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Pr e f a c e

The  purpose  of  this  interface  control  docume n t  (ICD)  is  to  provide  complete  
information  concerning  the  produc ts  to  be  transfer r e d  between  the  Flight  
Dynamics  System  (FDS)  and  the  Earth  Observing  System  (EOS)  Mission  
Opera t ions  Systems  (EMOS),  in  suppor t  of  the  AM-1  mission.  The  AM-1  
mission  was  rename d  Terra  after  launch.  The  conten t s  are  complete  to  a  
level  sufficient  to  develop  and  opera te  the  interface;  therefore ,  the  
documen t  is  intende d  for  use  only  by  those  direc tly  involved  with  the  
mission  and/or  facilities  involved.   No  attemp t  has  been  made  to  relate  this  
ICD  to  the  total  EOS  Terra  ground  system  or  to  no  pertinen t  aspect s  of  the  
facilities/orga niza t ions  involved.   Changes  to  this  docume n t  shall  be  made  
only  by  complete  revision.

This  documen t  was  prepa re d  by  a  team  consisting  of  membe rs  of  the  
Mission  Enginee ring  and  System  Analysis  Division  / Navigat ion  and  Mission  
Design,  EOS  FDS  group  and  the  Earth  Science  Mission  Opera t ions  Branch.   
Questions  and  proposed  changes  concerning  this  docume n t  shall  be  
address e d  to:

Tiffany  Hoerbel t
Naviga tion  and  Mission  Design  Branch  / GSFC  Code  595
Goddard  Space  Flight  Cente r
Greenbel t ,  Maryland  20771
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Ab s tra c t

This  documen t  provides  information  concerning  the  produc ts  to  be  
transfe r r e d  betwee n  the  Flight  Dynamics  System  (FDS)  and  the  Earth  
Science  Mission  Opera tions  (ESMO)  and  the  Distributed  Active  Archive  
Cente r s  (DAACs)  in  suppor t  of  the  Earth  Observing  System  (EOS)  Terra  
mission.   This  documen t  explains  in  sufficient  detail  about  the  
communica t ion  links,  the  communica t ion  protocols,  data  formats  and  
interface  services  that  satisfy  the  require m e n t s  for  the  reference d  facilities.
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S e c t i o n  1 .   Introdu c t i o n

1 . 1 Purpos e

This  interface  control  documen t  (ICD)  defines  the  complet e  interface  
between  the  Flight  Dynamics  System  (FDS)  and  the  Earth  Observing  
System  (EOS),  system  elemen t s  in  suppor t  of  the  Terra  mission.   

This  ICD  covers  the  delivery  and  receipt  of  produc ts  between  the  FDS  and  
EOS  for  prelaunc h  analysis,  training  and  simulation  activities  through  the  
launch,  early  mission,  routine  opera t ions ,  and  end- of-life  activities.   The  
produc ts  themselves  are  separa t e d  into  attitude  and  orbit  related  functions ,  
as  described  in  Referenc e  1.

This  ICD  covers  all  product s ,  analysis  and  timed  events  that  will  occur  
between  the  FDS  and  the  EOS  Opera t ions  Cente r  (EOC).   The  EOC  is  
responsible  for  the  high- level  monitoring  and  control  of  all  instrum e n t s  on-
board  the  EOS  Terra  spacec raf t .   The  EOC,  togethe r  with  the  Instrum e n t  
Suppor t  Terminal  (IST)  toolkits,  constitu t e s  the  EOS  Mission  Opera tions  
System  (EMOS).   The  EOS  is  the  ground  system  that  provides  for  all  flight  
opera tions  suppor t  and  data  processing  and  archiving  systems  for  the  EOS  
missions .

This  ICD  also  covers  analysis  suppor t  and  the  FDS  produc ts  provided  to  the  
Langley  Research  Cente r  (LaRC)  Science  Data  Processing  System  (SDPS),  
and  the  Goddard  Earth  Sciences  (GES)  Data  and  Informa tion  Services  
Cente r  (DISC)  for  the  purpose  of  repairing  atti tude  and  orbit  data .   The  
LaRC  SDPS  and  the  GES  DISC  are  segmen t s  of  EOS  known  as  Distributed  
Active  Archive  Cente r s  (DAACs)  and  are  responsible  for  the  processing,  
produc t  genera t ion,  and  distribu tion  and  archival  of  Level  1  through  Level  4
data.

1 . 2 Miss io n  Phas e

The  EOS  Terra  mission  phases  are  defined  as  follows  (see  Reference  4):

a. Prelaunch  Phase  – During  this  phase,  the  mission  requirem e n t s  were  
defined  and  analyzed,  the  ground  suppor t  systems  integra t e d  and  
tested ,  and  the  spacecr af t  was  integra t e d ,  tested ,  installed  on  the  
launch  vehicle,  and  prepa re d  for  launch.   This  phase  also  included  the
training  of  the  personnel  in  the  opera t ions  of  the  ground  systems.

b. Launch/Acquisi tion  – This  phase  began  with  the  transi tion  to  internal  
power  before  launch.   During  this  phase,  the  spacecraf t  nulled  any  
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attitude  rates  and  performe d  Earth  acquisition.   It  also  included  the  
delta- V maneuve r s  required  to  establish  the  opera t ional  orbit.

c. Checkou t  – This  phase  began  after  the  initial  delta- V maneuve r s  were  
complete .   It  included  initializa tion  and  checkou t  activities  prior  to  
normal  opera t ions .

d. Opera t ional  – This  phase  began  after  initialization  and  checkout  
activities  were  complet ed  and  continues  through  the  life  of  the  
mission.   It  includes  opera t ions  and  maintena nc e  activities  to  maintain
nominal  orbit  and  spacec raf t  heal th  and  safety,  and  to  suppor t  end  of  
mission.

1 . 3 Miss io n  Spec i f i c  Charact e r i s t i c s

The  EOS  Terra  was  the  first  of  a  series  of  EOS  spacec raf t  that  are  par t  of  
the  Earth  Science  Ente rp ri se  (ESE).  The  EOS  Terra  spacec raf t  was  planned  
for  a  5-year  mission  lifetime  that  has  been  extende d  beyond  that.   The  EOS  
Terra  spacecraf t  was  launched  from  the  weste rn  launch  facility  on  an  
expendable  Atlas  IIAS  launch  vehicle,  and  placed  into  a  transfe r  orbit.   The  
mission  orbit,  a  near  polar,  sun- synchronous  orbit  at  an  altitude  of  705  
kilomete r s  is  being  attained  through  spacecraf t  propulsive  maneuve r s .  
 
The  EOS  program  has  the  objective  to  provide  long- term  observat ions  of  the
Earth ' s  terres t r i al  and  atmosph e r ic  environm e n t .   In  par ticula r ,  the  EOS  
Terra  scientific  goal  is  to  provide  data  for  the  unders t an d ing  and  
charac t e r iza t ion  of  the  terre s t r i al  and  oceanic  surfaces ,  clouds,  radiation,  
aerosols  and  radia tive  balance .   The  EOS  Terra  spacecraf t  carries  five  
scientific  instrum e n t s  onboard .   They  are  the  Advanced  Spaceborn e  
Thermal  Emission  and  Reflection  Radiomet e r  (ASTER),  Clouds  and  Earth 's  
Radiant  Energy  System  (CERES),  Multi- angle  Imaging  Spect roRadiome t e r  
(MISR),  Modera t e  Resolution  Imaging  Spect roRadiome t e r  (MODIS),  and  
Measure m e n t s  of  Pollution  in  the  Troposphe r e  (MOPITT).

1 . 4 AM- 1  Guidan c e ,  Naviga t i o n  and  Control

The  EOS  Terra  is  a  three  axis  stabilized,  nadir- pointing  spacecraf t .   Attitude
dete rmina t ion  and  control  as  well  as  orbit  dete rmina t ion  are  provided  by  
the  Guidance,  Naviga tion  and  Control  Subsyste m  (GN&CS)  during  all  
opera tional  phases  of  the  mission.   The  GN&CS  is  an  ensemble  of  sensors ,  
actua to r s ,  software ,  suppor t  hardwa re ,  and  associa ted  elect ronics  that  
provide  control  of  the  spacecraf t  attitude  and  orbit.   Flight  software  
residen t  in  the  Spacecraf t  Controls  Compute r  (SCC)  implemen t s  most  of  the
GN&CS  algorithms.   The  GN&CS  uses  the  TDRSS  Onboard  Navigat ion  
System  (TONS)  for  state  vector  estimation,  spacec raf t  clock  bias  estimation,
and  Doppler  compens a t ion  for  navigat ion  purposes .

The  major  componen t s  of  the  attitude  dete rmina tion  and  control  hardwar e  
are:
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a. Attitude  Control  Elect ronics  (ACE)  (1  primary,  1  redunda n t )
b. Coarse  Sun  Sensor  (CSS)  (5  units)
c. Iner tial  Reference  Unit  (IRU)  (3  units)
d. Earth  Sensor  Assembly  (ESA)  (2  units)
e. Fine  Sun  Sensor  (FSS)  (1  unit)
f. Three  Axis  Magne tom e t e r  (TAM)  (2  units)
g. Solid  State  Star  Tracker  (SSST)  (2  units)
h. Reaction  Wheel  Assembly  (RWA)  (4  units)
i. Magne tic  Torque  Rod  (MTR)  (3  units)

The  GN&CS  interfaces  with  the  Propulsion  Subsys te m  for  controlling  a  set  
of  12  (6  primary  and  6  redunda n t )  attitude  control  thrust e r s  for  backup  
momentu m  unloading  and  rate  nulling  after  launch  vehicle  separa t ion.
The  major  componen t s  of  the  orbit  dete rmina t ion  and  control  software  and  
hardwa r e  are  the  following:

a. TONS
b. Propulsion  Subsyste m’s  Delta- V Thruste r s  (2  primary,  2  redunda n t )  
c. Communica t ions  Subsys tem’s  S-band  Transponde r

The  TONS  software  uses  TDRSS  one- way  forward  link  Doppler  data  for  
orbit  position  dete rmina t ion.   The  S-band  transpond e r  provides  Dopple r  
frequency  from  TDRSS  forward  link  service.   The  delta- V thrus t e r s  enable  
the  spacecraf t  to  perform  orbit  adjust  and  ground  track  maneuve r s .

The  EOS  Terra  attitude  is  defined  relative  to  the  local  horizontal- local  
vertical  (LVLH)  referenc e  frame.

The  X, Y, and  Z-axes  of  the  LVLH  frame  are  defined  as  follows:

a. Y is  along  the  nega tive  orbit  normal  vector
b. Z is  along  the  nadir  vector
c. X is  defined  to  complet e  the  right- handed  coordina t e  system

The  spacecraf t  atti tude  relative  to  the  LVLH  is  expressed  as  a  3-1-2  Euler  
rota tion.

1 . 5 Relate d  Docu m e n t ation

1.5.1 Referenc es

3
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
1. National  Aeronau t ics  and  Space  Administ ra t ion  (NASA),  Goddard  Space  

Flight  Cente r  (GSFC),  Earth  Observing  Syste m  AM- 1  Detailed  Mission  
Require m e n t s , 2013.

2. (Deleted)

3. Lockheed  Martin  Corpora t ion,  DR OPD- 140,  (Preliminary)  Telem e try  
Handbook  for  EOS- AM  Spacecraf t , January  1995  (Related/Sta t ic  
Documen t  Reference).

4. Lockheed  Martin  Corpora t ion,  EOS- DN- SE&I- 001  (Revision  C),  Syste m  
Operating  Mode , Februa ry  1994  (Related/Sta t ic  Documen t  Reference) .

5. National  Aeronau t ics  and  Space  Administ ra t ion  (NASA),  Goddard  Space  
Flight  Cente r  (GSFC),  553- FDD- 91/028,  Flight  Dynamics  Division  (FDD)  
Generic  Data  Products  Formats  Interface  Control  Docum e n t . .

6. NASA/GSFC,  423- ICD-002  Appendix  B,  Interface  Control  Documen t  
(ICD)  Between  the  Earth  Observing  System  (EOS)  Data  and  Information  
System  (EOSDIS)  Subsyste ms  Networks  and  the  Flight  Dynamics  
System  (FDS)  Elements  at  GSFC.  

7. (Deleted)  

8. Lockheed  Martin  Missiles  & Space,  EOS  AM- 1  Spacecraf t  Flight  
Syste m s  Manual , OPD- 100,  Vol.  IV, 20054746,  July  31,  1996  
(Related/Sta t ic  Documen t  Reference).  

9. Newman,  L.,  M.  Woodard,  and  C.  Matusow,  EOS  AM- 1  Flight  Dynamics  
Syste m  (FDS)  Operations  Procedures  Handbook , This  documen t  is  a  
living  documen t  upda ted  about  once  a  week  and  is  available  at  
http://missionsys t e m s.gsfc.nas a .gov/EOS- Terra  under  the  documen t s  
link.

10. Herbe rg ,  J. R.,  EOS- GN&C- 417,  Computa tion  of  EOS  and  TDRS  Mean  
Orbit  Elemen t  Rates , March  7,  1996  (Related/Sta t ic  Documen t  
Referenc e).

11. Federa l  Information  Securi ty  Moderniza t ion  Act  (FISMA)  of  2014.

12. NPR  2810.1A.

13. Earth  Science  Mission  Opera tions  System  Securi ty  Plan  (CD-0000- M-
GSF- 3270)  

4
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.

http://missionsystems.gsfc.nasa.gov/EOS-Terra


EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

5
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

S e c t i o n  2 .   Facil i t i e s / Sy s t e m s

2 . 1 Purpos e

This  section  provides  a  brief  descrip tion  of  the  EOS  Element s  and  the  FDS,  
along  with
the  interfaces  between  the  two  systems.

2 . 2 EOS  Operat io n s  Center  (EOC)

The  EOC  is  an  EMOS  elemen t  which  provides  for  all  the  ground  suppor t  for  
the  EOS  progra m.   The  EOC  provides  for  the  opera t ion  of  the  EOS  
spacecr af t  and  instrume n t s .   The  EOC  coordina t e s  spacecraf t  teleme t ry  and
commanding  with  the  EOS  Data  and  Operat ions  System  (EDOS),  EOSDIS  
Backbone  Network  (EBnet),  and  external  systems  such  as  the  Network  
Control  Cente r  (NCC)  and  the  FDS.

2 . 3 Flight  Dyna mi c s  Syste m  (FDS)

The  FDS  is  a  collection  of  worksta t ions  that  host  flight  dynamics  
applica tions  software  required  for  suppor t ing  the  EOS  AM-1  mission.   The  
FDS  is  physically  located  within  the  EOC  facility,  and  shares  with  EOC  the  
facility- provided  infras t ruc tu r e  such  as  electric  power  and  communica t ions  
network  capabili ties.   The  FDS  provides  orbit,  atti tude ,  and  maneuve r  
capabilities.   Orbit  suppor t  includes  genera t ion  of  predicted  and  definitive  
epheme r i s ,  suppor t  for  the  TDRSS  Onboard  Naviga tion  System  (TONS),  and
evaluat ion  of  the  onboard  ephem er i s  processe s .   Attitude  suppor t  includes  
all  ground  atti tude  dete rmina t ion,  validation  of  onboard  attitude  
dete rmina t ion  and  star  ephem e r i s ,  and  calibra t ion  of  atti tude  sensors .   
Maneuve r  suppor t  includes  genera t ion  of  maneuve r  planning  and  
calibra tion  produc ts .

2 . 4 Distrib u t e d  Active  Archive  Centers  (DAACs)

The  LaRC  SDPS  and  the  GES  DISC  are  EOSDIS  segme nt s  known  as  
Distributed  Active  Archive  Cente r s  (DAACs)  that  are  responsible  for  Level  1  
through  Level  4  science  data  processing,  produc t  genera t ion,  distribution,  
and  archival.    The  DAACs  are  geogra phically  distribute d  cente r s ,  which  are
facilities  with  residen t  exper tise  in  specific  Earth  science  disciplines.   The  
DAACs  need  orbit  and  atti tude  data  to  geoloca te  instrum e n t  data  points,  
which  are  normally  provided  by  TONS  and  onboard  atti tude  determina t ion  
(and  control)  system.   The  FDS  provides  the  DAACs  with  necessa ry  repaired
produc ts .
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2 . 5 FDS/EOC  Interfac e  Des cr ipt i o n

Figure  2-1,  adapted  from  Reference  6,  shows  a  simplified  view  of  the  
interfaces  between  the  EOC  and  FDS  functional  entities.   For  details  of  the  
FDS  architec tu r e ,  see  Reference  9

Figure  2- 1.  EOC/FDS  Interfac e  for  EOS  Terra
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The  following  provides  a  descrip tion  of  how  the  EOC  opera to r  uses  the  FDS  
workst a t ions ,  presen ts  rudimen ta ry  aspect  of  the  file  transfe r  which  the  
FDS  applica t ions  should  be  aware  of,  and  provides  the  guidelines  and  rules  
for  the  FDS  produc t  formats .

2.5.1 File  Transfe r

File  transfe r s  between  the  FDS,  EOC  and  EOS  entities  are  conduc ted  
through  the  use  of  Secure  File  Transfe r  Protocol  (SFTP).  A generic  message
sequence  applies  for  all  automa t e d  file  transfe r s  between  the  FDS  and  the  
EOC.   In  this  transfe r  sequence ,  the  sende r  of  the  data  initiates  the  
communica t ions  session  with  the  receiver .  The  sende r  transfe r s  the  data  file
to  a  specified  direc to ry  on  the  receiving  host  compute r .

2 .5.2 Format s  for  FDS  Products

Data  formats  for  all  the  FDS  produc ts  (with  only  a  few  exceptions)  delivered
to  the  EOC  will  follow  the  following  rules  and  guidelines:

a. All data  produc ts  are  genera t e d  in  an  ASCII  format
b. Each  record  has  a  carriage  return  or  newline  charac t e r  (‘\n’)  at  the  

end  (only  if a  hard  return  is  not  automa t ically  genera t e d  by  the  
software  that  writes  the  file)

c. All data  fields  within  a  record  are  separa t e d  by  exactly  one  blank  
charac t e r  (‘ ’) (but  there  is  no  blank  charac t e r  between  the  last  
charac t e r  of  the  last  data  field  and  the  newline  charac t e r )

d. Each  data  field  in  a  record  is  left  justified
e. All data  produc ts  are  genera t e d  based  on  the  Mean  Equa to r  and  

Equinox  of  J2000  reference  system
f. Positive  numeric  values  may  optionally  have  a  plus  sign  (‘+’)  to  the  

left  of  the  value.   The  plus  sign,  if presen t ,  must  be  immedia t ely  
followed  by  the  value  without  any  blanks  in  betwee n.

g. A minus  sign  (‘–’) precede s  a  data  value  to  designa t e  a  nega tive  
numeric  value.   The  minus  sign  must  be  immediat e ly  followed  by  the  
value  without  any  blanks  in  between .

h. Ranges  for  values  are  specified  in  the  ICD  only  where  applicable
i. The  “Star t  Time  of  the  File”  and  the  “End  Time  of  the  File”  data  field  

values  in  the  heade r  record  are  the  times  associa t ed  with  the  
beginning  and  end  of  the  time  period  over  which  the  file  was  
genera t e d .

Two  FDS  product s  (i.e.,  Definitive  Orbit  Data  and  Local  Oscillator  
Freque ncy  Report)  are  standa rdized  so  that  they  can  be  used  by  

3
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almost  all  conceivable  missions.   Data  formats  for  these  produc t s  
deviate  from  the  guidelines  given  here.

4
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

S e c t i o n  3 .   FDS  to  EOC  Produc t s

3 . 1 Produ c t  Sum m ary  Chart

Table  3-1  summarizes  all  the  produc ts  that  are  transfe r r e d  from  the  FDS  to  
the  EOC.   The  backup  medium  “Tape”  refer red  on  the  second  to  the  last  
column  is  a  40GB  Native  DLTtape  IV.  The  last  column  lists  section  number s
of  the  EOS  AM-1  Detailed  Mission  Requirem e n t s  (DMR)  documen t  
(Referenc e  1),  which  are  pointe r s  to  the  require m e n t s  to  be  met  by  the  FDS  
produc t  listed  on  the  corresponding  row  of  the  first  column.   The  following  
sections  provide  more  detail  about  each  produc t .

Table  3- 1.  Sum m a ry  of  FDS  to  EOC  Produ ct s

Produ c t  Nam e IC
D

Sec

Purpo s e Delivery
Sched u l e

Times p a
n

Mediu m
(Prim e / B k u

p)

DMR
No.

Real- Time
Attitude

Deter mina tion

3.1 S/C
monitori

ng

All real- time
passes

Length  of
pass

FOT  uses
EOC-

resident
FDS

workst a t ion  
/(N/A)

7110- 1

Sensor
Calibra tion

Table

3.3 Upload Once  in
Checkout  and

then  as
needed

N/A SFTP/Tape 7120- 3,
7120- 4,
7120- 5,
7120- 6,
7120- 7,
7120- 8

Attitude  Slew
Table

3.4 Upload Once  in
Checkout  and

then  as
needed

N/A SFTP/FAX 7130- 1

EOS  Terra
Mission  Star

Catalog

3.5 Upload
(SSST
ops)

Once
prelaunch

and  then  as
needed

N/A SFTP/Tape 7140- 2

Star  Density
Profile

3.6 Analysis Weekly 3  weeks SFTP/Tape 7140- 4

SSST  Star
Interfe renc e

3.7 Analysis Weekly 3  weeks SFTP/Tape 7140- 5

1
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Produ c t  Nam e IC
D

Sec

Purpo s e Delivery
Sched u l e

Times p a
n

Mediu m
(Prim e / B k u

p)

DMR
No.

ESA  Sun/Moon
Interfe renc e

3.8 Analysis Weekly 7  weeks SFTP/Tape 7140- 7

FSS  Visibility
Predict

3.9 Analysis Weekly 3  weeks SFTP/Tape 7140- 8

TDRS  State
Vectors

3.1
1

Upload Daily  and
After  each

orbit
maneuve r

2  Days SFTP/Tape 7210- 7

EOS  Terra
Brouwer-
Lyddane
Elemen t s

3.1
2

Upload
(TONS

ops)

Daily  and
After  each

orbit
maneuve r

2  Days SFTP/Tape 7210- 9

TDRS  Brouwer-
Lyddane
Elemen t s

3.1
3

Upload Daily  and
After  each

orbit
maneuve r

2  Days SFTP/Tape 7210-
10

Simulated  EOS  
Terra

Epheme ris

3.1
5

Simulati
on

As needed As
reques t ed

SFTP/Tape 7210-
16

Filter  Tuning
Parame t e r s

3.1
6

Upload
(TONS

ops)

As needed N/A SFTP/Tape 7210-
17

Nadir  OMNI  to
TDRSS  Viewing

Times

3.1
7

Planning
&

scheduli
ng  (P&S)

Weekly
Daily

7  weeks
7  days

SFTP/Tape 7230- 1

HGA  to  TDRSS
Line  of  Sight

Viewing  Times

3.1
8

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7230- 2

OMNI  to
Ground  Station
Viewing  Times

3.1
9

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7230- 3

HGA  Gimbal
Angles

3.2
0

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7230- 8

Predicted  EOS-
Terra

Epheme ris

3.2
1

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7210-
14

Predicted  TDRS
Epheme ris

3.2
2

Analysis Weekly
Daily

7  weeks
7  days

SFTP/Tape 7210-
21

Orbit  Adjust
Maneuve r

3.2
4

P&S Weekly 7  weeks SFTP/FAX 7220- 1

2
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

Produ c t  Nam e IC
D

Sec

Purpo s e Delivery
Sched u l e

Times p a
n

Mediu m
(Prim e / B k u

p)

DMR
No.

Reques t

Delta- V
Parame t e r s

Table

3.2
5

Upload
(Orbit

maneuve
r  ops)

Preliminary
24  hrs.  prior:

final  4

hrs.  prior  to
each

maneuve r

N/A SFTP/Tape 7220- 2

Mass  and
Cente r  of  Mass

Location
Estimates

3.2
6

Analysis After  each
orbit

maneuve r

N/A SFTP/FAX 7220- 3

Predic ted  EOS
Terra  Ranging

Data

3.2
7

S/C  time
correla ti
on  (RDD)

Daily 1  day SFTP/Tape 7230- 9

Attitude
Predictions

3.2
8

Analysis As needed N/A SFTP/Tape 7130- 2

Predic ted
Orbital  Events

3.2
9

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300- 4,
7300- 5,
7300- 8,
7300-

14,
7300-

17,
7300-

19,
7300-

20

Planned  Orbit
Maneuve r

Datase t

3.3
0

P&S Weekly
Monthly

7  weeks
78  weeks

SFTP/Tape 7300- 1

Solar/Lunar
Azimuth  and

Elevation
Angles

3.3
1

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300- 2,
7300- 3

Solar  Beta
Angles

3.3
2

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300- 6

Predic ted  Local
Sun  Time

3.3
3

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300- 7

Lunar  Beta
Angles

3.3
4

P&S Weekly 7  weeks SFTP/Tape 7300- 9

MODIS
Sun/Moon  FOV

3.3
5

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300-
10
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Produ c t  Nam e IC
D

Sec

Purpo s e Delivery
Sched u l e

Times p a
n

Mediu m
(Prim e / B k u

p)

DMR
No.

Events

MODIS
Planet/S t a r  FOV

Events

3.3
6

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300-
11

Predicted  Sub-
Satellite  Point

Datase t

3.3
7

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300-
12

Predic ted
Spacec r af t

Altitude

3.3
8

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300-
13

Predicted  S/C
Day/Night

Length

3.3
9

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300-
16

Terra  State
Error

Covariance
Matrix

3.4
0

Upload
(TONS)

As needed N/A SFTP/Tape 7210- 6

Local  Oscillator
Frequen cy

Repor t

3.4
8

Repor t
for  FOT

Weekly N/A SFTP/FAX 7210-
23

X-Band
Interfe renc e

Times

3.5
0

P&S  Weekly
Daily

7  weeks
7  days

SFTP/Tape 7230-
11

Predic ted  Orbit
Number  and
Star t  Times  

3.5
3

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300-
21

UTC  to  UT1
Timing

Difference

3.5
4

Upload
(TONS)

Daily 1  day SFTP/Tape 7210-
11

Predic ted
Instru m e n t

Orbit  Events

3.5
5

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7300-
15

Predic ted  EOS
Terra  State

Vector

3.5
6

Upload
(TONS)

As needed N/A SFTP/Tape 7210- 5

Simulat ed
TDRS  State

Vectors

3.5
7

Simulati
on

As needed N/A SFTP/Tape 7210-
16

Simulated  EOS  
Terra  Brouwer-

Lyddane

3.5
8

Simulati
on

As needed N/A SFTP/Tape 7210-
16

4
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Produ c t  Nam e IC
D

Sec

Purpo s e Delivery
Sched u l e

Times p a
n

Mediu m
(Prim e / B k u

p)

DMR
No.

Elemen t s

Simulat ed
TDRS  Brouwer-

Lyddane
Elemen t s

3.5
9

Simulati
on

As needed N/A SFTP/Tape 7210-
16

Simulated  EOS  
Terra  State

Vectors

3.6
0

Simulati
on

As needed N/A SFTP/Tape 7210-
16

X-Band  Ground
Station  Contact

Times

3.6
1

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7230-
12

MODIS  FOV
Target  View

Period

3.6
2

P&S As needed Up  to  7
wks  

SFTP/Tape 7230-
13

Earth  Gravity
Model  Spherical

Harmonic
Coefficien ts

3.6
3

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

Earth  Gravity
Model  Degree

Variance

3.6
4

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

Harris- Prieste r
Atm.  Density

Model

3.6
5

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

Solar  Ephem
Modification

Data

3.6
6

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

EOS  Terra
Modeling  Data

3.6
7

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

TDRS  Modeling
Data

3.6
8

Upload
(TONS)

Daily  and
after  each

TDRS
maneuve r

N/A SFTP/Tape 7210-
17

Ground  Antenna
Modeling  Data

3.6
9

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

State  Tolerance
Data

3.7
0

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

Doppler  Meas.
Tolerance  Data

3.7
1

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

Covariance
Tolerance  Data

3.7
2

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17
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Produ c t  Nam e IC
D

Sec

Purpo s e Delivery
Sched u l e

Times p a
n

Mediu m
(Prim e / B k u

p)

DMR
No.

Navigation
Time  Step  Data

3.7
3

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

Phys.  and  Math.
Constan t s

3.7
4

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

Atmosphe r ic
Drag  Data

3.7
7

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

TDRSS
Measure m e n t

Bias  Data

3.7
8

Upload
(TONS)

As needed N/A SFTP/Tape 7210-
17

Simulat ed  UTC
to  UT1  Timing

Difference

3.7
9

Simulati
on

As needed (User-
specified)

SFTP/Tape 7210-
16

Navigation
Thrus te r  Table

3.8
0

Upload
(Orbit

maneuve
r)

4  hrs.  prior
to  each

maneuve r

N/A SFTP/Tape 7220- 2

HGA  to  TDRSS
S-Band  Viewing

Times

3.8
1

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7230- 2

HGA  to  TDRSS
TONS- based

Viewing  Times

3.8
2

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7230- 2

Zenith  Omni  to
TDRSS  Viewing

Times

3.8
3

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7230- 1

TAM  FDIR
Predic t  Table

3.8
4

Upload
(Attitude
maneuve

r)

As needed 13042
seconds

SFTP/Tape 7210-
22

Thrust e r
Control

Parame t e r s
Table

3.8
5

Upload
(Attitude
maneuve

r  )

As needed (None) SFTP/Tape 7220.2

CERES  FOV
Intrusion  Times

3.8
6

P&S Weekly
Daily

7  weeks
7  days

SFTP/Tape 7230-
13

TDRSS  to  S/C
Ray  Patch

Height

3.8
7

P&S Weekly

Daily

7  weeks

7  days

SFTP/Tape 7230- 1

HGA  Hotzone
Times

3.8
8

P&S Weekly

Daily

7  weeks

7  days

SFTP/tape New

HGA  Keyhole
Unwind  Times

3.8
9

P&S Weekly

Daily

7  weeks

7  days

SFTP/Tape New

6
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

Produ c t  Nam e IC
D

Sec

Purpo s e Delivery
Sched u l e

Times p a
n

Mediu m
(Prim e / B k u

p)

DMR
No.

HGA  Keyhole
High  Slew  Rate

Times

3.9
0

P&S Weekly

Daily

7  weeks

7  days

SFTP/Tape New

HGA  Keyhole
Sun

Interfe renc e
Times

3.9
1

P&S Weekly

Daily

7  weeks

7  days

SFTP/Tape New

FDS  Checklist 3.9
2  

FOT Weekly

Daily

n/a

n/a

SFTP/Tape New

Inclination
(Yaw)  Data

3.9
3

FOT Weekly 7  weeks SFTP/Tape New

7
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3 . 2 Real- Time  Coarse  Attitud e  Deter m i n a t i o n

3.2.1 Descript ion

The  real- time  attitude  dete rmina t ion  system  (RTADS)  is  used  for  real- time  
verification  of  the  spacec raf t ' s  atti tude  dete rmina t ion  process  onboard .

3.2.2 Mission  Phase

The  real- time  coarse  attitude  dete rmina t ion  function  is  to  be  available  
during  all  mission  phases .

3.2.3 Format

The  real- time  coarse  attitude  dete rmina t ion  system  produces  a  format t e d
display  output  to  be  accessible  by  the  EOC  on  their  network.   

3 . 2.4 Accuracy/Comple t e n e s s

The  FDS  determines  the  roll,  pitch  and  yaw  Euler  angles  in  real- time  with  
an  accuracy  of  ±1  degree  (3  sigma)  for  each  axis  after  calibra tion.   Before  
calibra tion  the  accuracy  was  ±  7  degrees  (3  sigma)  for  each  axis.

3 .2.5 Delivery  Schedule

The  real- time  coarse  attitude  display  is  available  as  needed  in  the  EOC  for  
all  real- time  passes  during  all  phases  of  the  mission.   The  RTADS  was  
delivered  and  used  during  EOC  prelaunc h  for  simulations  and  ground  
network  testing.

3.2.6 Timespan

The  data  timespan  per  suppor t  is  at  the  discre t ion  of  the  FOT,  but  the  
RTADS  is  capable  of  suppor t ing  all  real- time  passes .

3.2.7 Transmission  Medium

8
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The  real- time  attitude  display  is  genera t e d  on  an  FDS  worksta t ion,  which  
resides  in  the  EOC  and  in  the  Backup  EOC  (BEOC).   There  is  no  backup  
trans mission  medium  for  this  produc t .   

3 . 2.8 Volume  Estimate

There  is  no  volume  estimate  associa ted  with  the  RTADS.

3 . 3 (Move d  to  Sect io n  7 )

3 . 4 Sens or  Calibrat io n  Table

3.4.1 Descript ion

The  FDS  delivers  to  the  EOC  the  resul ts  of  each  calibra t ion  effort  in  the  
form  of  a  datase t  that  are  conver t ed  to  uplink  tables  by  the  EOC.   The  FDS  
performs  calibra t ions  during  the  Checkout  and  Opera t ional  phases  of  the  
mission.

The  following  are  the  atti tude  related  sensors  to  be  calibra t e d ,  along  with  
the  param e t e r s  for  each  sensor  as  indicated:

a. SSSTs  – alignmen t s ,  star  magnitude  sensitivity,  and  scale  factors
b. IRUs  – alignmen t  and  scale  factors  and  biases
c. FSS  – alignmen t  and  field- of-view  (FOV)

3.4.2 Mission  Phase

This  produc t  is  to  be  delivered  during  the  Checkou t  and  Opera t ional  phases .

3.4.3 Format

Format s  for  the  following  tables  are  described  separa t e ly:

a. FSS  transform a t ion  table
b. FSS  calibra t ion  table
c. SSST  transform a t ion  table

9
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
d. SSST  param e t e r s  table
e. IRU  transform a t ion  table
f. IRU  scaling  table
g. IRU  biases  table

3.4.3.1 FSS  Transform a t ion  Table

This  table  contains  the  Euler  param e t e r s  that  describe  the  mounting  
orienta t ion  of  the  FSS  relative  to  the  spacecr af t  body  frame.   The  Euler  
param e t e r s  repres e n t  the  transforma t ion  from  the  spacec raf t  body  frame  to  
the  sensor  frame.

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   FSS_XFORM_TABLE
b. Table  Number :   125

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .

Table  Field
Nu mb e r

Data
Type

Unit Descript i o n

1 LF No  
unit  
(NU)

First  of  four  Euler  param e t e r s  
describing  the  mounting  orient a t ion  of  
FSS  relative  to  the  spacecraf t  body  
frame.

2 LF NU Second  of  four  Euler  parame t e r s .
3 LF NU Third  of  four  Euler  param e t e r s .
4 LF NU Four th  of  four  Euler  param e t e r s .

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 FSS_XFORM_TABLE 125 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s
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1 3.2963381000E-01\n
2 9.0189837000E-01\n
3 -2.5905955000E-01\n
4 -1.0396645000E-01\n

3.4.3.2 FSS  Calibra t ion  Table

A flight  software  componen t  receives  alpha  and  beta  angle  inputs  from  the  
FSS  and  applies  up  to  nine  compens a t ion  coefficient s  per  input  to  define  the
FSS  position  outpu t  to  the  “Update  Filter”  or  attitude  initialization  function.
These  compens a t ion  coefficient s  comprise  18  element s  of  this  table  (nine  
each  for  alpha  input  and  beta  input).

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   FSS_CAL_TBL
b. Table  Number :   63

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .
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Table  Field
Nu mb e r

Data
Type

Unit Descript i o n

1 LF NU Alpha  angle  calibra t ion  coefficient  
#1.   

2 LF counts -1 Alpha  angle  calibra t ion  coefficient  #2
3 LF NU Alpha  angle  calibra t ion  coefficient  #3
4 LF rad/cou

nt
Alpha  angle  calibra t ion  coefficient  #4

5 LF rad Alpha  angle  calibra t ion  coefficient  #5
6 LF NU Alpha  angle  calibra t ion  coefficient  #6
7 LF rad/cou

nt
Alpha  angle  calibra t ion  coefficient  #7

8 LF rad Alpha  angle  calibra t ion  coefficient  #8
9 LF rad Alpha  angle  calibra t ion  coefficient  #9
10 LF NU Beta  angle  calibra t ion  coefficient  #1
11 LF counts -1 Beta  angle  calibra t ion  coefficient  #2
12 LF NU Beta  angle  calibra t ion  coefficient  #3
13 LF rad/cou

nt
Beta  angle  calibra t ion  coefficient  #4

14 LF rad Beta  angle  calibra t ion  coefficient  #5
15 LF NU Beta  angle  calibra t ion  coefficient  #6
16 LF rad/cou

nt
Beta  angle  calibra t ion  coefficient  #7

17 LF rad Beta  angle  calibra t ion  coefficient  #8
18 LF rad Beta  angle  calibra t ion  coefficient  #9

12
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 FSS_CAL_TBL 63 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 -6.2486900000E-01\n
2 7.6278000000E-05\n
3 0.0000000000E+00\n
.
.
9 0.0000000000E+00\n
10 -6.2486900000E-01\n
11 7.6278000000E-05\n
.
.
18 0.0000000000E+00\n

3.4.3.3 SSST  Transform a t ion  Table

This  table  contains  two  sets  (one  for  each  of  two  SSSTs)  of  Euler  
param e t e r s  which  define  the  mounting  orienta t ion  of  SSST1  and  SSST2  
relative  to  the  spacec raf t  body  frame.   The  Euler  param e t e r s  repres en t  the  
transform a t ion  from  the  spacecraf t  body  frame  to  the  sensor  frame.

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   SSST_EULER_PARAMS_TBL
b. Table  Number :   178

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .
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Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF NU First  of  four  Euler  param e t e r s  
describing  the  mounting  orient a t ion  of
SSST1  relative  to  the  spacecr af t  body  
frame.

2 LF NU Second  of  four  Euler  parame t e r s  
(SSST1).   

3 LF NU Third  of  four  Euler  param e t e r s  
(SSST1).   

4 LF NU Four th  of  four  Euler  param e t e r s  
(SSST1).   

5  through  8 Preceding  four  records  are  repea t ed  for  SSST2.

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 SSST_EULER_PARAMS_TBL  178 5 \
1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 7.6537181000E-01\n
2 3.2488106000E-01\n
3 5.1140510000E-01\n
4 -2.1707859000E-01\n
5 3.2488106000E-01\n
6 7.6537181000E-01\n
7 2.1707859000E-01\n
8 -5.1140510000E-01\n

3.4.3.4 SSST  Parame t e r s  Table

This  table  contains  two  scale  factors  (LSB  definitions)  for  the  angle  (X and  
Y) measu re m e n t s  and  the  magnitude  input  from  either  SSST  along  with  
measur e m e n t  correc t ion  factors  for  the  X angle,  Y angle  and  magnitude  
inputs  received  (one  set  of  correc t ion  factors  for  each  SSST).

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:
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a. Table  Name:   SSST_PARAMS_TBL
b. Table  Number :   65

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

3 IT counts SSST  1  horizontal  meas.  correct ion   
4 IT counts SSST  2  horizontal  meas.  correct ion
5 IT counts SSST  1  vertical  meas.  correc t ion   
6 IT counts SSST  2  vertical  meas.  correc t ion
7 IT counts SSST  1  magnitude  meas.  correct ion
8 IT counts SSST  2magnitude  meas.  correc t ion

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 SSST_PARAMS_TBL  65 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

3 0\n
4 0\n
5 0\n
6 0\n
7 0\n
8 0\n

3.4.3.5 IRU  Transform a t ion  Table

This  table  contains  the  nine  element s  of  the  3x3  alignme n t  matrix  which  
define  the  transform a t ion  of  IRU  sensor  measu re m e n t s  to  the  spacecraf t  
body  frame.   

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   
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Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   IRU_XFORM_TBL
b. Table  Number :   72
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Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1  through  9 LF NU (p,  q)  element  of  the  transform a t ion  
matrix,  where
p  =  (N-1)/3  +  1,  
q  =  (N-1)%3  +  1,
N  =  table  field  numbe r  (1,...,  9)

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 IRU_XFORM_TBL 72 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 1.0000000000E+00\n
2 0.0000000000E+00\n
3 0.0000000000E+00\n
4 0.0000000000E+00\n
5 1.0000000000E+00\n
6 0.0000000000E+00\n
7 0.0000000000E+00\n
8 0.0000000000E+00\n
9 1.0000000000E+00\n

3.4.3.6 IRU  Scaling  Table

This  table  contains  12  scale  factors  (radians/coun t )  to  be  applied  to  the  high
and  low  rate  outpu ts  for  each  axis  (roll,  pitch,  yaw)  for  the  two  IRUs.   

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   IRU_SCALING_TBL
b. Table  Number :   70
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Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF rad/cou
nt

IRU1  high  scaling  factor  (roll)

2 LF rad/cou
nt

IRU2  high  scaling  factor  (roll)

3 LF rad/cou
nt

IRU1  high  scaling  factor  (pitch)

4 LF rad/cou
nt

IRU2  high  scaling  factor  (pitch)

5 LF rad/cou
nt

IRU1  high  scaling  factor  (yaw)

6 LF rad/cou
nt

IRU2  high  scaling  factor  (yaw)

7 LF rad/cou
nt

IRU1  low  scaling  factor  (roll)

8 LF rad/cou
nt

IRU2  low  scaling  factor  (roll)

9 LF rad/cou
nt

IRU1  low  scaling  factor  (pitch)

10 LF rad/cou
nt

IRU2  low  scaling  factor  (pitch)

11 LF rad/cou
nt

IRU1  low  scaling  factor  (yaw)

12 LF rad/cou
nt

IRU2  low  scaling  factor  (yaw)

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 IRU_SCALING_TBL \
70 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 3.8785094000E-06\n
2 3.8785094000E-06\n
3 3.8785094000E-06\n
4 3.8785094000E-06\n
5 3.8785094000E-06\n
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6 3.8785094000E-06\n
7 2.4240684000E-07\n
8 2.4240684000E-07\n
9 2.4240684000E-07\n
10 2.4240684000E-07\n
11 2.4240684000E-07\n
12 2.4240684000E-07\n
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3.4.3.7 IRU  Biases  Table

Head er  Record:   137  bytes.

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   IRU_BIASES_TBL
b. Table  Number :   73

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Uni
t

Descript i o n

1 LF rad IRU1  high- rate  bias  (roll)
2 LF rad IRU2  high- rate  bias  (roll)
3 LF rad IRU1  high- rate  bias  (pitch)
4 LF rad IRU2  high- rate  bias  (pitch)
5 LF rad IRU1  high- rate  bias  (yaw)
6 LF rad IRU2  high- rate  bias  (yaw)
7 LF rad IRU1  low- rate  bias  (roll)
8 LF rad IRU2  low- rate  bias  (roll)
9 LF rad IRU1  low- rate  bias  (pitch)
10 LF rad IRU2  low- rate  bias  (pitch)
11 LF rad IRU1  low- rate  bias  (yaw)
12 LF rad IRU2  low- rate  bias  (yaw)

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 IRU_BIASES_TBL \
73 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 3.8785094000E-01\n
2 3.8785094000E-01\n
3 3.8785094000E-01\n
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4 3.8785094000E-01\n
5 3.8785094000E-01\n
6 3.8785094000E-01\n
7 2.4240684000E-02\n
8 2.4240684000E-02\n
9 2.4240684000E-02\n
10 2.4240684000E-02\n
11 2.4240684000E-02\n
12 2.4240684000E-02\n

3.4.4 Accuracy

There  is  no  direc t  accuracy  requirem e n t  for  calibra t ion  of  atti tude  sensors .   
The  calibra tion  is  done  to  reduce  the  residuals  such  that  the  atti tude  
dete rmina t ion  function  residing  in  the  SCC  will  meet  knowledge  
require m e n t s .

3.4.5 Delivery  Schedule

The  calibra tion  produc t  for  each  atti tude  sensor  is  to  be  delivered  once  
during  the  Checkou t  phase  and  as  needed  during  the  Operat ional  phase.

3.4.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t

3.4.7 Transmission  Medium

3.4.7.1 Prime  Medium

The  file  transfe r  method  is  SFTP  to  the  EOC.

3.4.7.2 Backup  Medium

The  backup  medium  for  the  calibra tion  file  is  a  40GB  Native  DLTtape  IV.

3.4.8 Volume  Estimate
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The  data  volume  (of  one  full  table)  for  each  table  is  listed  below.

Table  Name Data  Volume  (bytes)
FSS_XFORM_TABLE 245  (=  137  +  4*27)
FSS_CAL_TBL 972  (=  137  +  18*27)
SSST_EULER_PARAMS_TBL 353  (=  137  +  8*27)
SSST_PARAMS_TBL 299  (=  137  +  6*27)
IRU_XFORM_TBL 380  (=  137  +  9*27)
IRU_SCALING_TBL 461  (=  137  +  12*27)
IRU_BIASES_TBL 461  (=  137  +  12*27)

3 . 5 Attitud e  Slew  Table

3.5.1 Descript ion

The  FDS  provides  the  EOC  with  attitude  slew  tables  required  for  atti tude  
maneuve r .

3.5.2 Mission  Phase

The  attitude  slew  table  is  to  be  delivered  during  the  Checkou t  and  
Opera t ional  phase .

3.5.3 Format

This  table  contains  atti tude  slew  rate ,  slew  axis  identifier ,  and  numbe r  of  
slew  cycles.

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   ATTITUDE_SLEW_TBL
b. Table  Number :   126
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Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   
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Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

5 LF rad/s Attitude  slew  rate
6 LF rad/s 2  Slew  accele ra t ion  limit
7 IT NU Slew  axis  (1  =  roll,  2  =  pitch,  3  =  

yaw)
8 IT NU Number  of  slew  cycles  (1  cycle  =  

0.512  s)

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 ATTITUDE_SLEW_TBL 126 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

5 -1.7450000000E-03\n
6 1.7453290000E-05\n
7 2\n
8 1\n

3.5.4 Accuracy

There  is  no  accuracy  require m e n t  for  this  produc t .

3 .5.5 Delivery  Schedule

The  produc t  is  delivered  as  needed  during  the  Checkout  and  Opera t ional  
phases .

3.5.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

3 .5.7 Transmission  Medium

3.5.7.1 Prime  Medium

The  file  transfe r  method  is  SFTP  to  the  EOC.

3.5.7.2 Backup  Medium
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The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.
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3.5.8 Volume  Estimate

The  volume  of  one  full  table  is  218  (=  137  +  3*27)  bytes.

3 . 6 EOS  Terra  Miss io n  Star  Catalo g

3.6.1 Descript ion

The  FDS  is  responsible  for  genera t ing  and  delivering  to  the  EOC  the  EOS  
Terra  mission  star  catalog  to  be  used  by  the  SCC.   The  catalog  is  genera t e d  
in  the  J2000  reference  system.   The  EOS  Terra  mission  catalog  contains  star
instrum e n t  magnitudes  and  star  position  unit  vectors.

3 .6.2 Mission  Phase

The  catalog  was  delivered  to  the  EOC  during  the  p relaunch  phase  for  use  
during  system  tests  and  training.   The  param e t e r s  defined  in  the  catalog  
can  be  update d  as  needed  and  reques t e d  by  the  EOC  during  any  of  the  
mission  phases .

3.6.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   STAR_CATALOG_TBL
b. Table  Number :   179

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

26
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 FL NU Direction  cosine  between  x-axis  and  
star  #1  position  vector   

2 FL NU Direction  cosine  between  y-axis  and  
star  #1  position  vector   

3 FL NU Direction  cosine  between  z-axis  and  
star  #1  position  vector   

4 IT NU Star  #1  instrum e n t  magnitude
5  through  
up  to  2800

Preceding  4  records  are  repea t e d  up  to  699  times  
more.

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 STAR_CATALOG_TBL  179 5 \
1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 8.73300E-01\n
2 3.20000E-02\n
3 4.86200E-01\n
4 2400\n

3.6.4 Accuracy

The  accuracy  for  the  genera t ion  of  the  EOS  star  catalog  is  found  in  the  set  
of  criteria  used  to  create  the  catalog.

They  are  the  following:

a. Inst rum e n t a l  magni tudes  from  2  to  5.7.  
b. No  stars  included  with  instrum e n t a l  magnitude  uncer t a in ty  great e r  

than  0.25.
c. No  variable  stars  included  with  instrum e n t a l  magni tude  amplitudes  

grea te r  than  0.1.  
d. No  stars  included  with  proper  motions  great e r  than  0.7  arc- seconds  

per  year.  
e. No  stars  included  with  position  uncer t a in t ies  grea t e r  than  0.25  

arcseconds .  
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f. For  a  componen t  of  a  multiple  star ,  neares t  star  is  not  less  than  5  

magnitude s  dimmer,  or  is  less  than  5  arcseconds  away
g. A near  neighbor  star  within  0.2  degrees  must  be  dimmer  by  at  least  5  

magnitude s  
h. A near  neighbor  star  within  0.6  degrees  must  have  a  magnitude  

difference  of  at  leas t  0.75  magnitude s
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3.6.5 Delivery  Schedule

The  EOS  mission  catalog  was  delivered  to  the  EOC  during  the  prelaunch  
phase  and  can  be  upda ted  as  reques t e d  by  the  EOC  during  any  of  the  
mission  phases .

3.6.6 Timespan

Except  for  update s ,  the  EOS  star  catalog  is  used  for  the  dura tion  of  the  
mission  lifetime.

3.6.7 Transmission  Medium

3.6.7.1 Prime  Medium

The  EOS  Terra  star  catalog  is  sent  to  the  EOC  via  SFTP.

3.6.7.2 Backup  Medium

The  backup  transfe r  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.6.8 Volume  Estimate

The  volume  of  one  full  table  (consis ting  of  700  stars)  is  75,737  (=  137  +
2800*27)  bytes.

3 . 7 Star  Dens i ty  Profi le

3.7.1 Descript ion

The  FDS  will  provide  the  EOC  with  a  predic tion  produc t  that  will  give  for  
each  orbit  in  the  reques t ed  timespa n  a  statis tical  repres e n t a t ion  for  the  star
densi ty  of  that  orbit.   Each  orbit  begins  with  an  ascending  node  and  end  at  
the  next  ascending  node.   There  is  to  be  a  set  of  statistical  param e t e r s  per  
orbit  for  each  SSST.   This  produc t  is  genera t e d  using  a  nominal  predicted  
mission  atti tude ,  unless  attitude  maneuve r s  are  to  be  performe d.

3.7.2 Mission  Phase

The  produc t  was  delivered  prior  to  the  Launch  phase  and  can  be  update d  as
needed  throughou t  all  phases  of  the  mission.
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3.7.3 Format

The  format  for  the  star  densi ty  repor t  is  as  follows  (for  each  SSST):

Head er  Record:   71  bytes.

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  Id 8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  STARDENPROF.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  
the  file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

SSST  ID 1 SSST  Identification  number  (value  is  1  
or  2).

Data  Record s:   47  bytes.
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Field
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Time  of  
star t  of  
ascending  
node

14 Time  of  ascending  node  in  the  form  
YYYYDDD.HHMMSS.

Orbit  
number

6 Orbit  number .   Format  is  XXXXXX.

Minimum  
orbit  angle  
separa t ion

8 Minimum  star  separa t ion  orbit  angle  
(degree s)  
between  stars  (XX.XXXXX).

Maximum  
orbit  angle  
separa t ion

8 Maximum  star  separa t ion  orbit  angle  
(degree s)
between  stars  (XX.XXXXX).

Average  
orbit  angle  
separa t ion

8 Average  star  separa t ion  orbit  angle  
(degree s)
between  stars  (XX.XXXXX).

Sampl e  Head er  Record

AM1 STARDENPROF 1999225.123034 1999230.000000 1999232.235900 1\n
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Sampl e  Data  Record s

1999225.123034 12 45.56201 90.26521 67.52564\n
1999226.123056 13 48.45342 88.36541 80.30675\n

3.7.4 Accuracy

There  is  no  accuracy  require m e n t  for  this  produc t .

3 .7.5 Delivery  Schedule

The  produc t  is  delivered  weekly.

3.7.6 Timespan

The  timespan  of  the  produc t  is  3  weeks.

3.7.7 Transmission  Medium

3.7.7.1 Prime  Medium

The  prime  medium  for  transfer  of  this  produc t  is  via  SFTP.

3.7.7.2 Backup  Medium

The  backup  trans mission  medium  is  a  40GB  Native  DLTtape  IV.

3.7.8 Volume  Estimate

The  size  for  each  repor t ,  one  for  each  SSST,  is  118  bytes.

3 . 8 SSST  Star  Interfer e n c e

3.8.1 Descript ion

The  FDS  will  provide  to  the  EOC  a  report  that  gives  informa tion  about  
interfe r enc e  of  each  SSST  with  bright  objects  that  ente r  the  FOV.   FDS  will  
predict  the  times  when  the  Sun  is  within  45  degree s  of  either  SSST  
boresigh t  and  when  the  Moon  is  within  17  degrees  of  either  SSST  boresigh t .
FDS  will  also  predic t  the  times  when  each  of  the  planet s  (excluding  Earth)  
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ente r s  and  exits  either  SSST  FOV .  This  produc t  is  genera t e d  using  a  
nominal  predicted  mission  atti tude ,  unless  attitude  maneuve rs  are  to  be  
perform ed .

3.8.2 Mission  Phase

The  star  interfe r enc e  prediction  repor t  is  to  be  delivered  to  the  EOC  during  
the  Checkout  and  Opera t ional  phases .

3.8.3 Format

Head er  Record:   74  bytes

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  Id 8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  STARINTERFER.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

16 The  star t  time  of  the  creation  span  of  
the  file  in  the  form  
YYYYDDD.HHMMSS.S.

End  Time  of
the  file

16 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.S.

SSST  ID 1 SSST  Identifier  (1  or  2).

Data  Record s:   54  bytes
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Field
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

STAR  ID 8 The  SKYMAP  ID of  the  STAR  (up  to  8  
chars)  or  0  (zero)  if the  sun  or  moon  is  
in  the  FOV.

Interfer e nc
e
star t  time

16 Star t  time  of  interfe r enc e  
(YYYYDDD.HHMMSS.S).

Interfer e nc
e  stop  time

16 End  time  of  interfe re nce  
(YYYYDDD.HHMMSS.S).

Interfer e nc
e  type

2 Interfer e nce  flag:
Moon  =  2,  Sun  =  3,  Mars  =  4,  Jupiter  =
5,  
Saturn  =  6,  Uranus  =  7,  Neptune  =  8;  
Pluto  =  9,  
Mercury  =  10;  Venus  =  11.

Separa t ion  
angle

8 Separa t ion  angle  between  star  and  
interfe ring  solar  system  body.   The  
angles  range  from  -12  degrees  to  +12  
degrees .   Format  is  -XX.XXXX for  
nega tive  values  and  XX.XXXX for  
positive  values.   If the  sun  or  moon  is  in
the  FOV,  then  the  valid  value  is  0  
(zero).

Sampl e  Head er  Record

AM1 STARINTERFER 1996207.184925 1998181.004000.0 1998182.000000.0 1\n

Sampl e  Data  Record s

10220058 1998181.005736.0 1998181.011346.0 3 12\n

3.8.4 Accuracy

The  star  interfe r enc e  repor t  file  predicts  event  times  to  be  within  0.1  
seconds.

3.8.5 Delivery  Schedule
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The  produc t  is  to  be  delivered  weekly.

3.8.6 Timespan

The  timespan  of  the  produc t  is  3  weeks.

3.8.7 Transmission  Medium

3.8.7.1 Prime  Medium

The  prime  medium  for  transfer  is  via  SFTP.

3.8.7.2 Backup  Medium

The  backup  trans mission  medium  is  a  40GB  Native  DLTtape  IV.

3.8.8 Volume  Estimate

The  size  of  each  produc t ,  one  for  each  SSST,  is  74  bytes  plus  79  bytes  times
numbe r  of  data  records  per  SSST  predic tion.

3 . 9 ESA  Sun/M o o n  Interfer e n c e

3.9.1 Descript ion
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The  FDS  provides  to  the  EOC  a  list  of  times  that  the  Sun  and/or  Moon  ente r  
the  ESA  field  of  view  (FOV).   For  each  ESA,  the  interfe re nc e  occurs  when  
the  Sun  or  Moon  is  in  the  range  of  40  to  50  degrees  half- cone  angle  from  
the  ESA  boresigh t ,  and  also  in  the  range  of  4.0  degrees  below  to  7.0  
degrees  above  the  Earth  limb.   This  produc t  is  genera t e d  using  a  nominal  
predicted  mission  atti tude ,  unless  atti tude  maneuve r s  are  to  be  performe d.   
The  data  records  are  in  time  order  based  on  the  “Interfe r enc e  Star t  Time”  
field.

3.9.2 Mission  Phase

The  ESA  interfer enc e  produc t  is  to  be  genera t e d  during  the  
Launch/Acquisi tion,  Checkout  and  Opera t ional  phase.

3.9.3 Format

Head er  Record:   68  bytes.

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  Id 8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  ESAINTERFER.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  
the  file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Data  Record s:  35  bytes.

Field
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

ESA  
number

2 Earth  Sensor  Assembly  number  (1  or  2).

37
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
Interfer e nc
e  star t  Time

14 Star t  time  of  interfe r enc e  after  
ent ranc e  into  the  FOV  
(YYYYDDD.HHMMSS).

Interfer e nc
e  stop  Time

14 End  time  of  interfe re nce  before  exit  
from  the  FOV  (YYYYDDD.HHMMSS).

Interfer ing  
object

2 Interfer e nce  flag:
=1  for  Sun,
=2  for  Moon
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Sampl e  Head er  Record

AM1 ESAINTERFER 1996215.141123 1998181.004000 1998182.000000\n

Sampl e  Data  Record s

1 1998181.004335 1998181.004517 01\n
2 1998181.004725 1998181.005002 01\n

3.9.4 Accuracy

The  accuracy  of  the  event  predictions  is  to  be  60  seconds  at  the  end  of  the  3
week  timespan .

3.9.5 Delivery  Schedule

The  produc t  is  delivered  weekly.

3.9.6 Timespan

The  timespan  of  the  produc t  is  7  weeks.

3.9.7 Transmission  Medium

3.9.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  using  SFTP.

3.9.7.2 Backup  Medium

The  backup  medium  for  the  ESA  interfe re nce  predict  is  a  40GB  Native
DLTtape  IV. 

3.9.8 Volume  Estimate

The  size  of  this  produc t  is  (68  +  number  of  interfe r enc es  * 35)  bytes

3 . 1 0 FSS  Visibil i ty  Predic t

3.10.1 Descript ion
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The  FDS  provides  the  times  that  the  sun  is  visible  to  the  FSS  along  with
corresponding  alpha  and  beta  angles.  This  produc t  is  to  be  genera t e d  using
a  nominal  predicted  mission  attitude ,  unless  atti tude  maneuver s  are  to  be
perform ed .

3.10.2 Mission  Phase

This  predic t  is  to  be  genera t e d  during  the  Launch/Acquisi t ion,  Checkout ,
and  Operat ional  phases .

3.10.3 Format
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Head er  Record:   68  bytes .
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Field
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  ID 8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  FSSVISPREDICT.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  
the  file  in  the  form  YYYYDDD.HHMMSS.
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End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Data  Record s:   71  bytes.

Field
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Orbit  
number

6 Orbit  in  which  the  sun  visibility  is  
predicted .   Format  is  XXXXXX.

FSS  sun  
visibility  
star t  time  
(AOS)

14 Acquisition  of  signal  (AOS)  event  time   
(YYYYDDD.HHMMSS)  (0.0  if no  AOS  in  
this  orbit)

FSS  sun  
visibility  
stop  Time  
(LOS)

14 Loss  of  signal  (LOS)  event  time  
(YYYYDDD.HHMMSS)  (0.0  if no  LOS  in  
this  orbit)

Alpha  angle
at  AOS

8 FSS  FOV  reference  coordina t e  system  - 
alpha  angle  (degree s)  at  AOS.  The  
angle  ranges  from  –32  degree s  to  32  
degrees .   Format  is  SXX.XXXX, where  S
=  ‘–’ for  nega tive  values.

Alpha  angle
at  LOS

8 FSS  FOV  reference  coordina t e  system  - 
alpha  angle  (degree s)  at  LOS.  The  angle
ranges  from  –32  degrees  to  32  degree s .
Format  is  SXX.XXXX, where  S  =  ‘–’ for  
nega tive  values.

Beta  angle  
at  AOS

8 FSS  FOV  reference  coordina t e  system  - 
beta  angle  (degree s)  at  AOS.  The  angle  
ranges  from  –32  degrees  to  32  degree s .
Format  is  SXX.XXXX, where  S  =  ‘–’ for  
nega tive  values.

Beta  angle  
at  LOS

8 FSS  FOV  reference  coordina t e  system  - 
beta  angle  (degree s)  at  LOS.  The  angle  
ranges  from  –32  degrees  to  32  degree s .
Format  is  SXX.XXXX, where  S  =  ‘–’ for  
nega tive  values.   

Sampl e  Head er  Record

AM1 FSSVISPREDICT 1996215.150154 1998181.004000 1998182.000000\n
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Sampl e  Data  Record s

16 1998181.005423 1998181.005927 -5.2437 -3.3578 31.1446 -31.0922\n
17 1998181.023423 1998181.024927 -5.2437 -3.3578 31.1446 -31.0922\n
18 1998181.041423 1998181.042927 -5.2437 -3.3578 31.1446 -31.0922\n

3.10.4 Accuracy

The  predict  is  to  be  accura t e  to  60  seconds  at  the  end  of  the  3  week
prediction  timespan .

3.10.5 Delivery  Schedule

The  produc t  is  to  be  delivered  weekly  and  as  needed.

3.10.6 Timespan

The  timespan  of  the  produc t  is  3  weeks.

3.10.7 Transmission  Medium

3.10.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.10.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV. 

3.10.8 Volume  Estimate s

The  volume  estimate  is  (68  +  n  * 71)  bytes,  where  n  is  the  number  of  sun
visibility  periods .

3 . 1 1 (Move d  to  Sect io n  7 )

3 . 1 2 Predic t e d  TDRS  State  Vectors
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3.12.1 Descript ion

FDS  provides  the  EOC  with  four  separa t e  tables  (one  for  each  of  four
opera tional  TDRSS  spacec raf t)  each  containing  a  predicted  state  vector.
These  vectors  are  propaga t e d  onboard .

3.12.2 Mission  Phase

This  produc t  is  to  be  delivered  during  the  prelaunch  (for  simulations),
Launch,  Checkout ,  and  Opera t ional  phases .

3.12.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   TDRS k _STATE_TABLE  (k  =  1,  2,  3,  4  for  TDRS  1,  2,  3,  
and  4)

b. Table  Number :   272,  273,  274,  and  275  for  TDRS1  through  TDRS4,  
respec t ively.   (Note:   “k”  repres e n t s  not  the  actual  TDRS  spacec raf t  
name  but  an  arbit ra ry  assignm en t  of  a  par ticula r  TDRS  spacecraf t  to  a
slot  in  the  flight  software .   A mapping  is  required  between  the  actual  
spacecr af t  to  be  used  in  a  slot  and  the  slot  number .   This  mapping  is  
given  in  Section  4.12  and  will  change  as  the  opera t ional  constellation  
of  TDRS  spacecraf t  changes .)

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .
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Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 IT days Number  of  calenda r  days  from  
January  1,  1958  00:00:00.00000 0.

2 LI ms milliseconds  of  day.   Valid  range  of  
values  is  0  - 86400999.

3 IT µs microseconds  of  millisecond.   Valid  
range  of  values  is  0  - 999.

4 LF m x-componen t  of  the  position  vector  (in  
mete r s).

5 LF m y-componen t  of  the  position  vector.   
6 LF m z-compone n t  of  the  position  vector.   
7 LF m/s x-componen t  of  the  velocity  vector  (in  

mete r s / second).   
8 LF m/s y-componen t  of  the  velocity  vector.     
9 LF m/s z-compone n t  of  the  velocity  vector.   
10 IT days Time  limit.   Number  of  calenda r  days  

from  January  1,  1958  
00:00:00.000000 .

11 LI ms Time  limit.   milliseconds  of  day.   Valid  
range  of  values  is  0  - 86400999.

12 IT µs Time  limit.   microseconds  of  
millisecond.   Valid  range  of  values  is  0
- 999.

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 TDRS1_STATE_TABLE 272 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 12345\n
2 12345678\n
3 123\n
4 -1.4023886435E+07\n
5 -6.9430616641E+07\n
6 -3.0905939313E+03\n
7 -1.0502194183E+04\n
8 2.0323145049E+03\n
9 -7.4268210686E+04\n
10 12345\n
11 17200678\n
12 123\n
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3.12.4 Accuracy

This  produc t  is  to  maintain  an  accuracy  such  that  the  position  is  within  75
meter s  and  the  velocity  is  within  0.0055  mete r s /second ,  3  sigma,  at  the  end
of  one  day.   The  state  vector  time  tag  is  to  be  within  +10  to  +100  minutes
prior  to  the  uplink  time.   

3 . 12.5 Delivery  Schedule

This  produc t  is  delivered  once  per  day  for  routine  opera t ions  and  after  each
TDRS  maneuver  for  the  mission  lifetime.   

3 . 12.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

3 .12.7 Transmission  Medium

3.12.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.12.7.2 Backup  Medium

The  backup  trans mission  medium  for  this  produc t  is  a  40GB  Native  DLTtape
IV. 

3.12.8 Volume  Estimate

The  volume  of  one  full  table  is  461  (=  137  +  12*27)  bytes.

3 . 1 3 Predic t e d  EOS  Terra  Brouw er- Lyddan e  Elem e n t s

3.13.1 Descript ion

FDS  provides  the  EOC  with  the  predicted  EOS  Terra  Brouwer- Lyddane
mean  orbital  elemen t s .

3.13.2 Mission  Phase
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This  produc t  is  to  be  delivered  during  the  Launch/Acquisi tion,  Checkout  and
Opera t ional  phases .   

3 . 13.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   EOS_OE_TABLE
b. Table  Number :   201

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 IT days Epoch  day  - Numbe r  of  calenda r  days  
from  January  1,  1958  
00:00:00.000000 .

2 LI ms milliseconds  of  day.   Valid  range  of  
values  is  0  - 86400999.

3 IT µs microseconds  of  millisecond.   Valid  
range  of  values  is  0  - 999.

4 LF m Semi- major  axis.
5 LF NU Eccent rici ty.   
6 LF deg Inclination.   
7 LF deg Argumen t  of  perigee .
8 LF deg Right  Ascension  of  Ascending  Node  

(RAAN).     
9 LF deg Mean  anomaly.
10 LF m/s Semi- major  axis  rate.
11 LF deg/s Argumen t  of  perigee  rate .
12 LF deg/s RAAN  rate.
13 LF deg/s Mean  anomaly  rate  (See  Note  1  

below).
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Note  1: The  Mean  Anomaly  Rate  value  is  actually  not  strictly  the  mean  

anomaly  rate  but  a  combined  rate  for  several  of  the  orbit  element s .   
For  an  exact  definition  of  this  rate  computa t ion,  see  Reference  10.

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 EOS_OE_TABLE 201 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 14610\n
2 53304000\n
3 0\n
4 7.0777342890E+06\n
5 1.5617505920E-04\n
6 9.8199550760E+01\n
7 8.9860345080E+01\n
8 7.8579580640E+01\n
9 9.0007101930E+01\n
10 0.0000000000E+00\n
11 0.0000000000E+00\n
12 1.1405481980E-05\n
13 6.0677612010E-02\n

3.13.4 Accuracy

The  product  is  to  maintain  an  accuracy  of  50  kilomete r s  in  position  for  the
propaga t ion  timespan .   The  product  is  usable  for  two  days  from  the  uplink
time.

3.13.5 Delivery  Schedule

The  produc t  is  to  be  delivered  daily  for  routine  opera t ions ,  after  separa t ion,
and  after  each  orbit  adjust  maneuve r ,  for  the  mission  lifetime.

3.13.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .
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3.13.7 Transmission  Medium

3.13.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.13.7.2 Backup  Medium

The  backup  trans mission  medium  for  this  produc t  is  a  40GB  Native  DLTtape
IV.

3.13.8 Volume  Estimate

The  volume  of  one  full  table  is  488  (=  137  +  13*27)  bytes.

3 . 1 4 Predic t e d  TDRS  Brouw e r- Lyddan e  Elem e n t s

3.14.1 Descript ion

FDS  provides  the  EOC  with  four  separa t e  tables  (one  for  each  of  four
TDRSs).

3.14.2 Mission  Phase

The  produc t  is  to  be  delivered  during  the  Launch/Acquisi tion,  Checkout  and
Opera t ional  phases .

3.14.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   TDRS k _OE_TABLE  (k  =  1,  2,  3,  4  for  TDRS  1,  2,  3,  and  
4)
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b. Table  Number :   202,  203,  204,  and  205  for  TDRS1  through  TDRS4,  
respec t ively.   (Note:   “k”  repre se n t s  not  the  actual  TDRS  spacec raf t  
name  but  an  arbit ra ry  assignm en t  of  a  par ticula r  TDRS  spacecraf t  to  a
slot  in  the  flight  software .   A mapping  is  required  between  the  actual  
spacecr af t  to  be  used  in  a  slot  and  the  slot  number .   This  mapping  is  
given  in  Section  4.12  and  will  change  as  the  opera t ional  constellation  
of  TDRS  spacecraf t  changes .)

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 IT days Epoch  day  - Numbe r  of  calenda r  days  
from  January  1,  1958  
00:00:00.000000 .

2 LI ms milliseconds  of  day.   Valid  range  of  
values  is  0  - 86400999.

3 IT µs microseconds  of  millisecond.   Valid  
range  of  values  is  0  - 999.

4 LF m Semi- major  axis.
5 LF NU Eccent rici ty.   
6 LF deg Inclination.   
7 LF deg Argumen t  of  perigee .
8 LF deg Right  Ascension  of  Ascending  Node  

(RAAN).     
9 LF deg Mean  anomaly.
10 LF m/s Semi- major  axis  rate.
11 LF deg/s Argumen t  of  perigee  rate .
12 LF deg/s RAAN  rate.
13 LF deg/s Mean  anomaly  rate  (See  Note  1  

below).

Note  1: The  Mean  Anomaly  Rate  value  is  actually  not  strictly  the  mean  
anomaly  rate  but  a  combined  rate  for  several  of  the  orbit  element s .   
For  an  exact  definition  of  this  rate  computa t ion,  see  Reference  10.

Sampl e  Head er  Record
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AM1 TABLELOAD 1996123.001122 TDRS1_OE_TABLE 202 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s
1 14610\n
2 53304000\n
3 0\n
4 4.2165348390E+07\n
5 9.4436410320E-06\n
6 6.9939923540E-02\n
7 3.2779684270E+02\n
8 3.1325746660E+02\n
9 1.1237285530E+00\n
10 0.0000000000E+00\n
11 0.0000000000E+00\n
12 0.0000000000E+00\n
13 4.1781842490E-03\n

3.14.4 Accuracy

The  produc t  is  to  maintain  an  accuracy  of  120  kilomete r s  in  position  for  the
propaga t ion  timespan .   The  product  is  usable  for  two  days  from  the  uplink
time.

3.14.5 Delivery  Schedule

The  product  is  to  be  delivered  daily  during  the  Opera t ional  phase  and  after
each  TDRS  maneuve r ,  for  the  mission  lifetime.

3.14.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

3 .14.7 Transmission  Medium

3.14.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.14.7.2 Backup  Medium
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The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 14.8 Volume  Estimate

The  volume  of  one  full  table  is  488  (=  137  +  13*27)  bytes.

3 . 1 5 (Del e t e d )

3 . 1 6 Simula t e d  EOS  Terra  Spac e cr a f t  Ephe m e r i s

3.16.1 Descript ion

The  FDS  delivers  to  the  EOC  datase t s  containing  epheme r ides  for  the  EOS
Terra  spacecraf t  as  needed  and  specified  by  the  EOC.   The  coordina t e
referenc e  system  for  the  epheme r i s  is  in  the  Mean  Equato r  and  Equinox  of
J2000  frame.   The  ephem e r i s  is  to  be  used  during  prelaunch  activities  for
simulations  and  testing.

3.16.2 Mission  Phase

These  epheme r ides  is  delivered  during  all  phases  as  needed.

3.16.3 Format

The  format  is  the  same  as  for  Predicted  EOS  Terra  epheme r is  (see  Section
3.21).   

3 . 16.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .  

3 . 16.5 Delivery  Schedule

The  delivery  of  this  product  is  as  needed  and  negotia ted  with  the  EOC.
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3.16.6 Timespan

The  timespan  of  this  produc t  is  as  reques t e d  and  negotia ted  with  the  FOT.

3.16.7 Transmission  Medium

3.16.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.16.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 16.8 Volume  Estimate

The  volume  estimate  is  depende n t  on  the  timespan  of  the  data  reques t e d .
The  estimate  can  be  computed  by  taking  the  timespa n,  dividing  by  the
propaga t ion  interval  (the  reques t e d  data  point  interval)  and  multiplying  by
the  number  of  bytes  per  record.

3 . 1 7 Filter  Tunin g  Param e t e r s

3.17.1 Descript ion

The  FDS  to  deliver  to  the  EOC  param e t e r s  necessa ry  to  tune  the  onboard
TONS  navigation  filter.   The  list  of  parame t e r s  required  can  be  found  in  the
EOS  Terra  spacecraf t  command  and  telemet ry  list.

3 . 17.2 Mission  Phase

The  produc t  is  to  be  delivered  during  the  Launch/Acquisi tion,  Checkout  and
Opera t ional  phases .
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3.17.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   TUNING_PARAM_TABLE
b. Table  Number :   261

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .
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Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF m Radial  position  covariance  (cov)  sigma
2 LF m Intrack  position  cov  sigma   
3 LF m Crosst r ack  position  cov  sigma   
4 LF m/s Radial  velocity  cov  sigma   
5 LF m/s Intrack  velocity  cov  sigma
6 LF m/s Crosst r ack  velocity  cov  sigma
7 LF NU Radial  position/int r ack  velocity  cov  

correla t ion
8 LF NU Radial  velocity/int rack  position  cov  

correla t ion  
9 LF NU Drag  scale  factor  cov  sigma
10 LF Hz- S MO  frequency  bias  cov  sigma
11 LF Hz- S TDRS  measu re m e n t  bias  sigma
12 LF s Earth  Gravity  state  noise  radial  

correla t ion  time
13 LF s Earth  Gravity  state  noise  intrack  

correla t ion  time
14 LF s Earth  Gravity  state  noise  cross t rack  

correla t ion  time
15 LF m/s 3/2 Radial  state  noise  spect ra l  densi ty  

square  root
16 LF m/s 3/2 Intrack  state  noise  spect r al  densi ty  

square  root
17 LF m/s 3/2 Crosst r ack  state  noise  spect ral  densi ty

square  root
18 LF s –1/2 Drag  scale  factor  state  noise  spect r a l  

densi ty  square  root
19 LF Hz-

S/s 1/2

MO  frequency  bias  state  noise  
spect r al  densi ty  square  root

20 LF s TDRS  measu re m e n t  bias  correla tion  
time

21 LF Hz- S Doppler  measu re m e n t  noise  sigma.
22 LF Hz- S  Maneuve r  measur e m e n t  noise  sigma.
23 LF % Thrust  magnitude  state  noise  

uncer t a in ty.
24 LF deg Thrust  direc tion  state  noise  

uncer t a in ty.
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25 LF % MO  frequency  adjust  state  noise  
uncer t a in ty.   

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 TUNING_PARAM_TABLE \
261 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 1.0000000000E+03\n
2 1.0000000000E+03\n
3 1.0000000000E+03\n
4 1.0000000000E+00\n
5 1.0000000000E+00\n
6 1.0000000000E+00\n
7 -9.5000000000E-01\n
8 -9.5000000000E-01\n
9 3.0000000000E+00\n
10 4.2000000000E+02\n
11 1.0000000000E-01\n
12 9.0000000000E+01\n
13 1.0000000000E-01\n
14 1.8000000000E+02\n
15 4.0000000000E-05\n
16 1.0000000000E-07\n
17 1.5000000000E-04\n
18 7.0700000000E-03\n
19 2.5000000000E-03\n
20 9.0000000000E+02\n
21 2.5000000000E-02\n
22 1.0000000000E-01\n
23 1.0000000000E+01\n
24 3.0000000000E+00\n
25 1.5000000000E+01\n

3.17.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .

3 .17.5 Delivery  Schedule

The  produc t  is  delivered  to  the  EOC  on  an  as- needed  basis.
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3.17.6 Timespan

There  is  no  associat ed  timespan  with  this  produc t .

3 .17.7 Transmission  Medium

3.17.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.17.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 17.8 Volume  Estimate

The  volume  of  one  full  table  is  812  (=  137  +  25*27)  bytes.   

3 . 1 8 Nadir  Omni  to  TDRSS  Viewin g  Time s

3.18.1 Descript ion

The  FDS  provides  the  EOC  with  viewing  times  for  the  nadir- pointing  OMNI
antenna  to  each  of  the  opera t ional  TDRS  used  for  EOS  Terra.   The  view
periods  are  specified  as  a  pair  of  star t  and  end  times  of  the  view  in  UTC
format.   The  header  record  will  specify  the  time  span  covered  by  the  data  in
the  file  as  star t  and  end  times.   There  is  a  data  record  for  each  possible  view
from  each  TDRS  to  the  Terra  nadir  Omni  antenna  for  the  time  span
specified  in  the  heade r  record.   This  produc t  is  genera t e d  using  a  nominal
predicted  mission  atti tude ,  unless  atti tude  maneuve r s  are  to  be  performe d .
The  data  records  are  in  time  order  based  on  the  “AOS”  field.

3.18.2 Mission  Phase

This  produc t  is  delivered  during  all  phases  of  the  mission.

3.18.3 Format

Head er  Record:  68  bytes.
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Field
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  Id 8 The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  Type 14 The  view  indicato r  specifies  the  pair  that  
the  views  are  provided  for.  The  only  valid
value  is  OMNINTDRS

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS

Data  Record s:   48  bytes.

Field
Nam e

Maxim u m
Field  
Width

Des cr ipt i o n

TDRS  ID 6 The  ID of  the  TDRS  that  can  be  seen  by  
the  nadir  Omni.  The  valid  values  are  TDX
with  X =  1,3,4,5,  6,7,8,9,10,11,12,13,  …
up  to  99.  

AOS 14 The  star t  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS

LOS 14 The  end  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Forma t  is  
XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is  
XXXXXX.

Sampl e  Head er  Record

AM1 OMNINTDRS 1999225.123034 1999230.000000 1999232.235900\n

Sampl e  Data  Record s
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TD1 1999230.100000 1999230.105500 6043 6043\n
TD1 1999230.110100 1999230.114210 6043 6043\n
TD4 1999230.121400 1999230.150508 6043 6043\n

3.18.4 Accuracy

The  produc ts  are  to  produce  an  accuracy  of  60  seconds  absolute  UTC  at  the
end  of  a  3  week  predic tion.

Constra i n t s :  The  view  periods  are  filtered  so  that  the  following  const r ain t s
are  not  violated  when  the  OMNI  points  to  the  TDRS:

a. Structu r a l  blockage:   The  Nadir  Omni  antenn a  is  modeled  as  a  180  
degree  nadir  pointing  FOV  sensor.   No  structu r a l  blockage  is  
modeled.

b. Sun  Interfe re nc e:   4  degrees  TDRS  line  of  sight  to  Terra

3.18.5 Delivery  Schedule

This  produc t  is  to  be  delivered  once  per  week  for  the  7-week  produc t  and
once  per  day  for  the  7-day  produc t .

3 .18.6 Timespan

The  timespan  for  the  produc ts  is  7-weeks  and  7-days.

3.18.7 Transmission  Medium

3.18.7.1 Prime  Medium

The  produc ts  are  delivered  to  the  EOC  via  SFTP.

3.18.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  
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3.18.8 Volume  Estimate

The  volume  estimate  is  based  on  68  bytes  for  the  heade r  record  and  48
bytes  for  each  data  record,  which  is  based  on  the  number  of  view  periods
for  the  delivery.  

3 . 1 9 HGA  to  TDRSS  Line  of  Sight  Viewin g  Times

3.19.1 Descript ion

The  FDS  provides  the  EOC  with  line  of  sight  viewing  times  for  the  High
Gain  Antenna  (HGA)  to  each  TDRS  opera tional  for  EOS  Terra.   The  heade r
record  will  specify  the  time  span  covered  by  the  data  in  the  file  as  star t  and
end  times.   There  is  a  data  record  for  each  possible  view  from  any  TDRS  to
the  spacecraf t  HGA  antenna  for  the  time  span  specified  in  the  heade r
record.   This  produc t  is  to  be  genera t e d  using  a  nominal  predic ted  mission
attitude ,  unless  attitude  maneuve r s  are  to  be  perform ed .   The  data  records
are  in  time  order  based  on  the  “AOS”  field.

3.19.2 Mission  Phase

This  produc t  is  delivered  during  all  phases  of  the  mission.

3.19.3 Format

Head er  Record:  68  bytes.
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Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  Id 8 The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  Type 14 The  view  indicato r  specifies  the  pair  that
the  views  are  provided  for.  The  only  
valid  value  is  HGA-TDRS.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Data  Record s:   48  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

TDRS  ID 6 The  ID of  the  TDRS  that  can  be  seen  by  
the  HGA.  The  valid  values  are  TDX with  
X =  1,3,4,5,  6,7,8,9,10,11,12,13,  …up  to  
99.  

AOS 14 The  star t  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS.

LOS 14 The  end  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS.

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Forma t  is  
XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is  
XXXXXX.

Sampl e  Head er  Record

AM1 HGA-TDRS 1999225.123034 1999230.000000 1999232.235900\n

Sampl e  Data  Record s

TD1 1999230.100000 1999230.105500 6043 6043\n
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TD1 1999230.110100 1999230.114210 6043 6043\n
TD4 1999230.121400 1999230.150508 6043 6043\n

3.19.4 Accuracy

The  product  is  to  produce  an  accuracy  of  60  seconds  absolute  UTC  at  the
end  of  a  3-week  predic tion.

Constra i n t s  :   The  view  periods  are  filtered  so  that  the  following
const ra in t s  are  not  violated  when  the  HGA  points  to  the  TDRS.

 HGA  Gimbal  Position  Limits:  

There  are  two  sets  of  const r ain t s  on  gimbal  position  limits,  hard
const ra in t s  and  soft  const r ain t s .   The  soft  const rain t s  are  used  by  FDS
for  planning  purposes .   

The  default  values  for  the  limits  with  respec t  to  the  HGA  are:

az.  (deg) el.  (deg)
Hardwa r e : +/–  202.0 +97.0/–29.0
Firmware : +/–  200.5 none
Software: +/–  194.0 +90.0/–26.0

Note: The  software  azimuth  limits  are  found  in  locations  1  and  2
of  the  FSW  table,  HGA_TRACK_TABLE  (table  numbe r  =  135).
The  elevation  limits  are  found  in  locations  3  and  4.

3.19.5 Delivery  Schedule

This  produc t  is  to  be  delivered  once  per  week  for  the  7-week  produc t  and
once  daily  for  the  7-day  produc t .

3 .19.6 Timespan

The  timespans  for  these  produc ts  are  7-weeks  and  7-days.

3.19.7 Transmission  Medium

3.19.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.
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3.19.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 19.8 Volume  Estimate

The  volume  estimate s  are  based  on  68  bytes  for  the  heade r  record  and  48
bytes  for  each  data  record.

3 . 2 0 OMNI  to  Ground  Statio n  Viewin g  Time s

3.20.1 Descript ion

The  FDS  provides  the  EOC  with  viewing  times  of  the  EOS  Terra  nadir  OMNI
antenna  by  each  Project  specified  ground  stations  and  WOTS/AGS/SGS.
The  view  periods  are  specified  as  a  pair  of  star t  and  end  times  of  the  view  in
UTC  format.   The  heade r  record  specifies  the  time  span  covered  by  the  data
in  the  file  as  star t  and  end  times.   There  is  a  data  record  for  each  possible
view  from  any  ground  station  to  the  EOS  Terra  nadir  Omni  antenna  for  the
time  span  specified  in  the  header  record.   This  product  is  to  be  genera t e d
using  a  nominal  predic ted  mission  atti tude ,  unless  atti tude  maneuver s  are
to  be  perform ed .   The  data  records  are  in  time  order  based  on  the  “AOS”
field.

3.20.2 Mission  Phase

These  product s  are  delivered  during  all  phases  of  the  mission.

3.20.3 Format

Head er  Record:  68  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  Id 8 The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  Type 14 The  view  indicato r  specifies  the  pair  that
the  views  are  provided  for.  The  only  
valid  value  is  OMNIGRND.
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File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Data  Record s:   48  bytes

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Ground  
Station  
Name

6 The  ID of  the  Ground  station  that  can  be  
seen  by  the  Omni.

AOS 14 The  star t  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS.

LOS 14 The  end  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS.

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Forma t  is  XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is  XXXXXX.

Sampl e  Head er  Record

AM1 OMNIGRND 1999225.123034 1999230.000000 1999232.235900\n

Sampl e  Data  Record s

DS16 1999230.100000 1999230.105500 6043 6043\n
DS46 1999230.110100 1999230.114210 6043 6043\n
BMDA 1999230.121400 1999230.150508 6043 6043\n

3.20.4 Accuracy

The  product s  is  to  produce  an  accuracy  of  60  seconds  absolute  UTC  at  the
end  of  a  3-week  predic tion.  There  are  no  viewing  const r ain t s  for  this
produc t .
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3.20.5 Delivery  Schedule

The  product s  are  delivered  weekly  for  the  7-week  produc t  and  daily  for  the
7-day  produc t .

3 .20.6 Timespan

The  timespans  for  the  produc ts  are  7-weeks  and  7-days.

3.20.7 Transmission  Medium

3.20.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.20.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 20.8 Volume  Estimate

The  volume  estimate  is  based  on  68  bytes  for  the  heade r  record  and  48
bytes  per  data  record.

3 . 2 1 HGA  Gimbal  Angle s

3.21.1 Descript ion

The  FDS  provides  to  the  EOC  a  table  of  HGA  gimbal  angles  for  each
opera tional  TDRS  used  for  EOS  Terra.   The  file  provides  the  HGA  elevation
and  azimuth  angles  at  fixed  time  intervals.   Nominally  the  gimbal  angles  are
provided  at  20  second  intervals  for  those  periods  when  the  HGA  can  view
the  TDRS.   Thus  there  may  be  time  gaps  in  the  data  for  those  time  periods
when  the  HGA  cannot  view  any  TDRS.   Data  for  all  TDRS  are  included  in  a
single  file.   This  produc t  is  to  be  genera t e d  using  a  nominal  predicted
mission  atti tude ,  unless  attitude  maneuve r s  are  to  be  performe d.   The  data
records  are  ordered  by  TDRS  ID and  within  each  TDRS  grouping  they  are  in
time  order .   
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3.21.2 Mission  Phase

The  produc t  is  to  be  delivered  during  all  phases .

3.21.3 Format

Head er  Record:   74  bytes

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  Id 8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  HGAGIMBAL.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  
the  file  in  the  form  YYYYDDD.HHMMSS

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS

Stepsize 5 The  stepsize  specifies  the  time  interval  
(in  seconds)  between  two  consecu tive  
data  records .   
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Data  Record s:  48  bytes

Field
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

TDRS  ID 6 The  Id  of  the  TDRS  that  can  be  seen  by  
the  HGA.  The  valid  values  are  TDX with  
X =  1,3,4,5,  6,7,8,9,10,11,12,13,  …up  to
99.

Time  of  
data  point

14 The  time  of  the  data  point  in  the  form  
YYYYDDD.HHMMSS

Orbit  
number

6 The  orbit  number  at  the  time  of  data  
point.   Format  is  XXXXXX.

Azimuth  
angle

10 The  azimuth  angle  of  the  HGA  in  
degrees   (gimbal  angle  about  the  
spacecraf t  +x  axis).   The  valid  range  of  
values  is  from  –202  to  +202  degrees .   
The  format  is  SXXX.XXXXX, where  S  =  
‘–’ for  negative  values.

Elevation  
angle

9 The  elevation  angle  of  the  HGA  in  
degrees  (gimbal  angle  about  the  
spacecraf t  +y  axis).   The  valid  range  of  
values  is  from  –29  to  97  degrees .   The  
format  is  SXX.XXXXX, where  S  =  ‘–’ for  
nega tive  values.

Sampl e  Head er  Record

AM1 HGAGIMBAL 1999225.123034 1999230.000000 1999232.235900 1\n

Sampl e  Data  Record s

TD1 1999230.100000 6043 78.13456 52.34567\n
TD1 1999230.100020 6043 78.43567 53.26784\n

3.21.4 Accuracy

The  produc t  is  to  be  accura t e  to  0.5  degree s  at  the  end  of  the  3  day
timespan .

Constra i n t s :   The  data  should  be  filtered  so  that  the  following  const r ain t s
are  not  violated  when  the  HGA  points  to  the  TDRS.

 HGA  Gimbal  Position  Limits:   
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There  are  two  sets  of  const r ain t s  on  gimbal  position  limits,  hard
const ra in t s  and  soft  const r ain t s .   The  soft  const rain t s  are  used  by  FDS
for  planning  purposes .   

The  default  values  for  the  limits  with  respec t  to  the  HGA  are:

az.  (deg) el.  (deg)
Hardwa r e : +/–  202.0 +97.0/–29.0
Firmware : +/–  200.5 none
Software: +/–  194.0 +90.0/–26.0

Note: The  software  azimuth  limits  are  found  in  locations  1  and  2
of  the  FSW  table,  HGA_TRACK_TABLE  (table  numbe r  =  135).
The  elevation  limits  are  found  in  locations  3  and  4.

3.21.5 Delivery  Schedule

The  produc t  is  delivered  daily  (7-day  produc t)  and  weekly  (7-week  produc t) .

3 . 21.6 Timespan

The  timespan  of  the  produc ts  are  7  days  (7-day- produc t)  and  7  weeks  (7-
week  produc t) .

3 . 21.7 Transmission  Medium

3.21.7.1 Prime  Medium

The  produc ts  is  transfer r e d  to  the  EOC  via  SFTP.

3.21.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.
3.21.8 Volume  Estimate

The  volume  estimate  is  based  on  a  74- byte  heade r  record  and  48- bytes  data
record.   

3 . 2 2 Predic t e d   EOS  Terra  Ephe m e r i s
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3.22.1 Descript ion

The  FDS  delivers  to  the  EOS  Terra  spacecraf t  predicted  epheme r is  data .
The  coordina t e  reference  system  for  the  ephem e r ide s  is  the  Mean  Equato r
and  Equinox  of  J2000  frame.   The  time  system  used  for  genera t ing  the
epheme r ides  is  UTC.

3.22.2 Mission  Phase

The  FDS  is  to  provide  this  produc t  during  all  phases .

3.22.3 Format

Head er  Record : 132  bytes
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Field  Nam e Maxim u
m  Field
Width

Des cr ipt i o n

Satellite  ID 8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type  14 The  type  of  file.   Only  valid  value  is  
“FDFEPHEM”.   

File  Creation
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  Data  File

18 Time  of  first  data  point  in  the  file.   
Format  is  YYYYDDD.HHMMSS.SSS.

End  Time  of  
Data  File

18 Time  of  last  data  point  in  the  file.   Format
is  YYYYDDD.HHMMSS.SSS.

Stepsize 7 Time  interval  betwee n  two  consecu t ive  
data  records .   Format  is  SSS.SSS.

GHA  at  
Ephem  Star t

8 Greenwich  hour  angle  (GHA)  at  
ephem e r i s  star t  (in  degrees) .   Format  is  
SXXX.XXX, where  S  =  “–” if nega tive.

GHA  at  
Ephem  End

8 Greenwich  hour  angle  at  epheme r is  end.

Leap  second
indicato r

1 Value  is  as  follows:
1  =  no  leap  second  occurs;
2  =  leap  second  occurs

Time  of  leap  
second

18 Format  is  YYYYDDD.HHMMSS.SSS.   
“0000000.0000 0 0 .000”  if no  leap  second  
occurs .

UTC  Time  
Adjustme n t  
for  Leap  
Second

8 Format  is  SXXX.XXX (in  seconds)  where  S
=  “–” if nega tive.   “0.000”  if no  leap  
second  occurs.
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Data  Record s:   111  bytes

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Time  of  
data  point

18 The  time  of  the  epheme r i s  data  point  that
this  record  contains.   Forma t  is  
YYYYDDD.HHMMSS.SSS.   

x-position 17 The  x componen t  of  the  position  vector  
(in  kilomete r s) .  Forma t  is  
SXXXXXXXXXX.XXXXX, where  S=  “–” if 
nega tive.

y-position 17 y componen t  of  the  position  vector.
z-position 17 z componen t  of  the  position  vector.
x-velocity 12 The  x componen t  of  the  velocity  vector  

(in  kilomete r s  per  second).  Format  is  
SXXX.XXXXXXX, where  S=  “–” if 
nega tive.   

y-velocity 12 y componen t  of  the  velocity  vector.
z-velocity 12 z componen t  of  the  velocity  vector.

Sampl e  Head er  Record

AM1 FDFEPHEM 1998170.000.000 1998171.170000.000 1998.172.170100.000 \
60.000 12.867 125.874 1 0000000.000000.000 0.000\n

Sampl e  Data  Record s

1998171.170000.000 853.96778 3555.52829 6056.24802 3.4854636 5.5191964 \
-3.7180224\n

3.22.4 Accuracy

The  position  accuracy  of  the  produc ts  at  the  end  of  40  hours,  are  to  be  the
following:

a. 330  m  along  track
b. 50  m  cross- track
c. 30  m  radial

The  velocity  accuracy  of  the  produc ts  at  the  end  of  40  hours,  is  to  be  2  m/s
(three  sigma).
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3.22.5 Delivery  Schedule

The  FDS  delivers  this  produc t  according  to  the  following  schedule:

a. weekly  for  7-week  produc t
b. daily  for  7-day  product

3.22.6 Timespan

The  timespan  of  the  produc ts  are  7  weeks  and  7  days.

3.22.7 Transmission  Medium

3.22.7.1 Prime  Medium

The  produc ts  is  transfer r e d  to  the  EOC  via  SFTP.

3.22.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 22.8 Volume  Estimate

If  the  stepsize  is  60  seconds,  the  data  volume  per  day  is  approximate ly  160
KB.   

3 . 2 3 Predic t e d  TDRS  Ephe m e r i s

3.23.1 Descript ion

The  FDS  provides  the  EOC  with  predicted  TDRS  epheme r i s  data  for  all
opera tional  TDRSs  suppor t ing  the  EOS  Terra  spacec raf t .   The  FDS  acquires
the  TDRS  ephem e r i s  data  from  the  Flight  Dynamics  Facility  (FDF)  via  SFTP
and  makes  it  available  to  the  EOC  in  the  format  specified  in  this  ICD.   The
time  used  for  genera t ing  the  epheme r ides  is  UTC.   

3 . 23.2 Mission  Phase

This  produc t  is  to  be  provided  during  all  mission  phases .
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3.23.3 Format

The  format  for  this  produc t  is  the  same  as  specified  in  Section  3.21.3.   But
the  descrip tion  for  the  “Satellite  ID”  field  should  read:   “The  ID  of  the
TDRS.   The  valid  values  are  TDX with  X =  1,  3,  4,  5,  6,  7,  8,  9,  10…99.”

Sampl e  Head er  Record

TD1 FDFEPHEM 1998170.000.000 1998171.170000.000 1998.172.170100.000 \
60.000 3.946 3.963 1 0000000.000000.000 0.000\n
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Sampl e  Data  Record s

1998171.170000.000 -41990.83028 -3812.18645 -19.01033 0.2772407 \
-3.0621834 0.0000590\n

3.23.4 Accuracy

The  accuracy  for  this  produc t  is  the  best  effort  that  can  be  genera t e d  for  the
timespan .

3.23.5 Delivery  Schedule

The  FDS  delivers  this  produc t  according  to  the  following  schedule:

a. weekly  for  seven- week  produc t  
b. daily  for  seven- day  produc t

3.23.6 Timespan

The  produc ts  is  genera t e d  for  a  7-week  and  a  7-day  timespan .

3.23.7 Transmission  Medium

3.23.7.1 Prime  Medium

The  produc ts  is  transfer r e d  to  the  EOC  via  SFTP.

3.23.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.23.8 Volume  Estimate

If  the  stepsize  is  60  seconds,  the  data  volume  per  day  is  approximate ly  160
KB.   

3 . 2 4 (Del e t e d )

3 . 2 5 Orbit  Adjust  Mane uv e r  Requ e s t
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3.25.1 Descript ion

The  FDS  monitors  the  EOS  Terra  orbital  param e t e r s  for  frozen  orbit
conditions ,  ground  track  limits,  and  sun  synchronous  orbit  conditions .   The
FDS  will  notify  the  FOT  if an  orbit  adjust  is  needed.

3.25.2 Mission  Phase

The  produc t  is  to  be  delivered  during  all  phases .

3.25.3 Format

The  repor t  contains  information  on  the  frozen  orbit  condition,  ground  track,
the  sun  synchronous  orbit  conditions  and  the  approximate  date  and  time  of
the  maneuve r .

Head er  Record:   76  bytes

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  ID 8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type 14 The  file  type  is  ORBITMANREQ.
File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

18 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.SSS.

End  Time  of
the  file

18 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.SSS.  
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Data  Record s:   56  bytes

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Type  of  
maneuve r

2 Format  is  XX.  
1  =  ground  track  mainten a nc e ,
2  =  inclination  maintena nc e ,
3  =  frozen  orbit  maintena nc e ,
4  =  other  orbit  change,

Time  of  
maneuve r

18 Format  is  YYYYDDD.HHMMSS.SSS.   

Burn  
dura t ion

10 Format  is  HHMMSS.SSS

Orbit  
number

6 Format  is  XXXXXX

Type  of  
const r ain t  
violation

2 Type  of  the  const ra in t  that  can  be  
violated  if maneuve r  is  not  perform ed .   
Format  is  XX.  
1  =  easte rn  ground  track  bounda ry,
2  =  weste rn  ground  track  bounda ry,*
3  =  frozen  orbit  altitude  variation
4  =  mean  local  time  upper  bounda ry,
5  =  mean  local  time  lower  bounda ry,
6  =  no  const ra in t  violation

Time  of  
const r ain t  
violation

14 Projected  time  of  const ra in t  violation.   
Format  is  YYYYDDD.HHMMSS.

* When  a  Terra  mission  violation  of  the  weste r n  ground  track  bounda ry  is  predic ted ,  this  
produc t  will  indicate  that  a  ground  track  maneuve r  is  needed,  set  the  time  of  maneuve r  to  
the  time  of  the  const rain t  violation,  and  set  the  dura tion  of  the  ‘maneuver’  to  00000.000  
seconds.  This  is  the  expected  product  output ,  such  that  the  const ra in t  violation  is  
accura t e ly  repor t ed  to  the  product  user .   The  Terra  mission  cannot  perform  a  maneuve r  to  
correc t  the  weste rn  bounda ry  violation,  as  this  would  require  a  ret rog r a d e ,  or  orbit  
lowering  maneuve r .   For  this  instance ,  the  produc t  is  repor t ing  the  violation  only,  and  
using  a  0-duration  burn  to  indicate  that  no  maneuver  is  planned.

Sampl e  Head er  Record

AM1 ORBITMANREQ 1998034.103400 1998196.013715.286 1998196.013715.286\n

Sampl e  Data  Record
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1 1998196.013715.286 000017.000 123 1 1998196.221015\n

3.25.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

The  accuracy  require m e n t s  used  to  dete rmine  the  orbits  conditions  are  the
following:

a. Ground  track  maintained  to  within  20  kilomete r s
b. Descending  node  is  maintained  at  10:30  am  (UTC)  1  minutes
c. Radial  orbit  position  repea t a bili ty  for  a  given  latitude  is  to  be  +10/–5  

kilomete r s

3.25.5 Delivery  Schedule

The  produc t  is  delivered  weekly.

3.25.6 Timespan

The  timespan  for  this  product  is  7  weeks.   If  there  is  no  maneuver  within
the  seven  weeks,  the  file  is  empty.

3.25.7 Transmission  Medium

3.25.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP .

3.25.7.2 Backup  Medium

The  produc t  is  transfe r r e d  via  FAX to  the  EOC.   

3 . 25.8 Volume  Estimate

The  volume  estimate  for  this  produc t  is  132  (=  76  +  56)  bytes  per  delivery.

3 . 2 6 Delta- V Param e t e r s  Table
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3.26.1 Descript ion

The  FDS  provides  the  EOC  with  the  command e d  V  maneuve r  burn
dura tion  (in  milliseconds)  required  to  maintain  frozen  orbit  conditions,
ground  track  repea t  limits,  and  sun  synchronous  orbit  conditions.  .

3 . 26.2 Mission  Phase

The  product  is  to  be  delivered  during  the  orbit  Launch/Acquisi tion,
Checkou t  and  Operat ional  phases .

3.26.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   DV_PARAMETERS_TBL
b. Table  Number :   106

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

3 LI ms Comman d e d  V burn  dura t ion.

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 DV_PARAMETERS_TBL  106 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

3 0\n
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3.26.4 Accuracy

There  is  no  accuracy  associat ed  with  this  product .

3 .26.5 Delivery  Schedule

The  produc t  is  a  preliminary  produc t  delivered  48  hours  prior  to  maneuve r
and  a  final  update  delivered  24  hours  prior  to  the  planned  orbit  maneuve r .

For  contingency  opera t ions  the  delivery  is  made  1  hour  prior  to  the
maneuve r .

3.26.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

3 .26.7 Transmission  Medium

3.26.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP

3.26.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 26.8 Volume  Estimate

The  volume  of  one  full  table  is  164  (=  137  +  27)  bytes.

3 . 2 7 Mass  and  Center  of  Mass  Locat io n  Estim at e s

3.27.1 Descript ion

The  FDS  delivers  to  the  EOC  an  estimate  of  the  EOS  Terra  mass  and  cente r
of  mass  location.

3.27.2 Mission  Phase

This  produc t  is  to  be  delivered  during  the  Launch/Acquisi tion  and
Opera t ional  phases .
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3.27.3 Format

Head er  Record:   76  bytes

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  Id  8 The  satellite  id  of  theTer r a  spacecraf t  
(“AM1”)

File  Type 14 This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  MCMPROD

File  
Creation  
Time

14 The  time  when  the  file  was  create d  in  
the  form.   YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

18 The  star t  time  of  the  creation  span  of  
the  file  in  the  form  
YYYYDDD.HHMMSS.SSS.

End  Time  of
the  file

18 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  
YYYYDDD.HHMMSS.SSS.   

Data  Record s:    50  bytes

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Time 18 Time  of  this  data  point.   Forma t  is  
YYYYDDD.HHMMSS.SSS.

Spacec raf t  
Mass

4 Spacec raf t  mass  in  slugs.  Format  is  
XXXX.

CM  x-
coordina t e

8 x-coordina t e  in  feet  of  the  spacec raf t  
cente r  of  mass.   Format  is  SX.XXXXX, 
where  S  =  ‘–’ for  negative  value.

CM  y-
coordina t e

8 y-coordina t e  in  feet  of  the  spacecr af t  
cente r  of  mass.   (SX.XXXXX).

CM  z-
coordina t e

8 z-coordina te  in  feet  of  the  spacecr af t  
cente r  of  mass.   (SX.XXXXX).

Sampl e  Head er  Record

AM1 MCMPROD 1998172.123005 1998172.101325.000 1998172.101325.000\n
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Sampl e  Data  Record s

1998172.101325.000 4272 2.533015 -0.1102868 -0.2025142\n

3.27.4 Accuracy

The  accuracy  is  the  best  available.

3.27.5 Delivery  Schedule

The  FDS  delivers  this  produc t  after  each  spacecr af t  orbit  adjust.

3 . 27.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

3 .27.6.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.27.6.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 27.7 Volume  Estimate

The  volume  estimate  is  126  (=  76  +  50)  bytes  per  delivery.   

3 . 2 8 Predic t e d  EOS  Terra  Rangi n g  Data  File

3.28.1 Descript ion

The  spacecraf t  ranging  data  file  contains  measure m e n t s  of  the  spacecraf t’s
range  from  White  Sands  Ground  Terminal  (WSGT  and  Second  TDRS  Ground
Terminal  (STGT)  through  TDRS,  with  a  best- effort  accuracy.   Each  data  file
day  is  to  begin  sometime  between  0000  hrs  and  the  first  AOS  after  0000  hrs
and  end  sometime  after  the  LOS  associa ted  with  the  last  AOS  before  2400
hrs.   The  data  records  are  ordered  by  first  digit  of  the  TDRS  ID  and  within
each  TDRS  grouping  they  are  in  time  order .   
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3.28.2 Mission  Phase

This  produc t  to  be  delivered  during  the  Launch/Acquisi t ion,  Checkou t  and
Opera t ional  phases .   

3 . 28.3 Format

Head er  Record:   74  bytes

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  Id  8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  FDFRANGE.

File  
Creation  
Time

14 The  time  when  the  file  was  create d  in  
the  form
YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  
the  file  in  the  form
YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  
YYYYDDD.HHMMSS.

Stepsize 5 The  stepsize  specifies  the  stepsize  to  be  
expected  in  the  data  in  seconds.   
(Usually  the  stepsize  is  60.)
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Data  Record s:   45  bytes

Field
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

TDRS  ID 6 The  Id  of  the  TDRS  that  is  used  for  the  
relevant  real- time  contact .   Valid  values
are  TDX with  X =  1,3,4,5,  
6,7,8,9,10,11,12,13,  …up  to  99.

Orbit  
Number

6 The  orbit  number  at  the  time  of  the  
data  point.   Format  is  XXXXXX.

Time  of  
data  point

14 The  time  of  the  data  point  in  the  form
YYYYDDD.HHMMSS.

TDRS  range 8 The  distance  in  mete r s  from  White  
Sands  to  TDRS.

Spacec raf t  
Range

8 The  distance  in  mete r s  from  TDRS  to  
the  EOS  Terra  Spacecraf t .   The  format  
is  XXXXXXXX.

Sampl e  Head er  Record

AM1 FDFRANGE 1999016.123005 1999017.000000 1991017.010000 60\n

Sampl e  Data  Record s

TD1 325 1999017.000000 40533298 37914908\n
TD1 325 1999017.000001 40533309 37917539\n
TD1 325 1999017.000002 40533319 37920176\n
TD1 325 1999017.000003 40533330 37922818\n

3.28.4 Accuracy

The  accuracy  is  best  effort.   

3 . 28.5 Delivery  Schedule

This  produc t  is  genera t e d  daily.

3.28.6 Timespan

The  timespan  for  this  product  is  1  day.
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3.28.7 Transmission  Medium

3.28.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.28.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.28.8 Volume  Estimate

The  volume  is  based  on  the  sum  of  header  record  size  (74  bytes)  and  data
record  size  (45  bytes)  times  time  interval  (in  seconds).   A 1  day  produc t  at
60  second  resolution  will  produce  a  file  of  approximate ly  73  KB.

3 . 2 9 Attitud e  Predic t i o n s

3.29.1 Descript ion

The  FDS  provides  the  EOC  with  predicted  spacecraf t  attitude  angles  and
rates  for  FOT  scheduled  attitude  maneuve r s .   The  predicted  attitude  datase t
reflec ts  the  attitude  maneuve r .   The  rota tion  sequence  of  the  Euler  angles  is
3-1-2  (yaw- roll- pitch).   

3 . 29.2 Mission  Phase

This  produc t  is  to  be  provided  during  all  phases .

3.29.3 Format

Head er  Record:   74  bytes

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  ID 8 The  Satellite  ID of  the  Terra  spacec raf t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.   The
only  valid  value  is  ATTITUDE.
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Creation  
Date

14 Creation  date  of  the  file  in  the  form:   
YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  
the  file  in  the  form  
YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  
the  file  in  the  form  
YYYYDDD.HHMMSS.

Stepsize 5 The  stepsize  specifies  the  stepsize  to  be
expected  in  the  data  in  seconds.
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Data  Record s:   109  bytes

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Time  of  
data  point

14 The  UTC  time  in  the  form  :  
YYYYDDD.HHMMSS

Q1  
Quate rnion  

8 Q1  Quate rnion.   Format  is  SX.XXXXX, 
where  S  =  ‘–’ if negative.   

Q2  
Quate rnion  

8 Q2  Quate rnion  (SX.XXXXX).

Q3  
Quate rnion

8 Q3  Quate rnion  (SX.XXXXX).

Q4  
Quate rnion

8 Q4  Quate rnion  (SX.XXXXX).

Roll 9 X-axis  Euler  angle  (in  degrees) .   
Format  is  SXXX.XXXX, where  S=  ‘–’ for
nega tive  values.   Range  is  -180  to  +180
degrees .

Pitch 9 Y-axis  Euler  angle  (in  degrees) .   
Format  is  SXXX.XXXX, where  S=  ‘–’ for
nega tive  values.   Range  is  -180  to  +180
degrees .

Yaw 9 Z-axis  Euler  angle  (in  degree s) .   
Format  is  SXXX.XXXX, where  S=  ‘–’ for
nega tive  values.   Range  is  -180  to  +180
degrees .

X rate 8 X rate  (degre es  per  second).   Format  is
SX.XXXXX, where  S  =  ‘–’ for  nega tive  
values.

Y rate 8 Y rate  (degrees  per  second).   
(SX.XXXXX).

Z rate 8  Z rate  (degre es  per  second).   
(SX.XXXXX).

Maneuve r  
Flag

1 Maneuve r  flag:
0  - no  maneuve r
1  - maneuve r  in  progress

Sampl e  Head er  Record

AM1 ATTITUDE 1996201.154000 1998181.1200 1998181.1202 60\n
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Sampl e  Data  Record s

1998181.120000 0.27059 -0.65328 0.27059 0.653281 0.0000 -89.9999 \
5.0000 0.000000 -0.06000 0.000000 0\n
1998181.120100  0.27201 -0.65669 0.26917 0.649851 0.0000 -90.5998 \
45.0001 0.000000 -0.06000 0.000000 0\n
1998181.120200  0.27341 -0.66009 0.26775 0.646405 -0.0001 -91.2002 \
44.9999 0.000000 -0.06000 0.000000 0\n

3.29.4 Accuracy

There  is  no  associat ed  accuracy  with  this  product .   The  stated  accuracy  is
best  effort .  

3 . 29.5 Delivery  Schedule

The  produc t  is  delivered  as  needed.

3.29.6 Timespan

There  is  no  set  timespan  for  this  data.

3.29.7 Transmission  Medium

3.29.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.29.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 29.8 Volume  Estimate

The  volume  is  based  on  a  74  byte  heade r  record  and  109  bytes  per  data  
record.   The  volume  is  depende n t  on  the  time  length.   A one  day  prediction  
at  a  one  minute  resolution  will  produce  a  file  containing  approximat e ly  157  
KB.

3 . 3 0 Predic t e d  Orbita l  Event s

3.30.1 Descript ion
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The  orbital  events  data  file  provides  a  time  ordered  set  of  orbital  events ,
genera t e d  in  the  J2000  coordina te  system:

a. Nadir  Termina to r  Crossing (EOS  AM-1  DMR:  
7300- 20)

b. S/C  Day- to- Night  and  Night- to- Day  transi tion  times (EOS  AM-1  DMR:
7300- 8)

c. Time  of  S/C  noon (EOS  AM-1  DMR:  7300- 17)
d. Time  of  S/C  minimum  and  maximum  latitudes (EOS  AM-1  DMR:  

7300- 19)
e. S/C  Ascending  and  Descending  Nodes (EOS  AM-1  DMR:  

7300- 14)
f. Solar  Eclipse  Entry/Exit (EOS  AM-1  DMR:  

7300- 4)
g. South  Atlantic  Anomaly  Entry/Exit (EOS  AM-1  DMR:  

7300- 5)

All  shadow  times  are  to  be  computed  relative  to  the  umbra  entranc e/ exit ,
not  the  penumb r a  entrance/ exit .

The  SAA  is  modeled  as  the  rectang ula r  region  betwee n  45  South  latitude
and  11  South  latitude ,  and  between  68  East  longitude  and  12  East
longitude.

3.30.2 Mission  Phase

This  produc t  is  to  be  provided  during  all  mission  phases .  
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3.30.3 Format

Head er  Record:   68  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  ID 8 Satellite  ID for  the  Terra  spacec raf t  
(“AM1”).   

File  Type 14 This  field  indicate s  the  type  of  file.   The  
only  valid  value  is  ORB_EVENT.

Creation  
Date

14 Creation  date  of  the  file  in  the  form:   
YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.
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Data  Record s:  65  bytes.
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Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Event  Type 32 Valid  values  are  :
S/C_Day/Ni g h t  - time  of  s/c  transi tion  

from  day  to  night
S/C_Nig h t / D ay  - time  of  s/c  transi tion  

from  night  to  day
Nadir_Ter m_Cros s i n g_t o_Day - time  of  

S/C  nadir  termina to r  crossing  from  
night  to  day  side

Nadir_Ter m_Cros s i n g_t o_Ni g h t  - time  
of  S/C  nadir  termina to r  crossing  from  
day  to  night  side

S/C_Noo n  - time  of  midpoint  between  
star t  and  end  of  spacecraf t  day

S/C_Mini m u m_Lati t u d e  - time  of  
crossing  s/c  minimum  latitude

S/C_Maxim u m_Lat i tu d e  - time  of  
crossing  s/c  maximum  latitude

Nod e_Asc e n d i n g  - S/C  ascending  node  
time  of  crossing  and  longitude  (see  
below)

Nod e_D e s c e n d i n g  - S/C  descending  node
time  of  crossing  and  longitude  (see  
below  )

Solar_Ecl ip s e_En try  - predicted  solar  
eclipse  (lunar  occulta tion)  entry  time  of  
subsa t ellite  point

Solar_Ecl ip s e_Exit  - predicted  solar  
eclipse  (lunar  occulta tion)  exit  time  of  
subsa t ellite  point

SAA_Entry  - South  Atlantic  Anomaly  
entranc e  time

SAA_Exit  - South  Atlantic  Anomaly  exit  
time

Time 14 The  time  of  the  event  in  the  form  
YYYYDDD.HHMMSS

Orbit  
Number

6 The  numbe r  of  the  orbit  in  which  this  
event  takes  place.   Format  is  XXXXXX.
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Sequenc e  
Number

4 The  numbe r  in  order  of  this  type  of  event  
as  it  occurs  within  an  orbit.  First  
occur re nc e  is  marked  as  1.

Longitude 6  Contains  the  longitude  of  the  ascending  
or  descending  nodes  in  degrees  East  (0  - 
360).   For  all  other  event  types  this  value  
is  filled  with  a  blank  charac t e r .   Forma t  is  
XXX.XX.

Sampl e  Head er  Record

AM1 ORB_EVENT 1996151.143023 1998171.170000 1998171.220000\n

Sampl e  Data  Record s

Node_Ascending 1998171.180557 151 1 62.00\n
S/C_Night/Day 1998171.181513 151 1  \n
Nadir_Term_Crossing_To_Day 1998171.182028 151 1  \n
S/C_Maximum_Latitude 1998171.183046 151 1  \n
S/C_Noon 1998171.183500 151 1  \n
Solar_Eclipse_Entry 1998171.183850 151 1  \n
Solar_Eclipse_Exit 1998171.184526 151 1  \n
Node_Descending 1998171.185519 151 1 230.00\n
Nadir_Term_Crossing_To_Night 1998171.191502 151 2  \n
S/C_Day/Night 1998171.191941 151 1  \n
S/C_Minimum Latitude 1998171.191946 151 1  \n
Node_Ascending 1998171.194450 152 1 38.00\n
SAA_Entry 1998171.211542 151 1  \n
SAA_Exit 1998171.212323 151 1  \n

Note: The  records  whose  Event  Type  values  are  neither  “Node_Ascending”  
nor  “Node_Descending”  have  two  blank  charac t e r s  (i.e.,  ‘ ’‘ ’) 
between  the  “Sequence  Number”  field  and  the  record  termina to r  (i.e.,
‘\n’).

3 . 30.4 Accuracy

Accuracy  require m e n t s  associa ted  with  each  event  are  as  follows:

a. Nadir  termina to r  crossing  to  day  (night) 1  second  after  9  days
                                                                        0.04  sec  after  40  hours  

b. S/C  day/night  and  night/day  transi tion 1  second  after  9  days
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c. Time  of  S/C  noon 1  second  after  9  days
d. Time  of  S/C  minimum/maximu m  latitudes 1  second  after  9  days;
                                                                              0.04  sec  after  40  hours
e. S/C  ascending  and  descending  nodes 1  second  after  9  days
                                                                              0.01  degree  in  longitude
after  9  days

                                                                              0.04  seconds  after  40
hours
                                                                              0.0009  degree  in  
longitude  after  40
                                                                              hours

f. Solar  eclipse  entry/exit best  available
g. South  Atlantic  Anomaly  entry/exit  1  second  after  9  days

3.30.5 Delivery  Schedule

The  seven- week  produc t  is  to  be  delivered  weekly;  the  seven- day  produc t
daily.

3.30.6 Timespan

The  timespans  are  7  weeks  for  a  seven- week  produc t  and  7  days  for  a
seven-  day  produc t .

3 .30.7 Transmission  Medium

3.30.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.30.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 30.8 Volume  Estimate

The  volume  estimate  is  68  bytes  +  (65  bytes  *  numbe r  of  prediction
records).
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3 . 3 1 Plann e d  Orbit  Mane uv er  Datas e t

3.31.1 Descript ion

The  FDS  provides  the  EOC  with  predicted  times  of  planned  spacec raf t  orbit
maneuve r s .

3.31.2 Mission  Phase

This  produc t  is  to  be  delivered  during  all  phases .

3.31.3 Format

Head er  Record:   76  bytes

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  Id  8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  MNVRTIME.

File  
Creation  
Time

14 The  time  when  the  file  was  create d  in  
the  form.   YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

18 The  star t  time  of  the  creation  span  of  
the  file  in  the  form  
YYYYDDD.HHMMSS.SSS.

End  Time  of
the  file

18 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  
YYYYDDD.HHMMSS.SSS.   

Data  Record s:   24  bytes

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Time  of  
Maneuve r

18 Format  is  YYYYDDD.HHMMSS.SSS.

Orbit  
Number

6 Orbit  number  at  the  time  of  maneuve r .   
Format  is  XXXXXX.
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Sampl e  Head er  Record

AM1 MNVRTIME 1998202.000000 1998202.111031.604 1998233.111050.323\n

Sampl e  Data  Record s

1998202.111031.604 12345\n
1998233.111050.323 12345\n

3.31.4 Accuracy

The  accuracy  is  1  orbit  for  the  weekly  delivery  and  1  day  at  6  months  for  
the  monthly  delivery.

3.31.5 Delivery  Schedule

The  7-week  produc t  is  delivered  weekly  and  the  78- week  product  is
delivered  monthly.

3.31.6 Timespan

The  produc ts  have  a  7  week  and  a  78  week  timespa n.

3.31.7 Transmission  Medium

3.31.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.31.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 31.8 Volume  Estimate

The  volume  estimate  is  based  on  a  76- byte  heade r  record  and  24- byte  data
records .   
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3 . 3 2 Solar/Lun ar  Azimut h  and  Elevatio n  Angle s  

3.32.1 Descript ion

The  Sun/Moon  Azimuth  and  Elevation  Angles  data  file  provides  a  time  
ordered  set  of  sun/moon  azimuth  and  elevation  angles  in  an  instrum e n t  
defined  coordina t e  frame.   The  Sun  Azimuth  and  Elevation  Angles  data  are  
required  for  CERES,  MOPITT  and  MODIS  instrume n t  planning.   In  the  
context  of  this  produc t ,  MOPITT  will  share  the  MODIS  coordina t e  frame.   
Therefore  angles  are  provided  for  CERES  and  MODIS  only.   The  Moon  
Azimuth  and  Elevation  Angles  data  are  required  for  MODIS  and  CERES.   
The  same  format  applies  to  the  data  files  for  each  instrum e n t .   

The  coordina t e  frame  for  MODIS  instrum e n t  was  provided  to  FDS  by
Lockheed- Martin .   For  the  CERES  instrume n t ,  the  azimuth  angles  of  the  sun
(moon)  are  measu re d  in  the  XY-plane  of  the  Terra  spacecraf t .   The  angles
are  measu re d  positive,  as  a  right- handed  rotation  about  the  positive  Z-axis
from  the  negative  Y-axis  of  the  spacecraf t .   The  CERES  solar  (lunar)
elevation  angles  are  positive  when  the  sun  (moon)  is  above  the  XY-plane.

The  heade r  record  specifies  the  instrum e n t  for  which  the  file  applies  and
the  time  span  covered  by  the  data  in  the  file  as  star t  and  end  times.   This
produc t  is  genera t e d  using  a  nominal  predicted  mission  atti tude ,  unless
attitude  maneuve r s  are  to  be  performe d.   

3 . 32.2 Mission  Phase

This  produc t  is  to  be  delivered  during  the  Checkou t  and  Opera t ional  phases .
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3.32.3 Format

Head er  Record:   83  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  ID 8 The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).   

File  Type 14 This  field  indicate s  the  type  of  file.   The  
only  valid  value  is  SUN_AZ_EL  and  
MOON_AZ_EL.

File  
Creation  
Time

14 Creation  date  of  the  file  in  the  form:   
YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  
the  file  in  the  form  
YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the
file  in  the  form  YYYYDDD.HHMMSS.

Stepsize 5 The  stepsize  between  data  points.   The  
value  is  in  seconds.   Nominal  value  is  30
for  CERES  solar/luna r  azimuth  and  
elevation  angles.

Instrum e n t 8 Instrum e n t  for  which  these  angles  
apply.   The  only  valid  value  is  “CERES”  
or  “MODIS”.
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Data  Record s:  33  bytes

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Time 14 The  time  of  data  point  that  this  record  
contains .   Format  is   
YYYYDDD.HHMMSS.

Azimuth 9 Azimuth  angle  for  specified  instrum e n t  
(and  corresponding  defined  coordina t e  
frame)  in  degrees .  
It  ranges  from  0  to  360  for  CERES  and  
from  –180  to  +180  for  MODIS.  Format  
is  SXXX.XXXX, where  S  =  ‘–’ for  
nega tive  values.

Elevation 8 Elevation  angle  for  specified  instrum e n t
( and  corresponding  defined  coordina t e  
frame)  in  degrees
 (–90  to  +90).  Format  is  SXX.XXXX, 
where  S  =  ‘–’ for  negative  values.

Sampl e  Head er  Record

AM1 SUN_AZ_EL 2000068.000000 2000070.000000 2000072.235900 60 CERES\n

Sampl e  Data  Record s

2000070.100000 317.5437 83.7649\n
2000070.100100 318.8762 85.6745\n

3.32.4 Accuracy

The  accuracy  required  is  0.07  degree  at  9  days.

3.32.5 Delivery  Schedule

The  produc t  is  delivered  weekly  (7-week  produc t)  and  daily  (7-day  produc t) .

3 . 32.6 Timespan

The  produc ts  have  a  7  week  and  7  day  timespans .
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3.32.7 Transmission  Medium

3.32.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.32.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 32.8 Volume  Estimate

The  volume  estimate  is  (83  +  33  * (number  of  data  record))  bytes.

3 . 3 3 Solar  Beta  Angle s

3.33.1 Descript ion

The  Solar  Beta  Angles  file  contains  the  data  values  of  the  solar  beta  angle
for  a  given  time  span.   The  file  is  used  as  a  planning  aid  for  all  AM1
instrum e n t s .   The  file  contains  a  heade r  record  with  att ribute s  such  as
spacecr af t  ID,  file  type,  file  crea t ion  date  and  time,  and  the  time  span  of  the
data  in  the  file.   Each  data  record  will  consist  of  a  time  tag  and  solar  beta
angle  in  degrees .   Note:   The  solar  beta  angle  is  defined  as  the  angle
between  the  Earth- to- Sun  vector  and  the  orbital  plane.   The  angle  is
measur e d  in  the  plane  formed  by  the  Earth- to- Sun  vector  and  the  angula r
momentu m  vector.

3 .33.2 Mission  Phase

This  produc t  is  to  be  delivered  during  the  Checkou t  and  Opera t ional  phases .
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3.33.3 Format

Head er  Record:   74  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  ID 8 The  Satellite  ID of  the  Terra  spacec raf t  
(“AM1”).

File  Type 14 The  file  type  will  dete rmine  file  conten t s .  
The  valid  value  for  this  field  SOL_BETA.

File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Stepsize 5 The  stepsize  between  data  points.   Value  
is  in  orbit  periods  (default  is  1).

Data  Record s:  23  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Time  of  
data  point

14 The  time  of  the  data  point  that  this  
record  contains.   Format  is  
YYYYDDD.HHMMSS.

Solar  Beta  
angle

8 The  solar  beta  angle  in  units  of  degrees .  
The  valid  range  is  –90  to  +90  (for  Terra  
the  range  is  13  to  31  degrees).  Format  is
SXX.XXXX, where  S  =  ‘–’ if negative.  

Sampl e  Head er  Record

AM1 SOL_BETA 1995226.162500 1999165.000000 1999199.000000 1\n

Sampl e  Data  Record s

1999165.000000 17.3513\n
1999165.000100 17.3516\n
1999165.000200 17.3519\n
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1999165.000300 17.3522\n
1999165.000400 17.3525\n
1999165.000500 17.3528\n
1999165.000600 17.3531\n

3.33.4 Accuracy

The  accuracy  for  this  produc t  is  0.07  degree s  after  9  days.   The  inter- record
time  interval  is  set  at  one  orbit  period.   Angles  are  repor t ed  at  the
descending  node.

3.33.5 Delivery  Schedule

The  product  is  to  be  delivered  weekly  (7-week  produc t)  and  daily  (7-day
produc t) .

3 . 33.6 Timespan

The  timespans  for  the  produc ts  are  7  weeks  and  7  days.

3.33.7 Transmission  Medium

3.33.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.33.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 33.8 Volume  Estimate

The  volumes  estimate  is  (74  +  23  * (numbe r  of  data  records))  bytes.

3 . 3 4 Predic t e d  Local  Sun  Time

3.34.1 Descript ion

The  FDS  provides  the  EOC  with  the  predicted  local  sun  time  at  the
ascending  and  descending  nodes  versus  time.
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3.34.2 Mission  Phase

This  produc t  is  delivered  during  the  Checkout  and  Operat ional  phases .

3.34.3 Format

Head er  Record:   68  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  ID 8 The  Satellite  ID of  the  Terra  spacec raf t  
(“AM1”).

File  Type 14 The  file  type  will  dete rmine  file  conten t s .  
The  valid  value  for  this  field  LOCALSUN.

File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Data  Record s:  23  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Time  of  
data  point

14 The  time  of  the  data  point  that  this  
record  contains.   Format  is  
YYYYDDD.HHMMSS  (in  UTC).

Local  sun  
time

6 Local  sun  time;   Range  from  0  to  24  
hours
format  is  HHMMSS.

AN/DN  
indicato r

1 Indicato r  for  ascending  or  descending  
node.
Values  are  0  =  ascending,  1  =  
descending

Exampl e  of  Head er  record:

AM1 LOCALSUN 1999256.123000 1999257.003000 1999264.003000\n
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Exampl e  of  Data  record:

1999257.003002 123022 0\n
1999257.020112 140122 1\n

3.34.4 Accuracy

The  product  is  to  have  an  accuracy  of  1  second  at  the  end  of  a  9  day
prediction.

3.34.5 Delivery  Schedule

The  produc t  is  delivered  weekly  (7  week  produc t)  and  daily  (7  day  product) .

3 . 34.6 Timespan

The  timespans  for  this  produc t  are  7  weeks  and  7  days.

3.34.7 Transmission  Medium

3.34.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.34.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 34.8 Volume  Estimate

The  volume  estimate  is  (68  +  23  * number  of  data  records)  bytes.   For  a
seven- day  produc t  the  volume  estimate  is  5.2  KB.   For  a  seven  week  produc t
the  estimate  is  36.1  KB.

3 . 3 5 Lunar  Beta  Angle s

3.35.1 Descript ion

The  Lunar  Beta  Angles  file  contains  the  data  values  of  the  lunar  beta  angle
for  a  given  time  span.   The  file  is  used  as  a  planning  aid  for  all  Terra
instrum e n t s .   The  file  contains  a  heade r  record  with  att ribute s  such  as
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spacecr af t  ID,  file  type,  file  crea t ion  date  and  time,  and  the  time  span  of  the
data  in  file.   Each  data  record  consis ts  of  a  time  tag  and  lunar  beta  angle  in
degrees .   The  stepsize  is  to  be  one  angle  output  every  3600  sec.

Note: The  lunar  beta  angle  is  defined  as  the  celes tial  latitude  of  the
Earth- to- Moon  vector  measu re d  from  the  ecliptic  plane,  positive  to  the
north,  negative  to  the  south.

3.35.2 Mission  Phase

This  produc t  is  delivered  during  the  Checkout  and  Operat ional  phases .

3.35.3 Format

Head er  Record:   72  bytes.

Field  Nam e Maxim u m
Field

Width

Des cr ipt i o n

Satellite  ID 8 The  Satellite  ID of  the  Terra  spacec raf t  
(“AM1”).

File  Type 14 The  file  type  will  dete rmine  file  conten t s .  
The  valid  value  for  this  field  LUN_BETA.

File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  Time  
of  the  File

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of  
the  File

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Stepsize 5 The  stepsize  between  data  points.   Value  
is  in  seconds.  
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Data  Record s:   23  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Time  of  
Data  Point

14 The  time  of  the  data  point  that  this  
record  contains.   Format  is  
YYYYDDD.HHMMSS.

Lunar  Beta  
Angle

8 The  lunar  beta  angle  in  units  of  degree s .  
The  valid  range  is  –90  to  +90.  Format  is  
SXX.XXXX, where  S  =  ‘–’ for  nega tive  
values.  

Sampl e  Head er  Record

AM1 LUN_BETA 1995226.162500 1999165.000000 1999199.000000 3600\n

Sampl e  Data  Record s

1999165.010000 27.3513\n
1999165.020000 27.7514\n
1999165.030000 28.1523\n
1999165.040000 28.2514\n
1999165.050000 28.6513\n
1999165.060000 29.0393\n

3.35.4 Accuracy

The  accuracy  of  this  produc t  is  such  that  the  error  is  to  be  under  0.07
degree  at  the  end  of  9  days.   

3 . 35.5 Delivery  Schedule

The  produc t  is  delivered  weekly.

3.35.6 Timespan

The  timespans  for  the  produc t  is  7  weeks.

3.35.7 Transmission  Medium

3.35.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.
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3.35.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.35.8 Volume  Estimate

The  volumes  estimate  are  based  on  72  bytes  heade r  and  23  byte  data
records .   For  a  one  week  prediction  at  a  three  minute  resolution  the  volume
for  the  file  would  be  approximate ly  0.1  Mb.   

3 . 3 6 MODIS  Sun  and  Moon  FOV  Event s

3.36.1 Descript ion

The  MODIS  FOV  Events  data  file  provides  a  time  ordered  set  of  predicted
instrum e n t  FOV  events.   The  parame t e r s  defining  the  field  of  view  were
provided  by  Lockheed- Martin.   The  heade r  record  specifies  the  time  span
covered  by  the  data  in  the  file  as  star t  and  end  times.   The  data  record
contains  the  event  type,  time  of  the  event,  orbit  number  of  the  event ,  and
sequence  number  of  the  event  relative  to  other  events  of  the  same  type
within  that  orbit.   This  produc t  is  genera t e d  using  a  nominal  predicted
mission  atti tude ,  unless  attitude  maneuve r s  are  to  be  performe d.

3.36.2 Mission  Phase

The  produc t  is  to  be  provided  during  the  Checkout  and  Opera t ional  phases .
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3.36.3 Format

Head er  Record:   77  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  ID 8 8-charac t e r  spacecraf t  identifier .   The  
only  valid  value  for  this  spacecraf t  is  
“AM1”.

File  Type 14 This  field  indicate s  the  type  of  file.   The  
only  valid  value  is  SM_FOV_EVENT

Creation  
Date

14 Creation  date  of  the  file  in  the  form:   
YYYYDDD.HHMMSS

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Instrum e n t  
ID

8 5-charac t e r  instrum e n t  identifier .  The  
valid  value  is  “MODIS”.

Data  Record s:  58  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Instrum e n t  
Viewpor t

32 Valid  values  are:   
Spac ev i e w,  Diffus er

Event  Type 32 Valid  values  are  :
Sun_Entry,  Moon_Entry,  Sun_Exit ,  
Moon_Exit

Time 14 The  time  of  the  event  in  the  form  
YYYYDDD.HHMMSS

Orbit  
Number

6 The  numbe r  of  the  orbit  in  which  this  
event  takes  place.   Format  is  XXXXXX.

Sequenc e  
Number

4 The  numbe r  in  order  of  this  type  of  event  
as  it  occurs  within  an  orbit.

Entry  events  per tain  to  predicted  FOV  entry  time.
Exit  events  pertain  to  predicted  FOV  exit  time.

Sampl e  Head er  Record
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AM1 SM_FOV_EVENT 1999230.000000 1999232.000000 1999234.235900 MODIS\n

Sampl e  Data  Record s

Spaceview Sun_Entry 1999232.100000 72 1\n

3.36.4 Accuracy

The  accuracy  for  these  produc ts  is  to  be  1  sec  at  the  end  of  9  days.

3.36.5 Delivery  Schedule

The  delivery  schedule  for  these  product s  are  weekly  (7-week  product)  and
daily  (7-day  produc t) .

3 . 36.6 Timespan

The  timespans  for  the  produc ts  are  7  weeks  and  7  days.

3.36.7 Transmission  Medium

3.36.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.36.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 36.8 Volume  Estimate

The  volume  estimate  is  (77  +  58  bytes  * number  of  data  records)  bytes  per
instrum e n t .

3 . 3 7 MODIS  Plan e t s  and  Stars  FOV  Event s
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3.37.1 Descript ion

The  MODIS  FOV  Events  data  file  provides  a  time  ordered  set  of  predicted
FOV  events.   The  param e t e r s  defining  the  field  of  view  were  provided  by
Lockheed- Martin.   The  heade r  record  specifies  the  time  span  covered  by  the
data  in  the  file  as  star t  and  end  times.   The  data  record  contains  the  event
type,  time  of  the  event ,  orbit  number  of  the  event,  star  name  and  sequence
numbe r  of  the  event  relative  to  other  events  of  the  same  type  within  that
orbit.   This  product  is  to  be  genera t e d  using  a  nominal  predicted  mission
attitude ,  unless  attitude  maneuve r s  are  to  be  perform ed .

3.37.2 Mission  Phase

The  produc t  is  provided  during  the  Checkou t  and  Opera t ional  phases .

3.37.3 Format

Head er  Record:   77  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  ID 8 8-charac t e r  spacecraf t  identifier .   The  
only  valid  value  for  this  spacecraf t  is  
“AM1”.

File  Type 14 This  field  indicate s  the  type  of  file.   The  
only  valid  value  is  “PS_FOV_EVENT”.

Creation  
Date

14 Creation  date  of  the  file  in  the  form:   
YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Instrum e n t  
ID

5 Instrum e n t  identifier .   The  valid  value  is  
“MODIS”.  
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Data  Record s:  67  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Instrum e n t  
Viewpor t

32 Valid  values  are:   
Spac ev i e w,  Diffus er

Event  Type 32 Valid  values  are  :
Star_Entry,
Star_Exit,
Mercury_Entry,
Mercury_Exit ,  
Venu s_Entry,  
Venu s_Exit ,  
Mars_Entry,  
Mars_Exit ,  
Jupiter_Entry,  
Jupiter_Exit ,  
Saturn_Entry,
Saturn_Exit ,  
Uran u s_Entry,  
Uran u s_Exit ,  
Neptu n e_En try,  
Neptu n e_Exi t ,  
Pluto_Entry,  
Pluto_Exit

Time 14 The  time  of  the  event  in  the  form  
YYYYDDD.HHMMSS.

Orbit  
Number

6 The  numbe r  of  the  orbit  in  which  this  
event  takes  place.   Format  is  XXXXXX.

Sequenc e  
Number

4 The  numbe r  in  order  of  this  type  of  event  
as  it  occurs  within  an  orbit.

Star  Name 12 Valid  values  are:   Alpha_Crucis,  Antares ,  
Arcturus ,  Betelgeus e ,  Canopus,  Kent,  
Mira,  Rigel,  Sirius,  or  0  if event  is  not  a  
star .

Entry  events  per tain  to  predicted  FOV  entry  time.
Exit  events  pertain  to  predicted  FOV  exit  time.

Sampl e  Head er  Record
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AM1 PS_FOV_EVENT 1999230.000000 1999232.000000 1999234.235900 MODIS\n

Sampl e  Data  Record s

Spaceview Star_Entry 1999232.110030 72 1 Sirius\n
Diffuser Mars_Entry 1999232.110100 72 5 0\n
Diffuser Mars_Exit 1999232.121400 72 7 0\n

3.37.4 Accuracy

The  accuracy  for  these  produc ts  is  to  be  1  sec  at  the  end  of  9  days.

3.37.5 Delivery  Schedule

The  delivery  schedule  for  these  product s  are  weekly  (7-week  product)  and
daily  (7-day  produc t) .

3 . 37.6 Timespan

The  timespans  for  the  produc ts  are  7  weeks  and  7  days.

3.37.7 Transmission  Medium

3.37.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.37.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.37.8 Volume  Estimate

The  volume  estimate  is  77  bytes  +  (67  bytes  * numbe r  of  data  records)  per
instrum e n t .

3 . 3 8 Predic t e d  Sub- Satel l i t e  Point  (Groun d  Track)

3.38.1 Descript ion
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The  FDS  provides  the  EOC  with  the  EOS  Terra  predicted  sub- satellite  point
on  the  ear th’s  surface .   This  prediction  produces  a  longitude  and  latitude  for
the  spacecraf t’s  nadir  projec tion  onto  the  ear th’s  surface.

3.38.2 Mission  Phase

This  produc t  is  delivered  during  all  phases .

3.38.3 Format

Head er  Record:   74  bytes.

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  ID 8 The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  AM1GRNDTRCK.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS.   

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.   

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.   

Stepsize 5 The  stepsize  specifies  the  stepsize  to  be  
expected  in  the  data  in  seconds.

Data  Record s:  38  bytes.

Field
Nam e

Maxim u m
Field

Width

Descript i o n

Time  of  
data  point

14 The  time  of  the  data  point  in  the  form  
YYYYDDD.HHMMSS.

Orbit  
number

6 The  orbit  number  at  the  time  of  data  
point.   The  format  is  XXXXXX.

Latitude 8 The  latitude  of  the  subsat elli te  point  in  
degree .   The  valid  range  of  values  is  –90  
to  +90.   The  format  is  SXX.XXXX, with  S  
=  ‘–’ for  nega tive  values.
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Longitude 8 The  longitude  of  the  subsa t elli te  point  in  

degree  East.  The  valid  range  of  values  is  0
to  360.   The  format  is  XXX.XXXX.  

Sampl e  head er  record:

AM1 AM1GRNDTRCK 1996124.140025 1998171.170000 1998171.180000 120\n

Sampl e  data  record:

1998171.170000 150 59.0242 272.7583\n

3.38.4 Accuracy

The  accuracies  for  this  produc t  are  as  follows:

a. 0.005  degree  at  40  hours  at  the  equato r  for  latitude
b. 0.0009  degree  at  40  hours  at  the  equato r  for  longitude

3.38.5 Delivery  Schedule

The  produc t  is  delivered  weekly  (7  week  produc t)  and  daily  (7  day  product) .

3 . 38.6 Timespan

The  produc ts  is  genera t e d  for  a  7  weeks  and  a  7  day  timespan .

3.38.7 Transmission  Medium

3.38.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.38.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 38.8 Volume  Estimate

The  volume  estimate  is  (74  +  38  bytes  * number  of  data  records)  bytes.   For
a  one  minute  resolution  and  for  a  7  day  produc t  the  volume  is  approximat ely
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0.4  Mb.   For  a  one  minute  resolu tion  and  for  a  7  week  produc t  the  volume
would  be  approximate ly  2.9  Mb.

3 . 3 9 Predic t e d  Spac e cr a f t  Altitud e

3.39.1 Descript ion

The  spacecraf t  altitude  file  contains  the  altitude  data  values  of  the  Terra
spacecr af t  for  a  given  time  span.   The  file  is  used  as  a  planning  aid  for  the
CERES  instrum e n t .   Altitude  data  are  with  respec t  to  geocen t r ic
coordina t e s .   

3 . 39.2 Mission  Phase

This  produc t  is  to  be  delivered  during  all  mission  phases .

3.39.3 Format

Head er  Record:   74  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  Id  8 The  Satellite  Id  of  the  Terra  spacecr af t  
(“AM1”).

File  Type 14 The  file  type  will  dete rmine  file  conten t s .  
The  valid  value  for  this  field  AM1_ALT.

File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Stepsize 5 The  stepsize  between  data  points.   Value  
is  in  seconds.  
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Data  Record s:  25  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Time  of  
data  point

14 The  time  of  the  data  point  that  this  
record  contains.   Format  is  
YYYYDDD.HHMMSS.

Altitude 10 The  altitude  of  the  AM1  spacecraf t   in  
units  of  kilomete r s .   The  format  is  
XXXXX.XXXX

Sampl e  Head er  Record

AM1 AM1_ALT 1995226.162500 1999165.000000 1999168.000000 1\n

Sampl e  Data  Record s

1999165.000000 787.3513\n
1999165.000001 787.7514\n
1999165.000002 788.1523\n
1999165.000003 788.2514\n
1999165.000004 788.6513\n
1999165.000005 789.0393\n
1999165.000006 789.4513\n

3.39.4 Accuracy

The  accuracy  for  these  produc ts  is  30  mete r s  at  the  end  of  a  40  hours
prediction.   

3 . 39.5 Delivery  Schedule

The  produc ts  is  delivered  weekly  (7-week  produc t)  and  daily  (7-day
produc t) .  

3 . 39.6 Timespan

The  produc ts  timespa ns  are  7  weeks  and  7  days.
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3.39.7 Transmission  Medium

3.39.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.39.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.39.8 Volume  Estimate

The  volume  estimate  is  (74  +  25  bytes  * numbe r  of  data  records).   For  a  one
minute  resolution  and  a  7  day  timespa n  the  volume  is  approximate ly  0.3
Mb.   For  a  one  minute  resolu tion  and  a  7  week  timespa n  the  volume  is
approxima te ly  2.3  Mb.

3 . 4 0 Predic t e d  Spac e cr a f t  Day/Ni g h t  Length

3.40.1 Descript ion

The  FDS  genera t e s  a  product  to  be  transfe r r e d  to  the  EOC  for  the  predicted
length  of  the  spacecraf t  day  and  night.

3 .40.2 Mission  Phase

This  produc t  is  delivered  during  all  mission  phases .   All times  are  computed
relative  to  the  umbra  entranc e/ exit ,  not  the  penumbr a  entrance /exit .
Products  for  only  complete  days  and  nights  are  provided.   Products  for
incomple t e  day/night  dura t ions  (due  to  ephem e r is  star t  or  end  time  being  in
the  middle  of  a  day  or  night)  will  not  be  provided.

3.40.3 Format

Head er  Record:   68  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n
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Satellite  ID 8 The  Satellite  ID of  the  Terra  spacec raf t  

(“AM1”).
File  Type 14 The  file  type  will  dete rmine  file  conten t s .  

The  valid  value  for  this  field  DAYNIGHT.
File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Data  Record s:  55  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Star t  Time  
of   S/C  Day

14 The  time  of  the  data  point  that  this  
record  contains.   Format  is  
YYYYDDD.HHMMSS.

Length  of  
S/C  Day

6 Range  is  0  to  24  hours.   Format  is  
HHMMSS  

Star t  Time  
of  S/C  Night

14 The  time  of  the  data  point  that  this  
record  contains.   Format  is  
YYYYDDD.HHMMSS.

Length  of  
S/C  Night

6 Range  is  0  to  24  hours.   Format  is  
HHMMSS

Orbit  
Number  at  
S/C  Day

6 Orbit  number  of  the  star t  of  S/C  day.   
Format  is  XXXXXX.

Orbit  
Number  at  
S/C  Night

6 Orbit  number  of  the  star t  of  S/C  night.   
Format  is  XXXXXX.

Exampl e  of  Head er  record:

AM1 DAYNIGHT 1999235.123001 1999236.000000 1999242.000000\n

Exampl e  of  Data  record:

1999236.0132 183225 1999236.2235 152735 123 123\n
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3.40.4 Accuracy

The  accuracy  for  these  produc ts  is  to  be  1  second  at  the  end  of  a  21  day
prediction.

3.40.5 Delivery  Schedule

The  produc t  is  delivered  weekly  (7-week  produc t)  and  daily  (7-day  produc t) .

3 . 40.6 Timespans

The  timespans  for  these  produc ts  are  7  weeks  and  7  days.

3.40.7 Transmission  Medium

3.40.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.40.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 40.8 Volume  Estimate

The  volume  estimate  is  68  bytes  +  (55  bytes  * numbe r  of  data  records).   For
a  seven  day  produc t  the  estimate  is  5.6  KB.   For  a  seven  week  produc t  the  
estimate  is  39.2  KB.

3 . 4 1 Terra  State  Error  Covarian c e  Matrix

3.41.1 Descript ion

The  FDS  will  provide  the  EOC  with  the  EOS  Terra  state  error  covariance
matrix  produc t ,  which  togethe r  with  the  EOS  Terra  state  vector  produc t
(Section  3.56)  is  used  for  initializing  the  TONS  filter.

3 . 41.2 Mission  Phase

This  produc t  is  delivered  during  all  mission  phases .
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3.41.3 Format

This  table  will  contain  a  9x9  matrix  of  the  EOS  Terra  state  error  covariance .

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   STATE_ERROR_COV_TABLE
b. Table  Number :   279

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1  through  
81

LF see  
ref.  8

(p,  q)  element  of  the  error  covariance  
matrix,  where
p  =  (N-1)/9  +  1,  
q  =  (N-1)%9  +  1,
N  =  table  field  numbe r  (1,...,  81)

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 STATE_ERROR_COV_TABLE 279 5 \
1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 0.0000000000E+00\n
2 0.0000000000E+00\n
.
.
81 0.0000000000E+00\n

3.41.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   
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3.41.5 Delivery  Schedule

The  produc t  is  delivered  as  needed  during  all  mission  phases .

3.41.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

3 .41.7 Transmission  Medium

3.41.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.41.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 41.8 Volume  Estimate

The  volume  of  one  full  table  is  2,324  (=  137  +  81*27)  bytes.

3 . 4 2 (Del e t e d )

3 . 4 3 (Del e t e d )

3 . 4 4 (Move d  to  Sect io n  7 )

3 . 4 5 (Del e t e d )

3 . 4 6 (Del e t e d )

3 . 4 7 (Del e t e d )
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3 . 4 8 (Move d  to  Sect io n  7 )

3 . 4 9 Local   Oscil la tor  Frequ e n c y  Report

3.49.1 Descript ion

The  FDS  will  provide  the  EOC  with  an  independ e n t  estimate  of  the
spacecr af t  Ku-band  oscillator  frequency  bias  and  drift.   This  local  oscillator
frequency  (LOF)  repor t  is  genera t e d  by  the  Flight  Dynamics  Facility  (FDF)
and  transfe r r e d  to  the  FDS  via  SFTP.   The  FDS  is  responsible  for  forwarding
this  repor t  to  EMOS.   The  LOF  repor t  is  genera t e d  whenever  Ku-Band  one-
way  tracking  data  is  available.   The  LOF  repor t  will  also  include  an  estima te
of  the  spacecraf t  S-Band  oscillator  frequency  bias  and  drift  wheneve r  S-
band  one- way  tracking  data  is  received  during  the  applicable  time  period.

3.49.2 Mission  Phase

The  produc t  is  delivered  during  the  Checkout  and  Opera tional  phases .

3.49.3 Format

The  LOF  repor t  contains  two  separa t e  repor ts  that  summarize  one- way
Doppler  tracking  data  statis tics.   The  first  par t  of  the  LOF  repor t  provides  a
chronological  event- by-event  listing  of  all  one- way  Dopple r  tracking  data
with  individual  event  means,  standa rd  deviations,  and  number s  of  points.
The  format  of  this  par t  of  the  LOF  repor t  is  summarized  in  the  following
table:
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Field  Nam e  Starti
ng  
Colu
mn  
for  
Field

Variable  
Type  and  
Lengt h

Descript i o n

USER 1 Charac t e r  
9

Satellite  name

YYYYMMDD/HHMMS
S

12 Charac t e r  
15

Star t  date  and  time  of  
event

TDRS 30 Integer  2  TDRS  number
RTN 33 Charac t e r  

4
Return  service  type  
(KSA1,  KSA2,  SSA1,  or  
SSA2)

UTT  FREQUENCY 40 Charac t e r  
12

User- to- TDRS  frequency

MEAN  (Hz) 53 Real  11 Doppler  residual  event  
mean

SD  (Hz) 66 Real  9 Doppler  residual  event  
standa r d  deviation

PTS 77 Integer  4 Number  of  points  
included  in  event  
statistics

The  second  part  of  the  LOF  repor t  provides  a  group  summa ry  for  all  the  
one- way  Doppler  data  according  to  the  User- to- TDRS  (UTT)  frequency.   The  
format  of  this  par t  of  the  LOF  repor t  is  summa rized  in  the  following  table:
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Field  Nam e Startin g
Colu m n

for
Field

Variable
Type  and

Length

Descript i o n

USER 1 Charac t e r  
9

Satellite  name

UTT  FREQUENCY  
(MHz)

13 Charac t e r  
12

User- to- TDRS  frequency

MEAN  (Hz) 27 Real  8 A weighted  group  mean  of
individual  Dopple r  
residual  event  means

DEV (Hz) 37 Real  7 A weighted  2-sigma  group
standa r d  deviation  of  
individual  Dopple r  
residual  event  means  
about  the  group  mean  
(only  compute d  for  4  or  
more  events)

SD  (Hz) 46 Real  6 A weighted  group  rms  of  
event  Doppler  residual  
standa r d  deviations

EVTS 55 Integer  4 Number  of  events  used  in  
group  statistics

MIN  (Hz) 60 Integer  6 Minimum  event  Doppler  
residual  mean

MAX (Hz) 67 Integer  6 Maximum  event  Dopple r  
residual  mean

The  following  is  an  example  of  a  sample  LOF  repor t :
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Listing  of  Successful  One- Way  Events

USER YYYYMMDD/HHMMSS TDRS RTN UTT FREQUENCY MEAN (Hz) SD (Hz) PTS

EOS-AM1 19990407/082427 1 KSA2 15003.405000 5017.406 1105.976 1540
EOS-AM1 19990408/082025 1 KSA2 15003.405000 5903.110 548.050 839
EOS-AM1 19990408/105235 1 KSA2 15003.405000 3792.400 687.624 626
EOS-AM1 19990408/134432 1 SSA2 2248.992000 7414.840 1141.611 2794
EOS-AM1 19990408/184732 1 SSA2 2248.992000 4291.171 169.766 3670
EOS-AM1 19990409/081625 1 KSA2 15003.405000 5776.071 1336.501 1482
EOS-AM1 19990409/202202 1 SSA2 2248.992000 4515.295 221.456 2807
EOS-AM1 19990409/213002 1 SSA2 2248.992000 4073.323 25.710 4451
EOS-AM1 19990410/081225 1 KSA2 15003.405000 5475.570 1416.609 1542
EOS-AM1 19990411/080826 1 KSA2 15003.405000 5168.880 1595.139 1542
EOS-AM1 19990412/080427 1 KSA2 15003.405000 5504.410 1393.299 1542
EOS-AM1 19990413/080026 1 KSA2 15003.405000 6150.104 1681.710 1543

USER UTT FREQUENCY
(MHz)

MEAN
(Hz)

DEV
(Hz)

SD
(Hz)

EVTS MIN
(Hz)

MAX
(Hz)

EOS-
AM1

15003.405000 5443.4 1390.1 1351.2 8 3792 6150

EOS-
AM1

2248.992000 4902.4 4703.7 532.3 4 4073 7415

3.49.4 Accuracy

The  accuracy  required  is  5  Hz.

3.49.5 Delivery  Schedule

The  produc t  is  delivered  once  per  day  during  the  TONS  checkou t  and  once
per  week  when  TONS  becomes  opera t ional.

3 .49.6 Timespan

The  daily  repor t  covers  a  24  hour  timespan  from  000000Z  to  000000Z.   The
weekly  repor t  includes  seven  days  of  data,  from  the  previous  Wednesday  at
000000Z  through  the  curren t  Wednesd ay  at  000000Z.
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3.49.7 Transmission  Medium

3.49.7.1 Prime  Medium

The  produc t  is  delivered  to  the  EOC  via  SFTP.

3.49.7.2 Backup  Medium

The  backup  transfe r  for  this  produc t  is  a  FAX to  the  EOC.

3.49.8 Volume  Estimate

The  maximum  size  of  the  weekly  produc t  is  estimate d  to  be  7500  bytes.

3 . 5 0 (Del e t e d )

3 . 5 1 X-Band  Interfer e n c e  Time s

3.51.1 Descript ion

The  FDS  will  deliver  to  the  EOC  a  table  of  X-band  broadcas t  interfe renc e
times  for  EOS  Terra  with  all  DSN  sites.   This  produc t  is  genera t e d  using  a
nominal  predicted  mission  atti tude ,  unless  attitude  maneuve rs  are  to  be
perform ed .   The  data  records  is  in  time  order  based  on  the  “Star t  time  of
interfe r enc e”  field.

3.51.2 Mission  Phase

This  produc t  is  delivered  during  all  mission  phases .

3.51.3 Format

Head er  Record:   68  bytes

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  ID 8 The  Satellite  ID of  the  Terra  spacec raf t  
(“AM1”).

File  Type 14 The  file  type  is  XBANDDSN.   

126
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  time  
of  data  file

14 Time  of  first  prediction  point  in  file.   
Format  is  YYYYDDD.HHMMSS.   

End  time  of  
data  file

14 Time  of  last  prediction  point  in  file.   
Format  is  YYYYDDD.HHMMSS.

Data  Record s:  48  bytes

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Star t  time  
of  
interfe re nc e

14 The  time  when  X-band  interfe re nce  star ts .
Format  is  YYYYDDD.HHMMSS.

End  time  of  
interfe re nc e

14 The  time  when  X-band  interfe re nce  ends.  
Format  is  YYYYDDD.HHMMSS.

DSN  ID 6 ID of  the  affected  DSN  site
Orbit  
Number  at  
Interfer e nc
e  Star t

6 Orbit  number  of  the  star t  time  of  
interfe re nc e .   Format  is  XXXXXX.

Orbit  
Number  at  
Interfer e nc
e  End

6 Orbit  number  of  the  end  time  of  
interfe re nc e .   Format  is  XXXXXX.

Exampl e  of  Head er  record:

AM1 XBANDDSN 1999256.000000 1999257.120000 1999263.120000 \n

Exampl e  of  Data  record:

1999257.120030 1999257.120130 DS16 123 123\n
1999257.120025 1999257.120202 DS28 123 123\n

3.51.4 Accuracy

The  accuracy  is  1  second  at  9  days.   
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3.51.5 Delivery  Schedule

This  produc t  is  delivered  weekly  (7-week  product)  and  daily  (7-day  product) .

3 . 51.6 Timespan

There  are  two  produc ts ,  one  with  a  7  week  timespan  and  the  other  with  a  7
day  timespan .

3.51.7 Transmission  Medium

3.51.7.1 Prime  Medium

This  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.51.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 51.8 Volume  Estimate

The  volume  estimate  is  (68  +  48  bytes  * number  of  data  records)  bytes.   

3 . 5 2 (Del e t e d )

3 . 5 3 (Move d  to  Sect io n  7 )

3 . 5 4 Predic t e d  Orbit  Num b e r  and  Start  Times

3.54.1 Descript ion

The  FDS  will  provide  the  EOC  with  the  predic ted  orbit  star t  (ascending
node  crossing)  times  with  associa ted  orbit  number s .

3.54.2 Mission  Phase

128
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
This  produc t  is  delivered  during  the  Launch/Acquisi tion,  Checkout  and  
Opera t ional  phases .

3.54.3 Format

Head er  Record:   68  bytes

Field  Nam e Maxim u m
Field

Width

Des cr ipt i o n

Satellite  ID 8 The  Satellite  ID of  the  Terra  spacec raf t  
(“AM1”).

File  Type 14 The  file  type  is  ORBITNUM.
File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  time  of
data  file

14 Time  of  first  prediction  point  in  file.   
Format  is  YYYYDDD.HHMMSS.

End  time  of  
data  file

14 Time  of  last  prediction  point  in  file.   
Format  is  YYYYDDD.HHMMSS.   

Data  Record s:   20  bytes

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Star t  time  
of  orbit

14 The  orbit  will  star t  at  each  ascending  
node.
(Orbit  number  0  is  at  launch  and  orbit  
number  1  is  the  first  ascending  node  
after  launch.)   
Format  is  YYYYDDD.HHMMSS.

Orbit  
Number

6 Orbit  number .   Format  is  XXXXXX.

Exampl e  of  Head er  record:

AM1 ORBITNUM 1996124.143023 1998171.170000 1998172.010000\n

Exampl e  of  Data  record:
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1998171.180557 150\n

3.54.4 Accuracy

The  accuracy  is  the  best  available.

3.54.5 Delivery  Schedule

The  produc t  is  delivered  weekly  (7-week  produc t)  and  daily  (7-day  produc t) .

3 . 54.6 Timespan

The  product  timespans  are  7  weeks  (7-week  produc t)  and  7  days  (7-day
produc t) .

3 . 54.7 Transmission  Medium

3.54.7.1 Prime  Medium

This  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.54.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 54.8 Volume  Estimate

The  volume  estimate  is  (68  +  20  bytes  * number  of  data  records)  bytes.   For
a  seven- day  produc t  the  estimate  is  3  KB.   For  a  seven- week  product  the
estimate  is  21  KB.  

3 . 5 5 UTC  to  UT1  Timin g  Differe n c e

3.55.1 Descript ion

The  FDS  will  provide  the  EOC  with  the  UTC  to  UT1  timing  difference .   The
FDS  will  acquire  the  timing  difference  from  FDF  and  make  it  available  to
the  EOC  in  the  format  specified  in  this  ICD.   

3 . 55.2 Mission  Phase
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Effective  Date:  October  2022
This  produc t  is  delivered  during  the  Launch/Acquisi tion,  Checkout ,  and
Opera t ional  phases .   

3 . 55.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   UT1_TABLE
b. Table  Number :   251

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF s UT1  offset  from  UTC.
2 LI ms/day Millisecond  rollover  counte r   

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 UT1_TABLE 251 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n
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Effective  Date:  October  2022
Sampl e  Data  Record s

1 0.0000000000E+00\n
2 86399999\n

3.55.4 Accuracy

The  accuracy  of  this  produc t  is  0.001  second.

3.55.5 Delivery  Schedule

The  produc t  is  delivered  once  per  day.

3.55.6 Timespan

The  produc t  timespan  is  one  day.

3.55.7 Transmission  Medium

3.55.7.1 Prime  Medium

This  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.55.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.55.8 Volume  Estimate

The  volume  of  one  full  table  is  191  (=  137  +  2*27)  bytes.

3 . 5 6 Predic t e d  Instru m e n t  Orbit  Event s

3.56.1 Descript ion

The  FDS  will  provide  the  EOC  with  a  time  ordered  set  of  instrum e n t  orbital
events .   This  produc t  is  genera t e d  using  a  nominal  predicted  mission
attitude ,  unless  attitude  maneuve r s  are  to  be  perform ed .
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Effective  Date:  October  2022
3.56.2 Mission  Phase

This  produc t  is  provided  during  the  Checkou t  and  Opera t ional  phases .

3.56.3 Format

Head er  Record:   68  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  ID 8 The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.   The  
only  valid  value  is  INST_ORB_EVENT.

Creation  
Date

14 Creation  date  of  the  file  in  the  form:   
YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.
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Data  Record s:   53  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Event  Type 32 Valid  values  are  :
MISRX_LOS_Ter m_Cros s i n g_ to_Day  -  
time  of  MISR  Camera  X (X=1,...,  9)  line  of  
sight  termina to r  crossing  from  night  to  
day  side;
MISRX_LOS_Ter m_Cros s i n g_ to_Ni g h t  
-  time  of  MISR  Camera  X (X=1,...,  9)  line  
of  sight  termina to r  crossing  from  day  to  
night  side;
MODIS_LOS_Term_Cros s i n g_t o_Day  -  
time  of  MODIS  line  of  sight  termina to r  
crossing  from  night  to  day  side;
MODIS_LOS_Term_Cros s i n g_t o_Ni g h t  
- time  of  MODIS  line  of  sight  termina to r  
crossing  from  day  to  night  side.

Time 14 The  time  of  the  event  in  the  form  
YYYYDDD.HHMMSS.

Orbit  
Number

6 The  numbe r  of  the  orbit  in  which  this  
event  takes  place.   Format  is  XXXXXX.
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Sampl e  Head er  Record

AM1 INST_ORB_EVENT 1999230.000000 1999232.000000 1999234.235900\n

Sampl e  Data  Record s

MISR1_LOS_Term_Crossing_to_Day 1999232.100000 72\n
MISR2_LOS_Term_Crossing_to_Day 1999232.100100 72\n
MISR3_LOS_Term_Crossing_to_Day 1999232.100200 72\n
MISR4_LOS_Term_Crossing_to_Day 1999232.100300 72\n
MODIS_LOS_Term_Crossing_to_Day 1999232.100400 72\n

3.56.4 Accuracy

The  accuracy  for  this  produc t  is  1  second  after  9  days.   

3 . 56.5 Delivery  Schedule

The  seven- week  produc t  is  delivered  weekly  and  the  seven- day  product
daily.   

3 . 56.6 Timespan

The  timespans  are  7  weeks  for  a  seven- week  produc t  and  7  days  for  a
seven- day  produc t .

3 .56.7 Transmission  Medium

3.56.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.56.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.56.8 Volume  Estimate
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The  volume  estimate  per  orbit  is  1,128  Bytes  (=  68  +  53  * 20).

3 . 5 7 Predic t e d  EOS  Terra  State  Vector

3.57.1 Descript ion

The  FDS  will  provide  the  EOC  with  predicted  initial  state  vectors  for  the
EOS  Terra  spacecraf t .   

3 . 57.2 Mission  Phase

This  produc t  is  provided  during  the  Launch/Acquisi tion,  Checkou t ,  and
Opera t ional  phases .

3.57.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   EOS_STATE_TABLE
b. Table  Number :   276

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .
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Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 IT days Number  of  calenda r  days  from  
January  1,  1958  00:00:00.00000 0.

2 LI ms milliseconds  of  day.   Valid  range  of  
values  is  0  - 86400999.

3 IT µs microseconds  of  millisecond.   Valid  
range  of  values  is  0  - 999.

4 LF m x-componen t  of  the  position  vector.
5 LF m y-componen t  of  the  position  vector.   
6 LF m z-compone n t  of  the  position  vector.   
7 LF m/s x-componen t  of  the  velocity  vector.
8 LF m/s y-componen t  of  the  velocity  vector.   
9 LF m/s z-compone n t  of  the  velocity  vector.   

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 EOS_STATE_TABLE 276 5 1996124.112233 \
1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 12345\n
2 12345678\n
3 123\n
4 -1.4023886435E+07\n
5 -6.9430616641E+07\n
6 -3.0905939313E+03\n
7 -1.0502194183E+04\n
8 2.0323145049E+03\n
9 -7.4268210686E+04\n

3.57.4 Accuracy

The  position  accuracy  is  300  mete r s  (3 -sigma)  and  the  velocity  accuracy  is  
0.33  meter s / second  (3- sigma).   The  state  vector  time  tag  is  to  be  within  
+10  to  +100  minutes  ahead  of  the  planned  uplink  time  (i.e.,  tagged  time  
minus  planned  uplink  time  is  within  the  range  of  +10  to  +100  minutes).   

3 . 57.5 Delivery  Schedule
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Effective  Date:  October  2022
This  produc t  is  delivered  as  needed  to  initialize  the  TONS  and  daily  while  in
TONS  Propaga t e  submode.

3.57.6 Timespan

No  timespan  is  associa ted  with  this  produc t .   

3 . 57.7 Transmission  Medium

3.57.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.57.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV. 

3.57.8 Volume  Estimate

The  volume  estimate  is  380  (=  137  +  9*27)  bytes.

3 . 5 8 Simula t e d  TDRS  State  Vectors

3.58.1 Descript ion

The  FDS  will  provide  the  EOC  with  simulated  state  vectors  for  all
opera tional  TDRSS  spacec raf t .   

3 . 58.2 Mission  Phase

This  produc t  is  delivered  during  all  mission  phases .

3.58.3 Format

The  format  for  this  produc t  is  identical  with  that  of  the  Predicted  TDRS
State  Vectors  product  (Section  3.11).   

3 . 58.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   
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3.58.5 Delivery  Schedule

This  produc t  is  delivered  on  an  as- needed  basis.

3 .58.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 58.7 Transmission  Medium

3.58.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.58.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV. 

3.58.8 Volume  Estimate

Refer  to  Section  3.11.   

3 . 5 9 Simula t e d  EOS  Terra  Brouw er- Lyddan e  Elem e n t s

3.59.1 Descript ion

The  FDS  will  provide  the  EOC  with  simulated  EOS  Terra  Brouwer- Lyddane
mean  orbital  elemen t s .

3.59.2 Mission  Phase

This  produc t  is  delivered  during  all  mission  phases .

3.59.3 Format

The  format  of  this  produc t  is  identical  with  that  of  the  Predicted  EOS  Terra
Brouwer- Lyddane  Element s  produc t  (Section  3.12).   

3.59.4 Accuracy
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There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 59.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 59.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

3 .59.7 Transmission  Medium

3.59.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.59.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.59.8 Volume  Estimate

Refer  to  Section  3.12.   

3 . 6 0 Simula t e d  TDRS  Brouw er- Lyddan e  Elem e n t s

3.60.1 Descript ion

The  FDS  will  provide  the  EOC  with  simulated  Brouwer- Lyddane  mean
orbital  element s  for  each  opera t ional  TDRS.  

3.60.2 Mission  Phase

The  produc t  is  delivered  during  the  Launch/Acquisi t ion,  Checkout  and
Opera t ional  phases .

3.60.3 Format

The  format  of  this  produc t  is  identical  with  that  of  the  Predicted  TDRS
Brouwer- Lyddane  Element s  produc t  (Section  3.13).   
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3.60.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 60.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 60.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

3 .60.7 Transmission  Medium

3.60.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.60.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.60.8 Volume  Estimate

Refer  to  Section  3.13.   

3 . 6 1 Simula t e d  EOS  Terra  State  Vectors

3.61.1 Descript ion

The  FDS  will  provide  the  EOC  with  simulated  initial  state  vectors  for  the
EOS  Terra  spacecraf t .   

3 . 61.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

3 . 61.3 Format

The  format  of  this  produc t  is  identical  with  that  of  the  Predicted  EOS  AM-1
State  Vectors  product  (Section  3.56).   
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3.61.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 61.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 61.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

3 .61.7 Transmission  Medium

3.61.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.61.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.61.8 Volume  Estimate

Refer  to  Section  3.56.   

3 . 6 2 X-Band  Ground  Station  Contac t  Time s

3.62.1 Descript ion

The  FDS  will  provide  the  EOC  with  viewing  entry  and  exit  times  and
maximum  elevation  angle  for  the  Project- specified  X-band  ground  stations
of  the  EOS  Terra  Direct  Access  System.   The  FDS  will  account  for  viewing
const ra in t s  imposed  on  by  the  spacecr af t  environme n t .   This  product  is
genera t e d  using  a  nominal  predic ted  mission  attitude ,  unless  attitude
maneuve r s  are  to  be  performe d.   The  data  records  is  in  time  order  based  on
the  “Star t  Time  of  View  Period”  field.

3.62.2 Mission  Phase
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This  produc t  is  delivered  during  all  mission  phases .

3.62.3 Format

Head er  Record:   68  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  ID 8 The  Satellite  ID of  the  Terra  spacec raf t  
(“AM1”).

File  Type 14 The  file  type  will  dete rmine  file  conten t s .  
The  valid  value  for  this  field  
GS_CONTACT.

File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.
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Data  Record s:   55  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

X-Band  
Ground  
Station  ID

5 The  X-band  ground  station  ID.

Star t  Time  
of  View  
Period

14 The  time  when  the  X-band  ground  
station  antenn a  begins  seeing  the  EOS  
Terra  Direct  Access  antenna .   Forma t  is  
YYYYDDD.HHMMSS.

End  Time  of
View  Period

14 The  time  when  the  X-band  ground  
station  antenn a  begins  losing  the  EOS  
Terra  Direct  Access  antenna .   Forma t  is  
YYYYDDD.HHMMSS.

Maximum  
Elevation  
Angle

7 The  maximum  elevation  angle  (in  
degrees)  of  the  X-band  ground  station  
antenn a  during  the  view  period  
delimited  by  preceding  two  times.  The  
valid  range  is  0  to  90  degrees .   Forma t  is
XX.XXXX. 

Orbit  
Number  at  
Star t  Time

6 Orbit  number  at  the  star t  time  of  view  
period.   Format  is  XXXXXX.

Orbit  
Number  at  
End  Time

6 Orbit  number  at  the  end  time  of  view  
period.   Format  is  XXXXXX.

Sampl e  Head er  Record

AM1 GS_CONTACT 1998210.120000 1998214.120000 1998221.120000\n

Sampl e  Data  Record s

DS16 1998215.120000 1998215.121200 45.1234 12345 12345\n

3.62.4 Accuracy

The  accuracy  for  this  produc t  is  60  seconds  absolute  UTC  at  the  end  of  3-
week  prediction.
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3.62.5 Delivery  Schedule

The  produc t  is  delivered  weekly  (7-week  produc t)  and  daily  (7-day  produc t) .

3 . 62.6 Timespan

The  timespans  for  the  produc ts  are  7  weeks  and  7  days.

3.62.7 Transmission  Medium

3.62.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.62.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 62.8 Volume  Estimate

The  volume  estimate  is  based  on  a  38- byte  heade r  record  and  55- byte  data
records .   

3 . 6 3 MODIS  FOV  Targe t  View  Period

3.63.1 Descript ion

The  FDS  will  provide  the  EOC  with  viewing  entry  exit  times  for  the  MODIS
field- of-view  (FOV)  of  the  project- specified  MODIS  field  campaign  sites.
This  produc t  is  genera t e d  using  a  nominal  predic ted  mission  atti tude ,  unless
attitude  maneuve r s  are  to  be  performe d.

3.63.2 Mission  Phase

This  produc t  is  delivered  during  all  mission  phases .

3.63.3 Format

Head er  Record:   68  bytes.
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Field  Nam e Maxim u m

Field
Width

Des cr ipt i o n

Satellite  ID 8 The  Satellite  ID of  the  Terra  spacec raf t  
(“AM1”).

File  Type 14 The  file  type  will  dete rmine  file  conten t s .  
The  valid  value  for  this  field  
MODIS_VU_TIME.

File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of  
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Data  Record s:   35  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Star t  Time  
of  View  
Period

14 The  time  when  the  MODIS  field  
campaign  site  ente r s  the  MODIS  FOV.   
Format  is  YYYYDDD.HHMMSS.

End  Time  of
View  Period

14 The  time  when  the  MODIS  field  
campaign  site  exits  the  MODIS  FOV.   
Format  is  YYYYDDD.HHMMSS.

Orbit  
Number  at  
Star t  Time

6 Orbit  number  at  the  star t  time  of  view  
period.   Format  is  XXXXXX.

Orbit  
Number  at  
End  Time

6 Orbit  number  at  the  end  time  of  view  
period.   Format  is  XXXXXX.

Sampl e  Head er  Record

AM1 MODIS_VU_TIME 1998120.120000 1998122.120000 1998129.120000\n

Sampl e  Data  Record s

1998123.120000 1998123.120500 156 157\n
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3.63.4 Accuracy

The  accuracy  for  this  produc t  is  60  seconds  absolute  UTC  at  the  end  of  3-
week  prediction.

3.63.5 Delivery  Schedule

The  produc t  is  delivered  on  a  per- reques t  basis.

3 .63.6 Timespan

The  timespan  for  the  produc ts  is  up  to  7  weeks.   Any  timespa n  exceeding  7  
weeks  is  negotia ted  betwee n  FDS  and  ESDIS  Project,  as  a  longer  predic ted  
epheme r i s  is  required  than  is  available  for  the  routine  produc ts .   

3 . 63.7 Transmission  Medium

3.63.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.63.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 63.8 Volume  Estimate

The  volume  estimate  is  based  on  a  38- byte  heade r  record  and  35- byte  data
records .   

3 . 6 4 Earth  Gravity  Mode l  Spheri ca l  Harmo n i c  Coeff ic i e n t s

3.64.1 Descript ion

The  FDS  will  provide  the  EOC  with  Earth  gravity  model  spherical  harmonic
coefficient s  used  by  the  EOS  Terra  TONS  flight  software .   

3 . 64.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   
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3.64.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   HARMONIC_COEFFICIENTS_TABLE
b. Table  Number :   254

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

2n  - 1  (n  =  
1  through  
961)

LF NU Harmonic  coefficient ,  C (p,  q),  where  
p  =  N/62  and  
q  =  (N%62)/2.  N  is  the  table  field  
number .   (The  division  opera t ion  
trunca t e s  fractional  par t .)

2n  (n  =  1  
through  
961)

LF NU Harmonic  coefficient ,  S  (p,  q),  where  
p  =  (N-1)/62  and  
q  =  ((N- 1)%62)/2.   N  is  the  table  field  
number .   

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 HARMONIC_COEFFICIENTS_TABLE 254 5 \
1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s
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1 0.0000000000E+00\n
.
.
125 -1.0826260746E+22\n
.
.
129 1.5744102040E+19\n

3.64.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 64.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 64.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 64.7 Transmission  Medium

3.64.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.64.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.64.8 Volume  Estimate

The  volume  of  one  full  table  is  52,031  (=  137  +  1922*27)  bytes.  

3 . 6 5 Earth  Gravity  Mode l  Degre e  Varian c e
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3.65.1 Descript ion

The  FDS  will  provide  the  EOC  with  Earth  gravity  model  degree  variance
used  by  the  EOS  Terra  TONS  flight  software .   

3 . 65.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

3 . 65.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   DEGREE_VARIANCE_TABLE
b. Table  Number :   280

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

n  (n  =  1  
through  50)

LF m 2/s 4 n- th  degree  variance  (n  =  1  through  
50).   

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 DEGREE_VARIANCE_TABLE \
280 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 0.0000000000E+00\n
2 0.0000001120E-10\n
.
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.
50 2.0761641288E-10\n

3.65.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 65.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 65.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 65.7 Transmission  Medium

3.65.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.65.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.65.8 Volume  Estimate

The  volume  of  one  full  table  is  1,487  (=  137  +  50*27)  bytes.  

3 . 6 6 Harris- Pries t er  Atmos p h e r i c  Dens i ty  Mode l  Data

3.66.1 Descript ion

The  FDS  will  provide  the  EOC  with  Harris- Pries te r  atmosphe r ic  densi ty  data
used  by  the  EOS  Terra  TONS  flight  software .   

3 . 66.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   
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3.66.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   MIN_DENSITY_COEFFS_TABLE  (for  minimum  densi ty  
coefficient  table)  or  MAX_DENSITY_COEFFS_TABLE  (for  maximum  
densi ty  coefficient  table)

b. Table  Number :   255  for  minimum  density  coefficient  table  and  256  for
maximum  densi ty  coefficient  table

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  regarding  the  conten ts  of  the  data  records .   Both
tables  have  the  identical  format.   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF m Altitude.   
2 LF kg/m 3 A
3 LF NU Alpha
4 LF kg/m 3 B
5 LF NU Beta   
Preceding  5  records  are  repea t e d  25  more  times  (there  are  total  130  
records).  

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 MIN_DENSITY_COEFFS_TABLE 255 5 \
1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 3.0000000000E+05\n
2 2.7122000000E-14\n
3 1.3533000000E+00\n
4 5.7190000000E-12\n
5 0.0000000000E+00\n
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3.66.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 66.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 66.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 66.7 Transmission  Medium

3.66.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.66.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.66.8 Volume  Estimate

The  volume  one  full  table  is  3,647  (=  137  +  130*27)  bytes.

3 . 6 7 Solar  Ephe m e r i s  Modif ica t io n  Data

3.67.1 Descript ion

The  FDS  will  provide  the  EOC  with  solar  ephem er i s  modifica tion  data  used
by  the  EOS  Terra  TONS  flight  software .   

3 . 67.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

3 . 67.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   
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Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   SOLAR_EPHEM_MOD_TABLE
b. Table  Number :   253

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF days Reference  Julian  day.   
2 LF cycles/d

ay
RIGHT_ASC(0).FREQUENCY

3 LF arc- sec RIGHT_ASC(0).COS_COEFF
4 LF arc- sec RIGHT_ASC(0).SIN_COEFF
5  through  
46

Preceding  three  records  are  repea t e d  14  more  times.

47 LF cycles/d
ay

DECLINATION(0).FREQUENCY   

48 LF arc- sec DECLINATION(0).COS_COEFF   
49 LF arc- sec DECLINATION(0).SIN_COEFF   
50  through  
70

Preceding  three  records  are  repea t e d  7  more  times

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 SOLAR_EPHEM_MOD_TABLE  253 5 \
1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 2.4490680160E+06\n
2 0.0000000000E+00\n
3 2.1550000000E+01\n
4 0.0000000000E+00\n
.
.
46 2.3741000000E+00\n
47 0.0000000000E+00\n
48 -1.5208000000E-01\n
49 0.0000000000E+00\n
.
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.
70 9.4685000000E-01\n

3.67.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 67.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 67.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 67.7 Transmission  Medium

3.67.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.67.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.67.8 Volume  Estimate

The  volume  of  one  full  table  is  2,027  (=  137  +  70*27)  bytes.

3 . 6 8 EOS  Terra  Model i n g  Data

3.68.1 Descript ion

The  FDS  will  provide  the  EOC  with  EOS  Terra  modeling  data  required  by
the  EOS  Terra  for  navigat ion  flight  software .   

3 . 68.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   
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3.68.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   EOS_MODEL_TABLE
b. Table  Number :   263

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF kg EOS  Terra  mass.
2 LF m 2 Orbit  average  drag  area.
3 LF NU Drag  coefficient .
4 LF m 2 Solar  pressu re  area
5 LF NU Solar  Pressur e  coefficient .
6 IT NU EOS  AM-1  Earth  gravity  model  size  

(zonals).

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 EOS_MODEL_TABLE \
263 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 4.1700000000E+03\n
2 4.0500000000E+01\n
3 2.2000000000E+00\n
4 5.4500000000E+00\n
5 1.5000000000E+00\n
6 30\n

3.68.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   
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3.68.5 Delivery  Schedule

The  produc t  is  delivered  following  each  delta- V maneuve r  and  on  an  as-
needed  basis  for  TONS  star tup .   

3 . 68.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 68.7 Transmission  Medium

3.68.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.68.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.68.8 Volume  Estimate

The  volume  of  one  full  table  is  299  (=  137  +  6*27)  bytes.

3 . 6 9 TDRS  Mod el in g  Data

3.69.1 Descript ion

The  FDS  will  provide  the  EOC  with  TDRS  modeling  data  required  by  the
EOS  Terra  for  navigat ion  flight  software .   

3 . 69.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

3 . 69.3 Format
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Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   TDRS_MODEL_TABLE
b. Table  Number :   264

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF kg TDRS  1  mass.   
2 LF m 2 TDRS  1  solar  pressu re  area.
3 LF NU TDRS  1  solar  pressu re  coefficient .   
4  - 12 Preceding  three  records  are  repea t e d  three  more  times

for  TDRS  2,  3,  and  4.  
13 IT NU TDRS  Earth  gravity  model  size  

(zonals)   

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 TDRS_MODEL_TABLE \
264 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 1.9000000000E+03\n
2 4.0000000000E+01\n
3 1.4000000000E+00\n
.
.
13 8\n

3.69.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 69.5 Delivery  Schedule
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The  produc t  is  delivered  daily  and  after  each  TDRS  maneuve r .   

3 . 69.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 69.7 Transmission  Medium

3.69.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.69.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.69.8 Volume  Estimate

The  volume  of  one  full  table  is  488  (=  137  +  13*27)  bytes.

3 . 7 0 Ground  Anten n a  Model in g  Data

3.70.1 Descript ion

The  FDS  will  provide  the  EOC  with  TDRS  ground  antenn a  modeling  data
required  by  the  EOS  Terra  for  navigat ion  flight  software .   

3 . 70.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

3 . 70.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   TDRS k _GRD_STN_TABLE  (k  =  1,  2,  3,  4  for  TDRS  1,  2,  
3,  and  4)
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b. Table  Number :   265,  266,  267,  and  268  for  TDRS1  through  TDRS4,  

respec t ively.    (Note:   “k”  repre se n t s  not  the  actual  TDRS  spacec raf t  
name  but  an  arbit ra ry  assignm en t  of  a  par ticula r  TDRS  spacecraf t  to  a
slot  in  the  flight  software .   A mapping  is  required  between  the  actual  
spacecr af t  to  be  used  in  a  slot  and  the  slot  number .   This  mapping  is  
given  in  Section  4.12  and  will  change  as  the  opera t ional  constellation  
of  TDRS  spacecraf t  changes .)

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF m x-coordina t e  in  WGS- 84  Earth-
Cente r e d  Earth- Fixed  (ECEF)  
coordina t e  system.

2 LF m y-coordina t e .
3 LF m z-coordina te .

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 TDRS1_GRD_STN_TABLE \
265 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 -1.5393857000E+06\n
2 -5.1609531000E+06\n
3 3.4082022000E+06\n

3.70.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 70.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 70.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   
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3.70.7 Transmission  Medium

3.70.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.70.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.70.8 Volume  Estimate

The  volume  of  one  full  table  is  218  (=  137  +  3*27)  bytes.

3 . 7 1 State  Toleran c e  Data

3.71.1 Descript ion

The  FDS  will  provide  the  EOC  with  EOS  AM-1  state  tolerance  data  required
by  the  EOS  Terra  for  navigation  flight  software .   

3 . 71.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .

3.71.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   STATE_TOLER_TABLE
b. Table  Number :   269

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .
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Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF m EOS  Terra  position  tolerance .
2 LF m/s EOS  Terra  velocity  tolerance .
3 LF s Clock  offset  from  UTC  toleranc e .
4 LF Hz- S MO  frequency  bias  tolerance .
5 LF NU Minimum  drag  scale  factor.
6 LF NU Maximum  drag  scale  factor.
7 LF s UT1  offset  from  UTC  tolerance
8 LF m TDRS  position  toleranc e .
9 LF m/s TDRS  velocity  tolerance .
10 LF Hz- S TDRS  measu re m e n t  bias  tolerance .
11 LF s Measure m e n t  time  step  correc t ion  

toleranc e
12 LF s Clock  time  step  correc tion  tolerance .
13 LF s Synchroniza t ion  leap  second  

toleranc e .
14 LF NU Divide  by  zero  toleranc e .

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 STATE_TOLER_TABLE \
269 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 6.0000000000E+02\n
2 6.6000000000E-01\n
3 1.0000000000E-02\n
4 4.2000000000E+02\n
5 -1.0000000000E+00\n
6 8.5000000000E+00\n
7 1.0000000000E-02\n
8 3.0000000000E+02\n
9 2.2000000000E-02\n
10 4.0000000000E-01\n
11 1.0240000000E+00\n
12 1.0240000000E+00\n
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13 6.5536000000E+01\n
14 1.0000000000E-36\n

3.71.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 71.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 71.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 71.7 Transmission  Medium

3.71.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.71.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.71.8 Volume  Estimate

The  volume  of  one  full  table  is  515  (=  137  +  14*27)  bytes.

3 . 7 2 Doppler  Meas ur e m e n t  Toleran c e  Data

3.72.1 Descript ion

The  FDS  will  provide  the  EOC  with  Doppler  measu re m e n t  tolerance  data
required  by  the  EOS  Terra  for  navigat ion  flight  software .   

3 . 72.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   
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3.72.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   MEAS_TOLER_TABLE
b. Table  Number :   270

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .    

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF NU Measure m e n t  residual  edit  ratio
2 LF Hz- S Maximum  Doppler  tolerance
3 LF deg Elevation  limit  for  ionosphe ric  editing  

of  Dopple r
4 LF % Ionosphe re  edit  percen t a g e  tolerance  
5 LF s Light  time  itera t ion  tolerance
6 LF % Measure m e n t  edit  percen t a g e  

toleranc e  
7 LF s Time  without  measu re m e n t  upda te  
8 IT µs Frequency  sum  time  tag  tolerance
9 IT s Light  time  itera t ion  limit
10 IT count Cycle  slip  threshold
11 IT count Carrie r  drop  pending  threshold

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 MEAS_TOLER_TABLE \
270 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 3.0000000000E+00\n
2 5.5000000000E+04\n
3 0.0000000000E+00\n
4 1.5000000000E+00\n
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5 1.0000000000E-08\n
6 1.5000000000E+01\n
7 1.0800000000E+04\n
8 10\n
9 5\n
10 1\n
11 1\n

3.72.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 72.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 72.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 72.7 Transmission  Medium

3.72.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.72.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.72.8 Volume  Estimate

The  volume  of  one  full  table  is  434  (=  137  +  11*27)  bytes.

3 . 7 3 Covarian c e  Toleran c e  Data

3.73.1 Descript ion

The  FDS  will  provide  the  EOC  with  tolerance  data  for  EOS  Terra  state  error
covariance  required  by  the  EOS  AM-1  for  naviga tion  flight  software .   
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3.73.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

3 . 73.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   COV_TOLER_TABLE
b. Table  Number :   271

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .    

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF m Root  sum  square  (RSS)  position  sigma
maximum  toleranc e

2 LF m RSS  position  sigma  converge nc e  
toleranc e

3 LF m/s RSS  velocity  sigma  converge nc e  
toleranc e

4 LF Hz- S MO  frequency  bias  sigma  converge nc e
toleranc e

5 LF m Semi- major  axis  sigma  converge nc e  
toleranc e

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 COV_TOLER_TABLE \
271 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 3.0000000000E+02\n
2 1.0000000000E+02\n
3 1.1000000000E-01\n
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4 4.0000000000E-01\n
5 5.0000000000E+00\n

3.73.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 73.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 73.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 73.7 Transmission  Medium

3.73.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.73.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.73.8 Volume  Estimate

The  volume  of  one  full  table  is  272  (=  137  +  5*27)  bytes.

3 . 7 4 Naviga t i o n  Time  Step  Data

3.74.1 Descript ion

The  FDS  will  provide  the  EOC  with  navigat ion  time  step  data  required  by
the  EOS  Terra  for  navigat ion  flight  software .   

3 . 74.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

167
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
3.74.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   TIME_STEP_TABLE
b. Table  Number :   259

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .  

  

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF s EOS  maximum  synchroniza t ion  time  
step

2 LF s EOS  minimum  synchronizat ion  time  
step

3 LF s TDRS  maximum  synchroniza t ion  time  
step

4 LF s TDRS  minimum  synchronizat ion  time  
step

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 TIME_STEP_TABLE \
259 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 3.2768000000E+01\n
2 1.6384000000E+01\n
3 3.2768000000E+01\n
4 1.6384000000E+01\n
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3.74.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 74.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 74.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 74.7 Transmission  Medium

3.74.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.74.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.74.8 Volume  Estimate

The  volume  of  one  full  table  is  245  (=  137  +  4*27)  bytes.

3 . 7 5 Physica l  and  Math e m a t i c a l  Consta n t s

3.75.1 Descript ion

The  FDS  will  provide  the  EOC  with  physical,  Earth,  solar  system,  and
mathe m a t ica l  constan t s  required  by  the  EOS  Terra  for  navigation  flight
software .   

3 . 75.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

3 . 75.3 Format

Head er  Record:   137  bytes
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Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   PHYS_CONST_TABLE
b. Table  Number :   260

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .
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Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF m/s Speed  of  light.
2 LF m 3/s 2 Earth  gravita t ional  constan t .
3 LF m Earth  equato rial  radius.
4 LF NU Earth  gravity  scale  factor.
5 LF rad/s Earth  rota tion  rate .
6 LF m 3/s 2 Sun  gravita tional  constan t .
7 LF m 3/s 2 Moon  gravita tional  constan t .
8 LF m Mean  distance  between  Sun  and  Earth
9 LF kg/s 2/

m
Mean  solar  pressur e  flux.

10 LF NU Earth  flattening  factor.
11 LF deg Lag  angle  of  diurnal  bulge.
12 LF NU Cosine  power  in  bulge.
13 LF days J2000  Julian  date.
14 LF days CCSDS  reference  Julian  date
15 LF rad 
16 LF rad two  
17 LF rad/de

g
Degree- to- radian  conversion  factor  

18 LF deg/ra
d

Radian- to- degree  conversion  factor

19 LF rad/  
arcsec

Arcsec- to- radian  conversion  factor

20 LF rad/  
ttarcse
c

ten  thousand t h s  of  an  arcsec  to  radian
conversion  factor

21 LF NU J2 coefficient

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 PHYS_CONST_TABLE \
260 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 2.9979245800E+08\n
2 3.9860043600E+14\n
3 6.3781370000E+06\n
4 1.0000000000E-25\n
5 7.2921151467E-05\n
6 1.3271240000E+21\n
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7 4.9027990000E+12\n
8 1.4959789300E+11\n
9 4.5700000000E-06\n
10 3.3528130000E-03\n
11 3.0000000000E+01\n
12 6.0000000000E+00\n
13 2.4515450000E+06\n
14 2.4362045000E+06\n
15 3.1415926536E+00\n
16 6.2831853072E+00\n
17 1.7453292520E-02\n
18 5.7295779513E+01\n
19 4.8481368111E-06\n
19 4.8481368111E-10\n
21 1.0826260746E-03\n

3.75.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 75.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 75.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 75.7 Transmission  Medium

3.75.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.75.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.75.8 Volume  Estimate

The  volume  of  one  full  table  is  704  (=  137  +  21*27)  bytes.

3 . 7 6 (Del e t e d )
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3 . 7 7 (Del e t e d )

3 . 7 8 Atmos p h e r i c  Drag  Data

3.78.1 Descript ion

The  FDS  will  provide  the  EOC  with  atmosphe r ic  drag  data  required  by  the
EOS  Terra  for  navigat ion  flight  software .   

3 . 78.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

3 . 78.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   ATMOS_DRAG_TABLE
b. Table  Number :   258

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .    

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF NU Drag  scale  factor.
2 LF 10 –22  

W /
m 2/Hz

10.7  cm  flux.

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 ATMOS_DRAG_TABLE \
258 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s
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1 0.0000000000E+00\n
2 2.0000000000E+02\n

3.78.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .

3 .78.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 78.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 78.7 Transmission  Medium

3.78.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.78.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.78.8 Volume  Estimate

The  volume  of  one  full  table  is  191  (=  137  +  2*27)  bytes.

3 . 7 9 TDRS  Meas u r e m e n t  Bias  Data

3.79.1 Descript ion

The  FDS  will  provide  the  EOC  with  TDRS  measu re m e n t  bias  data  required
by  the  EOS  Terra  for  navigation  flight  software .   

3 . 79.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   
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3.79.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   TDRS_MEAS_BIAS_TABLE
b. Table  Number :   278

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .    

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF Hz- S TDRS  measu re m e n t  bias  data.

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 TDRS_MEAS_BIAS_TABLE \
278 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 0.0000000000E+00\n

3.79.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 79.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.   

3 . 79.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 79.7 Transmission  Medium
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3.79.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.79.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.79.8 Volume  Estimate

The  volume  of  one  full  table  is  164  (=  137  +  27)  bytes.

3 . 8 0 Simula t e d  UTC  to  UT1  Timin g  Differe n c e

3.80.1 Descript ion

The  FDS  will  provide  the  EOC  with  simulated  UTC  to  UT1  timing
differences .   

3 . 80.2 Mission  Phase

This  produc t  is  delivered  during  all  mission  phases .   

3 . 80.3 Format

The  format  for  this  produc t  is  identical  with  that  of  the  UTC  to  UT1  Timing
Difference  (Section  3.54).   

3 . 80.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .

3 .80.5 Delivery  Schedule

The  produc t  is  delivered  on  an  as- needed  basis.

3 .80.6 Timespan

The  timespan  depend  on  user’s  need.
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3.80.7 Transmission  Medium

3.80.7.1 Prime  Medium

This  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.80.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.80.8 Volume  Estimate

Refer  to  Section  3.54.  

3 . 8 1 Naviga t i o n  Thrust er  Table

3.81.1 Descript ion

The  FDS  will  provide  the  EOC  with  the  thrus t e r  forces  and  direc tion  cosines
required  by  the  EOS  Terra  navigat ion  flight  software .   Actual  thrust e r
forces  are  calcula ted  pre  maneuve r  based  on  recons t ruc t ion  of  the  previous
maneuve r  and  used  by  TONS  to  bet te r  navigate  through  the  following
maneuve r .   Thrus te r s  are  number e d  1-8  with  1  and  2  being  the  delta- V
thrus te r s  and  3-8  being  the  attitude  thrus t e r s .   The  even  or  odd  set  of
thrus te r s  may  be  used  intercha n g e a b ly  with  the  same  number ing  system.
The  direction  cosines  are  constan t  and  have  been  provided  by  the  FOT;  they
are  documen t e d  in  Section  3.80.3.   FDS  will  not  be  responsible  for  upda ting
the  direc tion  cosines  if they  change  during  the  mission.
 
3 . 81.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

3 . 81.3 Format

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:
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a. Table  Name:   THRUSTER_TABLE
b. Table  Number :   257

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   
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Table  
Field  
Num b er

Data  
Type

Unit Descript i o n

1 LF Newto
n

THRUSTER_TBL(1).FORCE

2 LF NU THRUSTER_TBL(1).DCX   The  only  valid  value  is  
0.99747.

3 LF NU THRUSTER_TBL(1).DCY   The  only  valid  value  is  
6.3221x  10 -2 .

4 LF NU THRUSTER_TBL(1).DCZ   The  only  valid  value  is  –
3.2511x10 -2 .

5 LF Newto
n

THRUSTER_TBL(2).FORCE

6 LF NU THRUSTER_TBL(2).DCX   The  only  valid  value  is  
0.99746.

7 LF NU THRUSTER_TBL(2).DCY   The  only  valid  value  is  –
6.403x10 -2 .

8 LF NU THRUSTER_TBL(2).DCZ   The  only  valid  value  is  
3.11x10 -2 .

9 LF Newto
n

THRUSTER_TBL(3).FORCE

10 LF NU THRUSTER_TBL(3).DCX   The  only  valid  value  is  
1.13x10 -3 .

11 LF NU THRUSTER_TBL(3).DCY   The  only  valid  value  is  1.0
12 LF NU THRUSTER_TBL(3).DCZ   The  only  valid  value  is  

1.09x10 -3 .
13 LF Newto

n
THRUSTER_TBL(4).FORCE

14 LF NU THRUSTER_TBL(4).DCX   The  only  valid  value  is  
5.62x10 -4 .

15 LF NU THRUSTER_TBL(4).DCY   The  only  valid  value  is  
0.865859.

16 LF NU THRUSTER_TBL(4).DCZ   The  only  valid  value  is  
0.500289.

17 LF Newto
n

THRUSTER_TBL(5).FORCE

18 LF NU THRUSTER_TBL(5).DCX   The  only  valid  value  is  
1.079x10 -3 .

19 LF NU THRUSTER_TBL(5).DCY   The  only  valid  value  is  –
0.866316.

20 LF NU THRUSTER_TBL(5).DCZ   The  only  valid  value  is  
0.499495.

21 LF Newto
n

THRUSTER_TBL(6).FORCE

22 LF NU THRUSTER_TBL(6).DCX   The  only  valid  value  is  
4.82x10 -4 .

23 LF NU THRUSTER_TBL(6).DCY   The  only  valid  value  is  -1.0.
24 LF NU THRUSTER_TBL(6).DCZ   The  only  valid  value  is  

6.49x10 -4 .

179
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
25 LF Newto

n
THRUSTER_TBL(7).FORCE

26 LF NU THRUSTER_TBL(7).DCX   The  only  valid  value  is  –
2.7x10 -4 .

27 LF NU THRUSTER_TBL(7).DCY   The  only  valid  value  is  –
0.86595.

28 LF NU THRUSTER_TBL(7).DCZ   The  only  valid  value  is  –
0.50013.

29 LF Newto
n

THRUSTER_TBL(8).FORCE

30 LF NU THRUSTER_TBL(8).DCX   The  only  valid  value  is  –
1.91x10 -3 .

31 LF NU THRUSTER_TBL(8).DCY   The  only  valid  value  is  
0.86657.

32 LF NU THRUSTER_TBL(8).DCZ   The  only  valid  value  is  –
0.49904.

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 THRUSTER_TABLE \
257 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 2.2240000000E+01\n
2 9.9747000000E-01\n
3 6.3221000000E-02\n
4 -3.2511000000E-02\n
5 2.2240000000E+01\n
6 9.9746000000E-01\n
7 -6.4030000000E-02\n
8 3.1100000000E-02\n
9 4.4480000000E+00\n
10 1.1300000000E-03\n
11 1.0000000000E+00\n
12 1.0900000000E-03\n
13 4.4480000000E+00\n
14 5.6200000000E-04\n
15 8.6585900000E-01\n
16 5.0028900000E-01\n
17 4.4480000000E+00\n
18 1.0790000000E-03\n
19 -8.6631600000E-01\n
20 4.9949500000E-01\n
21 4.4480000000E+00\n
22 4.8200000000E-04\n
23 -1.0000000000E+00\n
24 6.4900000000E-04\n
25 4.4480000000E+00\n
26 -2.7000000000E-04\n
27 -8.6595000000E-01\n
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28 -5.0013000000E-01\n
29 4.4480000000E+00\n
30 -1.9100000000E-03\n
31 8.6657000000E-01\n
32 -4.9904000000E-01\n

3.81.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 81.5 Delivery  Schedule

The  produc t  is  delivered  pre  maneuve r  at  burn  – 48  hours  and  burn  – 24
hours.   

3 . 81.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

3 . 81.7 Transmission  Medium

3.81.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.81.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.

3.81.8 Volume  Estimate

The  volume  of  one  full  table  is  1001  (=  137  +  27*32)  bytes.

3 . 8 2 HGA  to  TDRSS  S- Band  Viewin g  Times

3.82.1 Descript ion

The  FDS  will  provide  the  EOC  with  S-band  viewing  times  for  the  High  Gain
Antenna  (HGA)  to  each  TDRS  opera t ional  for  EOS  Terra.   The  FDS  will
accoun t  for  S-band  altitude  const ra in t s .   The  header  record  will  specify  the
time  span  covered  by  the  data  in  the  file  as  star t  and  end  times.   There  is  a
data  record  for  each  possible  view  from  any  TDRS  to  the  spacecraf t  HGA
antenna  for  the  time  span  specified  in  the  heade r  record.   This  produc t  is

181
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
genera t e d  using  a  nominal  predic ted  mission  attitude ,  unless  attitude
maneuve r s  are  to  be  performe d.   The  data  records  is  in  time  order  based  on
the  “AOS”  field.

3.82.2 Mission  Phase

This  produc t  is  delivered  during  all  phases  of  the  mission.

3.82.3 Format

Head er  Record:  68  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  Id 8 The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  Type 14 The  view  indicato r  specifies  the  pair  that
the  views  are  provided  for.  The  only  
valid  value  is  HGAS- TDRS.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.
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Data  Record s:   48  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

TDRS  ID 6 The  ID of  the  TDRS  that  can  be  seen  by  
the  HGA.  The  valid  values  are  TDX with  
X =  1,3,4,5,  6,7,8,9,10,11,12,13,  …up  to  
99.  

AOS 14 The  star t  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS.

LOS 14 The  end  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS.

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Forma t  is  
XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is  
XXXXXX.

Sampl e  Head er  Record

AM1 HGAS-TDRS 1999225.123034 1999230.000000 1999232.235900\n

Sampl e  Data  Record s

TD1 1999230.100000 1999230.105500 6043 6043\n
TD1 1999230.110100 1999230.114210 6043 6043\n
TD4 1999230.121400 1999230.150508 6043 6043\n

3.82.4 Accuracy

The  produc t  will  produce  an  accuracy  of  60  seconds  absolute  UTC  at  the
end  of  a  3-week  predic tion.

Constra i n t s :  The  view  periods  are  filtered  so  that  the  following  const r ain t s
are  not  violated  when  the  HGA  points  to  the  TDRS:

a. Structu r a l  blockage:  Solar  array  modeled  as  206  in.  diamete r  
cylindrical  swept  volume.   The  blockage  is  modeled  consisten t  with
the  spacecraf t  RF  Inhibit  map  found  in  the  FSW  table,  
HGA_RF_INHIB_TABLE  (table  number  =  138).   An  additional  
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margin  of  +0.5  degrees  in  elevation  angle  has  been  included  in  the  
FDS.

b. Earth  Atmosphe re  blockage  in  the  line  of  sight  between  HGA  and  
TDRS:

Earth  Radius  +  404  km  for  S-band  communica t ion
c. Sun  Interfe re nc e:  

7  degrees  AM1  line  of  sight  to  TDRS
4  degrees  TDRS  line  of  sight  to  AM1

d. Azimuth/Eleva tion  Rate  Limits:

Keyhole  passes ,  flying  direc tly  under  TDRS,  that  violate  the  HGA
azimuth  or  elevation  rate  limits  of  0.6  degrees / second  have  been
modeled  as  a  Latitude/Longi tude  exclusion  zone.   The  zone  is
charac t e r ized  separa t e ly  for  both  ascending  node  and  descending
node  contact s  and  are  defined  in  a  memo  titled  “HGA  Contact  Gaps
due  to  Keyhole  Passage s” .

e. HGA  Gimbal  Position  Limits:  

There  are  two  sets  of  const r ain t s  on  gimbal  position  limits,  hard
const ra in t s  and  soft  const r ain t s .  The  soft  const r ain t s  is  used  by
FDS  for  planning  purposes .   The  default  values  for  the  limits  with
respec t  to  the  HGA  are:

az.  (deg) el.  (deg)

Hardwa r e : +/–  202.0 +97.0/–29.0

Firmware : +/–  200.5 none

Software: +/–  194.0 +90.0/–26.0

Note: The  software  azimuth  limits  are  found  in  locations  1  and  2
of  the  FSW  table,  HGA_TRACK_TABLE  (table  numbe r  =  135).
The  elevation  limits  are  found  in  locations  3  and  4.

3.82.5 Delivery  Schedule

This  produc t  is  delivered  once  per  week  for  the  7-week  product  and  once
daily  for  the  7-day  produc t .

3 .82.6 Timespan

The  timespans  for  these  produc ts  are  7-weeks  and  7-days.

3.82.7 Transmission  Medium
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3.82.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.82.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 82.8 Volume  Estimate

The  volume  estimate s  are  based  on  68  bytes  for  the  heade r  record  and  48
bytes  for  each  data  record.

3 . 8 3 HGA  to  TDRSS  TONS- Bas e d  Viewin g  Time s

3.83.1 Descript ion

The  FDS  will  provide  the  EOC  with  TONS- based  viewing  times  for  the  High
Gain  Antenna  (HGA)  to  each  TDRS  opera tional  for  EOS  Terra.   The  FDS  will
accoun t  for  TONS  elevation  const r ain t s .   The  heade r  record  will  specify  the
time  span  covered  by  the  data  in  the  file  as  star t  and  end  times.   There  is  a
data  record  for  each  possible  view  from  any  TDRS  to  the  spacecraf t  HGA
antenna  for  the  time  span  specified  in  the  heade r  record.   This  produc t  is
genera t e d  using  a  nominal  predic ted  mission  attitude ,  unless  attitude
maneuve r s  are  to  be  performe d.   The  data  records  is  in  time  order  based  on
the  “AOS”  field.

3.83.2 Mission  Phase

This  produc t  is  delivered  during  all  phases  of  the  mission.
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3.83.3 Format

Head er  Record:  68  bytes.

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  Id 8 The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  Type 14 The  view  indicato r  specifies  the  pair  that
the  views  are  provided  for.  The  only  
valid  value  is  HGAT-TDRS.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the
file  in  the  form  YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.

Data  Record s:  48  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

TDRS  ID 6 The  ID of  the  TDRS  that  can  be  seen  by  
the  HGA.  The  valid  values  are  TDX with  
X =  1,3,4,5,  6,7,8,9,10,11,12,13,  …up  to  
99.  

AOS 14 The  star t  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS.

LOS 14 The  end  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS.

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Forma t  is  
XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is  
XXXXXX.

Sampl e  Head er  Record
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AM1 HGAT-TDRS 1999225.123034 1999230.000000 1999232.235900\n

Sampl e  Data  Record s

TD1 1999230.100000 1999230.105500 6043 6043\n
TD1 1999230.110100 1999230.114210 6043 6043\n
TD4 1999230.121400 1999230.150508 6043 6043\n

3.83.4 Accuracy

The  produc t  will  produce  an  accuracy  of  60  seconds  absolute  UTC  at  the
end  of  a  3-week  predic tion.

Constra i n t s  :   The  view  periods  are  filtered  so  that  the  following
const ra in t s  are  not  violated  when  the  HGA  points  to  the  TDRS:

a. Structu r a l  blockage:  
Solar  array  modeled  as  206  in.  diamete r  cylindrical  swept  volume.   
The  blockage  is  modeled  consis ten t  with  the  spacecraf t  RF  Inhibit  
map  found  in  the  FSW  table,  HGA_RF_INHIB_TABLE  (table  numbe r  
=  138).   An additional  margin  of  +0.5  degrees  in  elevation  angle  
has  been  included  in  the  FDS.

b. TONS  Limit:   
           Elevation  angle  great e r  than  – 5  degrees
c. Sun  Interfe re nc e:

7  degrees  AM1  line  of  sight  to  TDRS
4  degrees  TDRS  line  of  sight  to  AM1

d. Azimuth/Eleva tion  Rate  Limits:

Keyhole  passes ,  flying  direc tly  under  TDRS,  that  violate  the  HGA
azimuth  or  elevation  rate  limits  of  0.6  degrees / second  have  been
modeled  as  a  Latitude/Longi tude  exclusion  zone.   The  zone  is
charac t e r ized  separa t e ly  for  both  ascending  node  and  descending
node  contact s  and  are  defined  in  a  memo  titled  “HGA  Contact  Gaps
due  to  Keyhole  Passage s” .

e. HGA  Gimbal  Position  Limits:  

There  are  two  sets  of  const rain t s  on  gimbal  position  limits,  hard
const ra in t s  and  soft  const rain t s .  The  soft  const r ain t s  is  used  by  FDS
for  planning  purposes .   

The  default  values  for  the  limits  with  respec t  to  the  HGA  are:

az.  (deg) el.  (deg)

Hardwa r e : +/–  202.0 +97.0/–29.0

Firmware : +/–  200.5 none
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Software: +/–  194.0 +90.0/–26.0

Note: The  software  azimuth  limits  are  found  in  locations  1  and  2
of  the  FSW  table,  HGA_TRACK_TABLE  (table  numbe r  =  135).
The  elevation  limits  are  found  in  locations  3  and  4.

3.83.5 Delivery  Schedule

This  produc t  is  delivered  once  per  week  for  the  7-week  product  and  once
daily  for  the  7-day  produc t .

3 .83.6 Timespan

The  timespans  for  these  produc ts  are  7-weeks  and  7-days.

3.83.7 Transmission  Medium

3.83.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.83.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 83.8 Volume  Estimate

The  volume  estimate s  are  based  on  68  bytes  for  the  heade r  record  and  48
bytes  for  each  data  record.

3 . 8 4 Zenith  Omni  to  TDRSS  Viewin g  Times

3.84.1 Descript ion

The  FDS  will  provide  the  EOC  with  viewing  times  for  the  zenith- pointing
OMNI  antenn a  to  each  of  the  opera t ional  TDRS  used  for  EOS  Terra.   The
view  periods  are  specified  as  a  pair  of  star t  and  end  times  of  the  view  in
UTC  format.   The  heade r  record  will  specify  the  time  span  covered  by  the
data  in  the  file  as  star t  and  end  times.   There  is  a  data  record  for  each
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possible  view  from  each  TDRS  to  the  Terra  zenith  Omni  antenn a  for  the
time  span  specified  in  the  header  record.   This  product  is  genera t e d  using  a
nominal  predicted  mission  atti tude ,  unless  attitude  maneuve rs  are  to  be
perform ed .   The  data  records  is  in  time  order  based  on  the  “AOS”  field.

3.84.2 Mission  Phase

This  produc t  is  delivered  during  all  phases  of  the  mission.

3.84.3 Format

Head er  Record:  68  bytes.

Field
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  Id 8 The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  Type 14 The  view  indicato r  specifies  the  pair  that  
the  views  are  provided  for.  The  only  valid
value  is  OMNIZTDRS

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS
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Data  Record s:   48  bytes.

Field
Nam e

Maxim u m
Field  
Width

Des cr ipt i o n

TDRS  ID 6 The  ID of  the  TDRS  that  can  be  seen  by  
the  zenith  Omni.  The  valid  values  are  
TDX with  X =  1,3,4,5,  
6,7,8,9,10,11,12,13,  …up  to  99.  

AOS 14 The  star t  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS

LOS 14 The  end  time  of  the  view  period  in  the  
form  YYYYDDD.HHMMSS

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Forma t  is  
XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is  
XXXXXX.

Sampl e  Head er  Record

AM1 OMNIZTDRS 1999225.123034 1999230.000000 1999232.235900\n

Sampl e  Data  Record s

TD1 1999230.100000 1999230.105500 6043 6043\n
TD1 1999230.110100 1999230.114210 6043 6043\n
TD4 1999230.121400 1999230.150508 6043 6043\n

3.84.4 Accuracy

The  produc ts  will  produce  an  accuracy  of  60  seconds  absolute  UTC  at  the
end  of  a  3  week  predic tion.

Constra i n t s :  The  view  periods  are  filtered  so  that  the  following  const r ain t s
are  not  violated  when  the  OMNI  points  to  the  TDRS:

a. Structu r a l  blockage:   An azimuth/eleva t ion  map  that  accoun t  for  HGA  
and  average  Solar  Array  blockage  in  addition  to  the  zenith/nadi r  
omni  antenn a  cross  interfe renc e  region  is  applied  to  the  Zenith  
Omni  antenna  sensor .

b. Sun  Interfe re nc e:   4  degrees  TDRS  line  of  sight  to  Terra
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3.84.5 Delivery  Schedule

This  produc t  is  delivered  once  per  week  for  the  7-week  product  and  once
per  day  for  the  7-day  produc t .

3 .84.6 Timespan

The  timespan  for  the  produc ts  is  7-weeks  and  7-days.

3.84.7 Transmission  Medium

3.84.7.1 Prime  Medium

The  produc ts  is  delivered  to  the  EOC  via  SFTP.

3.84.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 84.8 Volume  Estimate

The  volume  estimate  is  based  on  68  bytes  for  the  heade r  record  and  48
bytes  for  each  data  record,  which  is  based  on  the  number  of  view  periods
for  the  delivery.  

3 . 8 5 TAM  FDIR  Predic t  Table

3.85.1 Descript ion

The  FDD  will  provide  the  EOC  with  Three- Axis  Magne tom e t e r  (TAM)  fault
detec t ion  isolation  and  recovery  (FDIR)  predic t  tables  required  for  onboard
fault  detec tion  during  attitude  maneuver s .  

3 . 85.2 Mission  Phase

The  TAM  FDIR  predict  table  is  delivered  during  the  Checkou t  and
Opera t ional  phase .
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3.85.3 Format

The  table  consists  of  the  following:

a. The  epoch  time  of  the  first  predict  in  the  table
b. The  time  interval  between  predicts  in  the  table  (between  1  and  3600  

seconds)
c. A set  of  200  geomagn e t ic  field  vectors  in  the  J2000  ECI  frame.   If 

fewer  than  200  vectors  are  provided,  the  remaining  records  is  zero  
filled.

Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   FDIR_TAM_PREDICTS_TBL
b. Table  Number :   152

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   
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Table  
Field  
Nu mb e r

Dat
a

Typ
e

Unit Des cr ipt i o n

1 IT days Number  of  days  from  January  1,  1958.   
Maximum  value  is  65635.

2 LI ms Milliseconds  of  day.   Normally  the  value
is  less  than  86400000.

3 IT µs Microseconds  of  millisecond.
4 LF s Data  interval
5 LF milliGau

ss
ECI  X componen t  of  the  magne tic  field

6 LF milliGau
ss

ECI  Y componen t  of  the  magne tic  field

7 LF milliGau
ss

ECI  Z componen t  of  the  magne tic  field

8  – 604 LF milliGau
ss

Preceding  3  records  are  repea t e d  199  
times  more.

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 FDIR_TAM_PREDICTS_TBL 152 5\
 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 14689\n
2 43527680\n
3 0000\n
4 65.5360\n
5 291.58\n
6 -134.43\n
7 -125.27\n
8 284.20\n
9 -138.42\n
10 –171.06\n
.
.
.
602 128.22\n
603 –205.34\n
604 –155.40\n

3.85.4 Accuracy  

There  is  no  accuracy  require m e n t  for  this  produc t .
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3.85.5 Delivery  Schedule

The  produc t  is  delivered  as  needed  during  the  Checkout  and  Opera t ional
phases .

3.85.6 Timespan

The  nominal  timespan  for  this  product  is  13042  seconds.

3.85.7 Transmission  Medium

3.85.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.85.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 85.8 Volume  Estimate
 
The  volume  of  one  full  table  is  16455  (=  137  +  604*27)  bytes.

3 . 8 6 Thrust er  Control  Param e t e r s  Table

3.86.1 Descript ion

This  table  contains  the  values  for  the  torque  level  for  each  axis  (roll,  pitch,  
and  yaw).   

3 . 86.2 Mission  Phase

This  produc t  is  provided  during  all  mission  phases .   

3 . 86.3 Format
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Head er  Record:   137  bytes

Details  for  the  format  are  given  in  Appendix  F.2.   

Values  for  the  fields  that  are  unique  to  this  produc t  are  as  follows:

a. Table  Name:   THRUSTER_CONTROL_PARS_TBL
b. Table  Number :   105

Data  Record s:   27  bytes

Detailed  format  for  a  data  record  is  given  in  Appendix  F.2.   The  following  
provides  additional  details  rega rding  the  conten ts  of  the  data  records .   

Table  Field
Nu mb e r

Data
Type

Unit Des cr ipt i o n

1 LF 1/ft- lb Roll  torque  level
2 LF 1/ft- lb Pitch  torque  level
3 LF 1/ft- lb Yaw  torque  level

Sampl e  Head er  Record

AM1 TABLELOAD 1996123.001122 THRUSTER_CONTROL_PARS_TBL \
105 5 1996124.112233 1996124.221133 1996124.123344 1996124.213344\n

Sampl e  Data  Record s

1 2.6942544800E-01\n
2 1.2178167800E-01\n
3 1.2175651700E-01\n

3.86.4 Accuracy  

The  accuracy  for  this  produc t  is  best  effort.

3 . 86.5 Delivery  Schedule

The  produc t  is  delivered  pre  maneuve r  at  burn- 48  hours  and  burn- 24  hours.

3.86.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .
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3.86.7 Transmission  Medium

3.86.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

3.86.7.2 Backup  Medium

The  backup  trans mission  medium  for  this  produc t  is  a  40GB  Native  DLTtape
IV.

3.86.8 Volume  Estimate
 
The  volume  of  one  full  table  is  218  (=137  +  3*27)  bytes.

3 . 8 7 CERES  FOV  Moon  Intrus i o n  Time s

3.87.1 Descript ion

The  FDS  provides  the  EOC  with  the  CERES  FOV  moon  intrusion  times  that
are  used  for  CERES  activity  scheduling.   The  CERES  FOV  moon  intrusion
times  are  defined  in  terms  of  the  moon- avoidance  zone  whose  concept  is
similar  to  that  of  the  Sun- avoidance  zone.   The  lunar  avoidance  zone  is
defined  by  two  lunar  elevation  angles  that  encompas s  the  region  of  the  orbit
between  the  limb  of  the  Earth  with  respec t  to  the  moon  and  the  horizon  of
the  spacecraf t  – near  moonrise  or  moonse t .   It  is  independ e n t  of  the  moon’s
azimuth  angle.   
The  following  values  for  the  upper  and  lower  bounds  of  the  moon  elevation
angles  are  used  for  the  CERES  planning  purposes:

a. Lower  bound  of  moon  avoidance  zone  =  –30  degrees  (moon  elevation  
angle)

b. Upper  bound  of  moon  avoidance  zone  =  5  degree s  (moon  elevation  
angle)

3.87.2 Mission  Phase

This  produc t  is  delivered  during  the  Checkout  and  Operat ional  phases .
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3.87.3 Format

Head er  Record:   68  bytes.

Field  
Nam e

Maxim u m
Field

Width

Descript i o n

Satellite  ID 8 The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).   

File  Type 14 This  field  indicate s  the  type  of  file.   The  
only  valid  value  is  CER_MOON_ENTRY.

File  
Creation  
Time

14 Creation  date  of  the  file  in  the  form:   
YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  creation  span  of  
the  file  in  the  form  
YYYYDDD.HHMMSS.

End  Time  of
the  file

14 The  end  time  of  the  creat ion  span  of  the
file  in  the  form  YYYYDDD.HHMMSS.

Data  Record s:  29  bytes

Field  Nam e
Maxim u
m  Field
Width

Descript i o n

Entry  Time  of
Moon-
avoidance  
Zone

14 The  time  when  the  CERES  will  ente r  
the  moon- avoidance  zone.   Format  is  
YYYYDDD.HHMMSS.

Exit  Time  of  
Moon-
Avoidance  
Zone

14 The  time  when  the  CERES  will  leave  
the  moon- avoidance  zone.   Format  is  
YYYYDDD.HHMMSS.

Sampl e  Head er  Record

AM1 CER_MOON_ENTRY 2000068.000000 2000070.000000 2000072.235900\n

Sampl e  Data  Record s

2000070.100000 2000070.101000\n

197
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

3.87.4 Accuracy

The  accuracy  required  is  30  seconds  after  9  days.

3.87.5 Delivery  Schedule

The  produc t  is  delivered  weekly  (7-week  produc t)  and  daily  (7-day  produc t) .

3 . 87.6 Timespan

The  produc ts  have  a  7  week  and  7  day  timespans .

3.87.7 Transmission  Medium

3.87.7.1 Prime  Medium

The  produc t  are  transfe r r e d  to  the  EOC  via  SFTP.

3.87.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

3 . 87.8 Volume  Estimate

The  volume  estimate  is  (68  +  29  * (number  of  data  record))  bytes.

3 . 8 8 TDRS  Mini m u m  Ray  Path  Heig h t

3.88.1 Descript ion

FDS  delivers  to  the  EOC  a  table  of  Terra  to  all  opera t ional  TDRSS  line  of
sight  viewing  entranc e  and  exit  times,  where  any  path  through  the
atmosphe r e  below  680  km  (this  height  can  be  adjusted  as  necessa ry)  is
conside red  obstruc t e d .   The  records  in  the  table  are  the  obst ruc t ed  times
and  is  time  ordered .

3.88.2 Format
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Head er  Record

Field  Nam e Maxim u
m  Field
Width

Des cr ipt i o n

Satellite  Id 8 The  satellite  ID  of  the  Terra  spacec raf t
(“AM1”).

File  Type 14 The  view  indicator  specifies  the  pair  that
the  views  are  provided  for.  The  only  valid
value  is  “MINRAYPATH”.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the
form,  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  span  of  the  file  in
the  form,  YYYYDDD.HHMMSS.

End  Time  of  
the  file

14 The  end  time  of  the  span  of  the  file  in  the
form,  YYYYDDD.HHMMSS.

Data  Record s

Field  Nam e Maxim u
m  Field
Width

Des cr ipt i o n

TDRS  ID 6 The  ID  of  the  TDRS  that  has  a  view  of
the  Terra  spacec raf t .  The  valid  values
are  TDX  with  X  =
1,3,4,5,6,7,8,9,10 ,11,12,13,  …up  to  99.  

AOS 14 The  star t  time  where  the  line  of  sight
between  a  TDRS  and  Terra  travels  below
the  specified  atmosphe r e  height  in  the
form,  YYYYDDD.HHMMSS.

LOS 14 The  end  time  where  the  line  of  sight
between  a  TDRS  and  Terra  travels  above
the  specified  atmosphe r e  height  in  the
form,  YYYYDDD.HHMMSS.

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Forma t  is
XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is
XXXXXX.
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Sampl e  Head er  Record:

AM1  MINRAYPATH  2008353.15320 8  2008354.0000 00  2008361.00000 0\n

Sampl e  Data  Record s:

TD3  2008354.00221 8  2008354.0035 27  35253  35253\n
TD10  2008354.00360 8  2008354.00470 5  35253  35253\n
TD4  2008354.00361 8  2008354.0048 20  35253  35253\n
TD5  2008354.00381 6  2008354.0044 27  35253  35253\n

3.88.3 Delivery

The  product  is  delivered  during  all  phases  of  the  mission.   There  are  two
time  spans  of  the  product ,  7  day  and  7  week,  and  they  are  delivered  daily
and  weekly,  respec t ively.

3.88.4 Accuracy

After  3  weeks  the  produc t  is  to  have  an  accuracy  of  ±60  seconds.

3.88.5 End  Users

This  produc t  is  needed  by  FOT.

3 . 8 9 HGA  Hotzon e  Time s

3.89.1 Descript ion

FDS  delivers  to  the  FOT  a  table  of  all  opera t ional  TDRSS  time  intervals
during  which  the  angle  betwee n  the  TDRSS- Earth  and  Earth- Sun  vectors
(projected  onto  the  Earth’s  equa to rial  plane)  is  betwee n  the  critical  values
of  155  degrees  and  240  degrees .   The  times  exclude  when  Terra  is  in
spacecr af t  night  (penum br al  shadow).

3.89.2 Format

Head er  Record
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Field  Nam e Maxim u
m  Field
Width

Descript i o n

Satellite  ID 8 The  satellite  ID of  the  Terra  spacec raf t  
(“AM1”)

File  Type 7 The  file  descrip to r .  The  only  valid  value  
is  “HOTZONE”.

File  
Creation  
Time

14 Time  when  the  file  was  crea ted  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  file  conten ts  in  the  
form  YYYYDDD.HHMMSS.

End  Time  of  
the  file

14 The  end  time  of  the  file  conten t s  in  the  
form  YYYYDDD.HHMMSS.

Data  Record s

Field  Nam e Maxim u
m  Field
Width

Des cr ipt i o n

TDRS  ID 6 The  ID of  the  TDRS.  The  valid  values  are
TDX with  X =  
1,3,4,5,6,7,8,9,10 ,11,12,13,  …up  to  99.

AOS 14 The  star t  time  when  the  angle  between  a
TDRSS,  the  Earth  and  the  Sun  is  
between  the  specified  angle  range  in  the
form,  YYYYDDD.HHMMSS.

LOS 14 The  end  time  when  the  angle  between  
TDRSS,  the  Earth  and  the  Sun  is  
between  the  specified  angle  range  in  the
form,  YYYYDDD.HHMMSS.

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Format  is  
XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is  
XXXXXX.

Sampl e  Head er  Record:

AM1 HOTZONE 2017268.170833 2017268.000000 2017317.000000\n

Sampl e  Data  Record s:
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TD6 2017268.012934 2017268.023434 94521 94521\n
TD12 2017268.013012 2017268.023412 94521 94521\n
TD6 2017268.030834 2017268.041334 94522 94522\n

3.89.3 Delivery

The  product  is  delivered  during  the  opera t ional  phase  of  the  mission.   The
time  span  of  the  produc t  is  7  weeks,  delivered  weekly.  The  produc t  will  be
transfe r r e d  to  the  EOC  via  SFTP.

3.89.4 Accuracy

The  produc t  will  produce  an  accuracy  of  60  seconds  absolute  UTC  at  the
end  of  a  3-week  predic tion.

3.89.5 End  Users

This  produc t  is  used  by  the  FOT.

3 . 9 0 HGA  to  TDRS  Azimut h  Keyhol e

3.90.1 Descript ion

FDS  delivers  to  the  EOC  a  table  of  all  opera t ional  TDRSS  azimuth  keyhole
star t  and  end  times,  where  azimuth  keyhole  passes  are  defined  as  Terra
flying  direc tly  under  TDRS  that  potentially  violate  the  HGA  azimuth  and
elevation  rate  limits  of  0.6  degrees/ second .  The  records  in  the  table  are  the
obst ruc t ed  times  and  will  be  time  ordered .

3.90.2 Format

Head er  Record

Field  Nam e Maxim u
m  Field
Width

Descript i o n

Satellite  ID 8 The  satellite  ID of  the  Terra  spacec raf t  
(“AM1”)

File  Type 10 The  file  descrip to r .  The  only  valid  value  
is  “AZIKEYHOLE.”
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File  
Creation  
Time

14 Time  when  the  file  was  crea ted  in  the  
form  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  file  conten ts  in  the  
form  YYYYDDD.HHMMSS.

End  Time  of  
the  file

14 The  end  time  of  the  file  conten t s  in  the  
form  YYYYDDD.HHMMSS.

Data  Record s

Field  Nam e Maxim u
m  Field
Width

Des cr ipt i o n

TDRS  ID 6 The  ID of  the  TDRS.  The  valid  values  are
TDX with  X =  
1,3,4,5,6,7,8,9,10 ,11,12,13,  …up  to  99.

AOS 14 The  star t  time  of  the  keyhole  interval  in  
the  form  YYYYDDD.HHMMSS.

LOS 14 The  end  time  of  the  keyhole  interval  in  
the  form  YYYYDDD.HHMMSS.

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Format  is  
XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is  
XXXXXX.

Sampl e  Head er  Record:

AM1 AZIKEYHOLE 2017268.170712 2017268.000000 2017317.000000\n

Sampl e  Data  Record s:

TD7 2017272.045952 2017272.051831 94581 94581\n
TD6 2017275.134445 2017275.140334 94630 94630\n
TD6 2017280.014204 2017280.020051 94696 94696\n

3.90.3 Delivery

The  product  is  delivered  during  the  opera t ional  phase  of  the  mission.   The
time  span  of  the  produc t  is  7  weeks,  delivered  weekly.  The  produc t  will  be
transfe r r e d  to  the  EOC  via  SFTP.
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3.90.4 Accuracy

The  produc t  will  produce  an  accuracy  of  60  seconds  absolute  UTC  at  the
end  of  a  3-week  predic tion.

*0 Azimuth/Eleva tion  Rate  Limits:
Keyhole  passes ,  flying  direc tly  under  TDRS,  that  violate  the  HGA

azimuth  or  elevation  rate  limits  of  0.6  degrees / second  have  been
modeled  as  a  Latitude/Longi tude  exclusion  zone.   The  zone  is
charac t e r ized  separa t e ly  for  both  ascending  node  and
descending  node  contact s  and  is  defined  in  a  memo  titled  “HGA
Contact  Gaps  due  to  Keyhole  Passages”.

*1 HGA  Gimbal  Position  Limits:  

There  are  two  sets  of  const r ain t s  on  gimbal  position  limits,  hard
const ra in t s  and  soft  const rain t s .  The  soft  const r ain t s  will  be  used  by
FDS  for  planning  purposes .   The  default  values  for  the  limits  with
respec t  to  the  HGA  are:

az.  (deg) el.  (deg)

Hardwa r e : +/–  202.0 +97.0/–29.0

Firmware : +/–  200.5 none

Software: +/–  194.0 +90.0/–26.0

Note: The  software  azimuth  limits  are  found  in  locations  1  and  2
of  the  FSW  table,  HGA_TRACK_TABLE  (table  numbe r  =  135).
The  elevation  limits  are  found  in  locations  3  and  4.

3.90.5 End  Users

This  produc t  is  used  by  the  FOT.

3 . 9 1 HGA  to  TDRS  Elevat io n  Keyhol e

3.91.1 Descript ion

FDS  delivers  to  the  EOC  a  table  of  all  opera tional  TDRSS  elevation- only
keyhole  star t  and  end  times,  where  elevation  keyhole  passes  are  defined  as
Terra  flying  directly  under  TDRS  that  poten tially  violate  the  HGA  elevation
rate  limits  of  0.6  degrees / second .  The  records  in  the  table  are  the
obst ruc t ed  times  and  will  be  time  ordered .
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3.91.2 Format

Head er  Record

Field  Nam e Maxim u
m  Field
Width

Descript i o n

Satellite  ID 8 The  satellite  ID of  the  Terra  spacec raf t  
(“AM1”)

File  Type 11 The  file  descrip to r .  The  only  valid  value  
is  “ELEVKEYHOLE”.

File  
Creation  
Time

14 Time  when  the  file  was  crea ted  in  the  
form,  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  file  conten ts  in  the  
form  YYYYDDD.HHMMSS.

End  Time  of  
the  file

14 The  end  time  of  the  file  conten t s  in  the  
form  YYYYDDD.HHMMSS.

Data  Record s

Field  Nam e Maxim u
m  Field
Width

Des cr ipt i o n

TDRS  ID 6 The  ID of  the  TDRS.  The  valid  values  are
TDX with  X =  
1,3,4,5,6,7,8,9,10 ,11,12,13,  …up  to  99.

AOS 14 The  star t  time  of  the  keyhole  interval  in  
the  form  YYYYDDD.HHMMSS.

LOS 14 The  end  time  of  the  keyhole  interval  in  
the  form  YYYYDDD.HHMMSS.

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Format  is  
XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is  
XXXXXX.

Sampl e  Head er  Record:

AM1 ELEVKEYHOLE 2017268.170724 2017268.000000 2017317.000000\n

Sampl e  Data  Record s:
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TD6 2017268.011540 2017268.013518 94521 94521\n
TD12 2017268.012300 2017268.013804 94521 94521\n
TD11 2017268.092812 2017268.095236 94526 94526\n

3.91.3 Delivery

The  product  is  delivered  during  the  opera t ional  phase  of  the  mission.   The
time  span  of  the  produc t  is  7  weeks,  delivered  weekly.  The  produc t  will  be
transfe r r e d  to  the  EOC  via  SFTP.

3.91.4 Accuracy

The  produc t  will  produce  an  accuracy  of  60  seconds  absolute  UTC  at  the
end  of  a  3-week  predic tion.

*2 Azimuth/Eleva tion  Rate  Limits:
Keyhole  passes ,  flying  direc tly  under  TDRS,  that  violate  the  HGA

azimuth  or  elevation  rate  limits  of  0.6  degrees / second  have  been
modeled  as  a  Latitude/Longi tude  exclusion  zone.   The  zone  is
charac t e r ized  separa t e ly  for  both  ascending  node  and
descending  node  contact s  and  is  defined  in  a  memo  titled  “HGA
Contact  Gaps  due  to  Keyhole  Passages”.

*3 HGA  Gimbal  Position  Limits:  

There  are  two  sets  of  const r ain t s  on  gimbal  position  limits,  hard
const ra in t s  and  soft  const rain t s .  The  soft  const r ain t s  will  be  used  by
FDS  for  planning  purposes .   The  default  values  for  the  limits  with
respec t  to  the  HGA  are:

az.  (deg) el.  (deg)

Hardwa r e : +/–  202.0 +97.0/–29.0

Firmware : +/–  200.5 none

Software: +/–  194.0 +90.0/–26.0

Note: The  software  azimuth  limits  are  found  in  locations  1  and  2
of  the  FSW  table,  HGA_TRACK_TABLE  (table  numbe r  =  135).
The  elevation  limits  are  found  in  locations  3  and  4.

3.91.5 End  Users

This  produc t  is  used  by  the  FOT.
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3 . 9 2 HGA  Keyhol e  Sun  Interfer e n c e  Time s

3.92.1 Descript ion

FDS  delivers  to  the  EOC  a  table  of  intervals  in  which  the  angle  between  all
opera tional  TDRSS  and  Terra  HGA  and  the  Terra  HGA-Sun  vectors  is  less
than  7  degrees  (inspec t ed  at  60- second  intervals).   These  periods  are
conside red  times  in  which  Terra  must  stop  tracking  the  TDRS  and  park  its
HGA.  The  records  in  the  table  are  the  obst ruc t e d  times  and  will  be  time
ordered .

3.92.2 Format

Head er  Record

Field  Nam e Maxim u
m  Field
Width

Descript i o n

Satellite  ID 8 The  satellite  ID of  the  Terra  spacec raf t  
(“AM1”)

File  Type 12 The  file  descrip to r .  The  only  valid  value  
is  “SOLARKEYHOLE”.

File  
Creation  
Time

14 Time  when  the  file  was  crea ted  in  the  
form,  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

14 The  star t  time  of  the  file  conten ts  in  the  
form  YYYYDDD.HHMMSS.

End  Time  of  
the  file

14 The  end  time  of  the  file  conten t s  in  the  
form  YYYYDDD.HHMMSS.

Data  Record s

Field  Nam e Maxim u
m  Field
Width

Des cr ipt i o n

TDRS  ID 6 The  ID of  the  TDRS.  The  valid  values  are
TDX with  X =  
1,3,4,5,6,7,8,9,10 ,11,12,13,  …up  to  99.

AOS 14 The  star t  time  where  the  TDRS- Terra-
Sun  angle  travels  below  the  specified  
angle  in  the  form,  YYYYDDD.HHMMSS.
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LOS 14 The  end  time  where  the  TDRS- Terra- Sun
angle  travels  above  the  specified  angle  
in  the  form,  YYYYDDD.HHMMSS.

Orbit  
Number  at  
AOS

6 Orbit  number  of  AOS.   Format  is  
XXXXXX.

Orbit  
Number  at  
LOS

6 Orbit  number  of  LOS.   Format  is  
XXXXXX.

Sampl e  Head er  Record:

AM1 SOLARKEYHOLE 2017268.170736 2017268.000000 2017317.000000\n

Sampl e  Data  Record s:

TD7 2017268.062732 2017268.063132 94524 94524\n
TD6 2017268.144122 2017268.150722 94529 94529\n
TD10 2017268.230726 2017268.232726 94534 94534\n

3.92.3 Delivery

The  product  is  delivered  during  the  opera t ional  phase  of  the  mission.   The
time  span  of  the  produc t  is  7  weeks,  delivered  weekly.  The  produc t  will  be
transfe r r e d  to  the  EOC  via  SFTP.

3.92.4 Accuracy

The  produc t  will  produce  an  accuracy  of  60  seconds  absolute  UTC  at  the
end  of  a  3-week  predic tion.

3.92.5 End  Users

This  produc t  is  used  by  the  FOT.

3 . 9 3 FDS  Checkl i s t  

3.93.1 Descript ion

FDS  delivers  to  the  EOC  the  daily  FDS  checklist .  This  checklist  contains  the
steps  and  quality  checks  performe d  by  the  FDS  team  each  day  in
conjunction  with  produc t  genera t ion.   It  includes  input  data  review,
AutoProduc t s  setup,  post- genera t ion  validation  including  TDRSS  maximum
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position  and  velocity  compares ,  quality  assura nc e  steps,  and  pre-  and  post-
delivery  checks.

3.93.2 Format

The  file  is  a  PDF  file  with  the  following  structu r e :

3.93.3 Delivery

The  product  is  delivered  during  all  phases  of  the  mission.   The  file  is
delivered  nominally  once  per  day  for  both  daily  and  weekly  produc t  sets .   If
a  second  set  of  produc ts  is  genera t e d  and  delivered ,  a  second  checklist  will
also  be  delivered.   The  produc t  will  be  transfe r r e d  to  the  EOC  via  SFTP.
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i. File  nam e .   We  prefer  the  time s t a m p  option .  This  will  avoid  the
need  for  version i n g .   There  is  rarely  a  sec o n d  chec k l i s t  deliver ed .
We  will  adjus t  the  expec t e d  filen a m e  to  the  followin g:
1. [Aqua |A ura |T erra ]_CHECKLIST_DOY_YYYY_HHMMS S . p d f
2. The  exte n s i o n  is  .PDF
3. There  is  nomi n a l ly  only  one  delivery.  If  produ ct s  are  gen er a t e d
in  the  mornin g  and  an  RMM  is  execu t e d ,  we  may  rege n e r a t e
produ c t s  and  a  corres p o n d i n g  check l i s t .  This  condi t i o n  is  pret ty
rare,  but  stil l  poss ib l e .
ii. The  delivery  locat io n s  are:
1. Aqua:  /mm s_p m/ < s y s t e m > / p m 1 / e x t e r n a l / fdf /
2. Aura:  /mms_c h/ < s y s t e m > / c h 1 / e x t e r n a l / fdf /
3. Terra:  /mm s/ < s y s t e m > / a m 1 / e x t e r n a l / fd f /
Where   <sys t e m >  is  ops 1 ,  ops2 ,  or  sup1

3.93.4 Accuracy

Best  available.

3.93.5 End  Users

This  produc t  is  used  by  the  FOT.

3 . 9 4 Inclina t i o n  (Yaw)  Data  File  

210
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

3.94.1 Descript ion

The  FDS  models  inclination  and  ret rog ra d e  maneuver s  that  occur  in  the
predicted  epheme r i s  span.   They  provide  a  produc t  called  INCDATA*
wheneve r  an  inclination  or  ret ro  burn  is  included  in  the  produc t  span.   The
produc t  records  are  time  ordere d .   

*Although  the  produc t  name  is  INCDATA,  it  contains  the  yaw  angle  and  offsets  that
are  applicable  to  both  inclination  and  ret rog r ad e  maneuver s .

3.94.2 Mission  Phase

The  produc t  is  to  be  delivered  during  all  phases .

3.94.3 Format

The  repor t  contains  informa tion  on  the  inclination  or  retrogra d e  burn
including  planned  burn  time,  yaw  angle,  and  angle  offset.  

Head er  Record:   76  bytes

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

Satellite  ID 8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type 14 The  file  type  is  INCDATA.
File  
Creation  
Time

14 Format  is  YYYYDDD.HHMMSS.

Star t  Time  
of  the  file

18 The  star t  time  of  the  creation  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.SSS.

End  Time  of
the  file

18 The  end  time  of  the  creat ion  span  of  the  
file  in  the  form  YYYYDDD.HHMMSS.SSS.  
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Data  Record s:   56  bytes

Field  
Nam e

Maxim u m
Field

Width

Des cr ipt i o n

IAM  
Number

2 Format  is  XX  

Time  of  
maneuve r

18 Format  is  YYYYDDD.HHMMSS.SSS  

Burn  
dura t ion

7 Format  is  SSS.SSS

Comman d e
d  yaw  angle

6 Comman d e d  yaw  angle.   Format  is  
XXX.XX

Yaw  angle  
offset

4 Difference  between  comman d e d  yaw  and
FDS  predicted  yaw.  Format  is  XXX.XX

Sampl e  Head er  Record

AM1 INCDATA 2020047.154928 2020048.000000 2020097.000000\n

Sampl e  Data  Record

57 2020051.143343.000 320.000 -91.04 0.24\n

3.94.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   

3 . 94.5 Delivery  Schedule

The  produc t  is  delivered  weekly.

3.94.6 Timespan

The  timespan  for  this  product  is  7  weeks.   If  there  is  no  inclination  or
retrogr ad e  maneuver  within  the  seven  weeks,  the  file  is  empty.

3.94.7 Transmission  Medium

3.94.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP .
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3.94.7.2 Backup  Medium

The  produc t  is  transfe r r e d  via  FAX to  the  EOC.   

3 . 94.8 Volume  Estimate

The  volume  estimate  for  this  produc t  is  448  bytes  per  delivery  (if  there  are
8  maneuve r s) .
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S e c t i o n  4 .   EOC  to  FDS  Produc t s

4 . 1 Produ c t  Sum m ary  Chart

Table  4-1  summarizes  all  produc t s  that  is  transfe r r e d  from  the  EOC  to  the
FDS.  The  following  sections  give  more  detail  about  each  produc t .

Table  4- 1.  Sum m a ry  of  EOC  to  FDS  Produ ct s

Produ ct
Nam e

IC
D

Sec

Purpos e Delivery
Sche d u l e

Time s p a n Mediu m
(Prim e / B k

up)

Real- Time  
Attitude  
Telemet ry

4.1 RTADS  
ops

Each  real-
time  pass

Length  of  
pass

via  Eclipse/
(N/A)

Non- Real-
Time  
Attitude  
Telemet ry

4.2 Calibra ti
on/Trend
ing

As reques t e d
by  FDS

As 
reques t e d  
by  FDS

SFTP/Tape

Real- Time  
TONS  
Telemet ry

4.3 TONS  
monitori
ng

Each  real-
time  pass

Length  of  
pass

via  Eclipse/
(N/A)

Non- Real-
Time  TONS  
Telemet ry

4.4 TONS  
assess m
ent

As reques t e d
by  FDS

As 
reques t e d  
by  FDS

SFTP/Tape

TONS  
Param e t e r  
Change  
Report

4.5 TONS  
assess m
ent

As needed  N/A Hardcopy/F
AX

Maste r  
Oscillator  
Freque ncy  
Adjustmen t  
Report

4.6 Analysis Two  days  
prior  to  
event;  
One  hour  
prior  to  
event;  

N/A Hardcopy/F
AX
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Produ ct
Nam e

IC
D

Sec

Purpos e Delivery
Sche d u l e

Time s p a n Mediu m
(Prim e / B k

up)

Tracking  
Schedule

4.7 Maneuve
r  
Planning

One  week  
prior  to  time  
of  first  entry

1  week SFTP/Hardc
opy

Onboard  
Naviga tion  
System  
Flight  
Software  
Update s

4.8 TONS  
S/W  
evaluat io
n

Every  6  
months  
during  
Opera t ions  
Phase

N/A SFTP/(N/A)

Real- Time  
Propulsion  
Telemet ry

4.1
0

Maneuve
r  
Calibra ti
on

As needed  
during  
Opera t ions  
Phase

N/A via  Eclipse/
(N/A)

TDRS  
Naming  
Convention  
Map

4.1
2

Product  
Genera t i
on

Once  
prelaunch  
and  
wheneve r  
updated

N/A SFTP/Hardc
opy

Non- Real-
Time  
Propulsion  
Telemet ry

4.1
3

Maneuve
r  
calibra ti
on

As reques t e d
by  FDS

As 
reques t e d  
by  FDS

SFTP/Tape

TONS  State  
with  
Covariance  
Data

4.1
4

Product  
Genera t i
on

Daily/As  
reques t e d  by
FDS

As 
reques t e d  
by  FDS

SFTP

4 . 2 Real- Time  Attitud e  Tele m e try

4.2.1 Descript ion

The  EOC  will  deliver  to  the  FDS  real- time  teleme t ry  using  Eclipse.   Refer  to
Appendix  B for  detailed  about  the  real- time  teleme t ry  interface  between  the
FDS  and  the  EOC.  
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4.2.2 Mission  Phase

The  product  is  delivered  during  all  phases  of  the  mission.   Prelaunch
deliveries  is  negotia t ed  to  obtain  realistic  telemet ry  from  the  EOS  Terra
spacecr af t  and/or  a  spacec raf t  simula tion,  whenever  possible  for  the
purpose  of  interface  testing.   All  other  times  prelaunch  simulated  telemet ry
data  is  used  for  training  and  testing.   

4 . 2.3 Format

Refer  to  Appendix  B.   

4 . 2.4 Accuracy

The  accuracy  of  each  telemet ry  entry  is  as  defined  by  the  least  significant
bit  as  established  in  Reference  3.

4.2.5 Delivery  Schedule

The  real- time  teleme t ry  delivery  schedule  during  the  prelaunch  phase  is
negotia t ed  each  time  as  reques t s  are  made.

The  real- time  teleme t ry  delivery  schedule  during  the  Launch/Acquisi t ion
through  the  Checkout  phases  is  for  passes  scheduled  at  the  reques t  of
either  the  FDS  or  EOC  for  monitoring  purposes .

4.2.6 Timespan

The  timespan  of  each  delivery  is  defined  by  simulation  dura tion  or  allotted
time  with  the  actual  spacec raf t  during  the  prelaunch  phase .

For  all  other  phases  the  timespan  of  each  delivery  is  dete rmine d  by  the
length  of  each  real- time  pass.

4.2.7 Transmission  Medium

4.2.7.1 Prime  Medium

Refer  to  Appendix  B.

4.2.7.2 Backup  Medium

There  is  no  backup  medium  for  this  product .
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4.2.8 Volume  Estimate

The  volume  estimate  is  based  on  the  param e t e r s  which  are  selected  by  FDS,
which  is  variable .

4 . 3 Non- Real- time  Attitud e  Tele m e t ry

4.3.1 Descript ion

The  EOC  will  deliver  to  the  FDS  non- real- time  telemet ry  for  the  purpose  of
calibra tion  of  the  atti tude  sensors  and  other  analysis  relating  to  attitude
dete rmina t ion.   The  playback  data  is  an  SFTP  transfe r  of  a  carryout  file  at  a
prescr ibed  schedule  for  nominal  opera t ions .   This  extrac t ion  and  transfe r  of
the  needed  telemet ry  is  par t  of  the  EOC’s  daily  standing  order  reques t .

4 . 3.2 Mission  Phase

This  produc t  is  delivered  star ting  at  the  Launch/Acquisit ion  phase  and
continuing  for  the  mission  lifetime.

4.3.3 Format

The  format  for  the  non- real  time  telemet ry  will  contain  information
necessa ry  to  calibra t e  the  atti tude  sensors  as  required .   The  detailed
conten ts  and  format  of  this  produc t  is  defined  in  Appendix  G.  

4.3.4 Accuracy

The  accuracy  for  the  non- real- time  teleme t ry  is  the  same  as  stated  for  the
real- time  atti tude  telemet ry  produc t  outlined  in  section  4.1.

4.3.5 Delivery  Schedule

The  delivery  schedule  is  as  reques t e d  by  FDS  to  meet  calibra t ion  needs.

4.3.6 Timespan

The  timespan  is  as  reques t e d  by  FDS  to  meet  calibra t ion  needs.
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4.3.7 Transmission  Medium

4.3.7.1 Prime  Medium

The  produc t  is  a  SFTP  from  EOC  to  FDS.

4.3.7.2 Backup  Medium

The  backup  medium  for  the  playback  attitude  teleme t ry  is  using  a  40GB
Native  DLTtape  IV.

4.3.8 Volume  Estimate

The  volume  estimate  is  variable .   
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4 . 4 Real- Time  TONS  Tele m e t ry

4.4.1 Descript ion

The  EOC  will  provide  real- time  TONS  telemet ry  by  locating  EMOS  real  time
workst a t ions  near  the  FDS  equipmen t ,  one  workst a t ion  near  the  primary
FDS  equipmen t  and  one  works ta t ion  near  the  seconda ry  FDS  equipmen t .

4.4.2 Mission  Phase

The  product  is  delivered  during  all  phases  of  the  mission.   Prelaunch
deliveries  is  negotia t ed  to  obtain  realistic  telemet ry  from  the  EOS  Terra
spacecr af t  and/or  spacecraf t  simula tions,  wheneve r  possible  for  the  purpose
of  interface  testing.   All  other  times  prelaunch  simulated  telemet ry  data  is
used  for  training  and  testing.

4.4.3 Format

The  real- time  teleme t ry  stream  from  the  EOC  will  include:

a. TONS  perform a nce  statis tics
b. TONS  SCC  param e t e r s
c. Transpond e r  data

4.4.4 Accuracy

The  accuracy  of  each  telemet ry  entry  is  as  defined  by  the  least  significant
bit  as  established  in  Reference  3.

4.4.5 Delivery  Schedule

The  real- time  teleme t ry  delivery  schedule  during  the  prelaunch  phase  is
negotia t ed  each  time  as  reques t s  are  made.

The  real- time  teleme t ry  delivery  schedule  during  the  Launch/Acquisi t ion
through  the  Checkout  phases  is  for  passes  scheduled  at  the  reques t  of
either  the  FDS  or  EOC  for  monitoring  purposes .
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4.4.6 Timespan

The  timespan  of  each  delivery  is  defined  by  simulation  dura tion  or  allotted
time  with  the  actual  spacec raf t  during  the  prelaunch  phase .

For  all  other  phases  the  timespan  of  each  delivery  is  dete rmine d  by  the
length  of  each  real- time  pass.

4.4.7 Transmission  Medium

4.4.7.1 Prime  Medium

Real- time  TONS  teleme t ry  is  available  on  EMOS  real- time  worksta t ions
located  near  the  FDS  equipme n t .

4.4.7.2 Backup  Medium

There  is  no  backup  medium  for  this  product .

4 .4.8 Volume  Estimate

The  volume  estimate  is  variable .   

4 . 5 Non- Real- Time  TONS  Tele m e t ry

4.5.1 Descript ion

The  EOC  will  provide  the  FDS  with  non- real- time  TONS  telemet ry  for  the
purpose  of  TONS  calibra t ion  and  other  analysis  relating  to  navigat ion
validation.   The  playback  data  is  an  SFTP  transfe r  of  a  carryou t  file  at  a
prescr ibed  schedule  for  nominal  opera t ions .   This  extrac t ion  and  transfe r  of
the  needed  telemet ry  is  par t  of  the  EOC’s  daily  standing  order  reques t .
Two  specific  carryou t  file  types  have  been  identified:  ORBIT_CO  file  that
will  include  TONS  telemet ry,  and  TONSSTATE_CO  file  that  will  include  a
state  vector  and  related  verification  param e t e r s .   Other  telemet ry  items
may  be  identified  in  anothe r  carryou t  file  type  as  determine d  to  be  needed.
Also,  the  reques t  times  indicated  are  the  nominal  plans  to  be  used  for
information  purposes;  however ,  these  plans  may  change  as  dete rmine d  by
the  team  needs."
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4.5.2 Mission  Phase

This  produc t  is  delivered  star ting  at  the  Launch/Acquisit ion  phase  and
continuing  for  the  mission  lifetime.

4.5.3 Format

The  detailed  conten ts  and  format  of  this  product  are  defined  in  Appendix  G.

4.5.4 Accuracy

The  accuracy  for  the  playback  telemet ry  is  the  same  as  stated  for  the  real-
time  TONS  telemet ry  produc t  outlined  in  section  4.3.

4.5.5 Delivery  Schedule

The  delivery  schedule  for  the  two  carry  out  file  types  depends  on  mission
phases  as  described  below:

a. During  the  Launch/Acquisi t ion  and  Checkout  phases  (prior  to  TONS  
opera tional  initialization  plus  7  days):   

ORBIT_CO  files  are  delivered  as  reques t e d  after  relevan t  events  
such  as,  but  not  limited  to,  post- launch,  first  TDRSS  contac t ,  NAV 
mode  switches ,  MO  frequency  adjust s .   These  files  are  expected  to  
be  delivered  within  15  minutes  of  the  reques t .   Additionally,  a  daily  
carryout  file  reques t e d  at  8  a.m.  local,  covering  the  previous  24  
hours,  is  delivered  within  30  minutes  of  the  reques t .   
TONSSTATE_CO  files  are  delivered  as  frequen t ly  as  reques t ed .

b. During  the  Opera t ional  phase:   
Daily  ORBIT_CO  files  is  reques t ed  at  9  a.m.  local,  covering  the  
previous  24  hours.   These  carryout  files  is  delivered  within  30  
minutes  of  the  reques t .   Additionally,  a  carryout  file  may  be  
reques t e d  after  special  events  relevant  to  NAV.   These  carryout  files
is  delivered  within  15  minute s  of  the  reques t .   Daily  
TONSSTATE_CO  files  spanning  6:52  a.m.  – 8:30  a.m.  local  (to  
include  a  state  at  epoch  8:30  a.m.  local  and  covering  the  previous  
98  minutes)  is  delivered  at  9:30  a.m.  local.   Additionally,  a  carryou t  
file  may  be  reques t e d  as  needed.

4.5.6 Timespan

The  timespan  is  as  reques t e d  by  FDS  to  meet  calibra t ion  needs.
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4.5.7 Transmission  Medium

4.5.7.1 Prime  Medium

The  prime  medium  for  transfer  of  this  produc t  from  EOC  to  FDS  is  SFTP.

4.5.7.2 Backup  Medium

The  backup  medium  for  the  playback  attitude  telemet ry  is  a  40GB  Native
DLTtape  IV.   

4 . 5.8 Volume  Estimate

The  volume  estimate  is  variable.

4 . 6 Onboard  Naviga t i o n  Operat in g  Param e t e r  Chan g e s  Report

4.6.1 Descript ion

The  FOT  will  provide  the  FDS  with  a  repor t  which  outlines  the  changes  to
the  onboard  navigation  system.   This  repor t  is  used  to  adjust  the  ground
based  naviga tion  system  accordingly.

4.6.2 Mission  Phase

This  repor t  is  delivered  beginning  with  the  Orbit  Acquisition  phase  through
the  mission  lifetime  as  needed.

4.6.3 Format

The  format  for  this  produc t  is  not  fixed,  but  depende n t  on  the  change
reques t e d .   

The  file  is  a  text  file  containing  the  following  informat ion:
  

a. Param e t e r  Name
b. Param e t e r  Value  From
c. Param e t e r  Value  To
d. Time  Sent
e. How  sent  (upload  table,  FSW  update ,  etc.)
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f. Validity  time
g. Origina to r  of  reques t  for  change

4.6.4 Accuracy

The  accuracy  for  this  produc t  is  best  effort.   

4.6.5 Delivery  Schedule

This  repor t  is  genera t e d  and  delivered  as  needed.

4.6.6 Timespan

There  is  no  associat ed  timespan  with  this  produc t .

4 .6.7 Transmission  Medium

4.6.7.1 Descript ion

The  produc t  is  delivered  to  the  FDS  wheneve r  the  EOC  makes  update s  to
the  onboard  navigation  system  (TONS).   This  produc t  is  a  hardcopy  printout
and  is  Faxed  or  hand  delivered  to  the  FDS.

4 . 7 Master  Oscil la t or  Frequ e n c y  Adjust m e n t  Report

4.7.1 Descript ion

The  FOT  will  deliver  to  the  FDS  an  oscillator  frequency  repor t  that  contains
planned  adjustme n t s .   This  is  a  hardcopy  repor t .

4 . 7.2 Mission  Phase

This  produc t  is  delivered  beginning  with  the  Launch/Acquisi tion  phase  for
the  dura t ion  of  the  mission  lifetime  wheneve r  events  are  planned.   

4 . 7.3 Format

The  produc t  is  a  hard  copy  repor t  containing  planned  maste r  oscillator
frequency  adjustme n t s .   Therefore  there  is  no  predefined  format  associa t ed
with  this  produc t .   
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4.7.4 Accuracy

There  is  no  associat ed  accuracy  with  this  product .

4 .7.5 Delivery  Schedule

The  product  is  delivered  to  the  FDS  two  days  prior  to  the  event  and  again
one  hour  before  the  actual  event.

4 .7.6 Timespan

There  is  no  associat ed  timespan  with  this  produc t .

4 .7.7 Transmission  Medium

4.7.7.1 Prime  Medium

The  produc t  is  a  hardcopy  repor t  that  is  either  Faxed  or  hand  delivered  to
the  FDS.

4.7.7.2 Backup  Medium

There  is  no  backup  medium  for  this  product .

4 .7.8 Volume  Estimate

There  is  no  volume  estimate  for  this  product .

4 . 8 Trackin g  Sch ed u l e  (Dele t e d )

4 . 9 Onboard  Naviga t i o n  Syste m  Flight  Softwar e  Updat e s

4.9.1 Descript ion

The  EOC  will  provide  the  FDS  with  the  updated  SUN  version  of  the
navigation  system  flight  software  when  needed.

4.9.2 Mission  Phase

This  produc t  is  to  be  delivered  during  the  opera t ional  phase.

11
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
4.9.3 Format

There  is  no  format  associa ted  with  this  produc t .

4 .9.4 Accuracy

There  is  no  accuracy  associat ed  with  this  product .

4 .9.5 Delivery  Schedule

The  EOC  will  provide  this  produc t  when  needed.

4.9.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

4 .9.7 Transmission  Medium

The  SUN  version  of  the  updated  flight  software  is  to  be  transfer r e d  to  the
FDS  via  SFTP.  

4.9.8 Volume  Estimate

There  is  no  volume  estimate  for  this  product .

4 . 1 0 (Del e t e d )

4 . 1 1 Real- Time  Propul s i o n  Tele m e try

4.11.1 Descript ion

The  EOC  can  provide  the  FDS  with  real- time  propulsion  telemet ry  using
Eclipse.   Refer  to  Appendix  B  for  details  about  the  real  time  teleme t ry
interface  between  the  EOC  and  FDS.

4.11.2 Mission  Phase

The  produc t  is  delivered  to  the  FDS  during  the  Opera t ional  phase .

4.11.3 Format
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This  is  a  real  time  telemet ry  strea m.   For  more  information,  refer  to
Appendix  B.   

4.11.4 Accuracy

The  accuracy  of  each  telemet ry  entry  is  as  defined  by  the  least  significant
bit  as  established  in  Reference  3.  

4 . 11.5 Delivery  Schedule

The  real- time  teleme t ry  delivery  schedule  during  the  prelaunch  phase  was
negotia t ed  each  time  as  reques t s  were  made.

The  real- time  teleme t ry  delivery  schedule  during  the  Launch/Acquisi t ion
through  the  Checkout  phases  were  for  passes  scheduled  at  the  reques t  of
either  the  FDS  or  EOC  for  monitoring  purposes .   The  FOT  and  FDS  team
(FDT)  will  coordina t e  when  real- time  telemet ry  delivery  is  needed  during
the  Opera t ions  phase.

4.11.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

4 .11.7 Transmission  Medium

4.11.7.1 Prime  Medium

Refer  to  Appendix  B.   

4 . 11.7.2 Backup  Medium

There  is  no  backup  medium  for  this  product .

4 .11.8 Volume  Estimate

There  is  no  volume  Estimate  for  this  produc t .
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4 . 1 2 (Del e t e d )

4 . 1 3 TDRS  Nami n g  Conven t i o n  Map

4.13.1 Descript ion

The  EOC  can  provide  the  FDT  with  a  repor t  which  maps  the  opera t ional
TDRS  names  to  the  designa t e d  FSW  slot  to  which  that  data  is  uploaded.   

4 . 13.2 Mission  Phase

This  produc t  was  delivered  once  pre- launch  and  can  be  redelivered  as  the
mapping  changes  throughout  the  mission  lifetime.

4.13.3 Format

Fields  in  this  repor t  are  delimited  by  ASCII  tabs.

Data  Record s:  21  bytes

Field  Nam e Maxim u m
Field

Width

Des cr ipt i o n

TDRS  FSW  
Slot  Numbe r

5 The  FSW  ID of  the  TDRS.   The  valid  
values  are  TDRSX  with  X =  1,3,4,5,  
6,7,8,9,10,11,12,13,  …up  to  99.

TDRS  Name 3 The  Opera t ional  ID of  the  TDRS.  The  
valid  values  are  TDX with  X =  1,3,4,5,  
6,7,8,9,10,11,12,13,  …up  to  99.  

Ground  
Station  
Antenna  
Name

6 Name  of  the  antenn a  tracking  the  
associa ted  TDRS.   Valid  values  will  
change  during  the  mission.  The  FOT  is  
responsible  for  providing  valid  values.

NCC  TDRS  
Name

3 The  curren t  NCC  ID of  the  TDRS.   
Valid  values  are  TDE,  TDW,  TDS,  or  
# # #  with  # # #  =  the  TDRS  longitude.  
NOTE:   These  will  change  under  the  
future  NCC98  update
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Sampl e  Data  Record s

TDRS1 TD4 SGLT-1 TDE\n
TDRS2 TD5 SGLT-2 TDW\n
TDRS3 TD3 RGRT TDS\n
TDRS4 TD1 SGLT-3 047\n

4.13.4 Accuracy

There  is  no  accuracy  associat ed  with  this  product .

4 .13.5 Delivery  Schedule

The  product  was  delivered  once  pre- launch  and  is  delivered  as  needed
during  all  mission  phases .   

4 . 13.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

4 .13.7 Transmission  Medium

4.13.7.1 Prime  Medium

The  prime  medium  for  transfer  of  this  produc t  from  EOC  to  FDS  is  SFTP.

4.13.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  hardcopy  repor t  that  will  either  be
faxed  or  hand  delivered  to  the  FDT.

4.13.8 Volume  Estimate

The  volume  estimate  for  this  produc t  is  84  bytes,  maximum.

4 . 1 4 Non- Real- Time  Propul s i o n  Tele m e try

4.14.1 Descript ion

The  EOC  can  provide  the  FDS  with  non- real- time  propulsion  telemet ry  for
the  purpose  of  maneuve r  calibra t ion  and  other  analysis  relating  to
maneuve r  planning.  
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4.14.2 Mission  Phase

This  produc t  was  delivered  star ting  at  the  Launch/Acquisi tion  phase  and
continues  for  the  mission  lifetime.

4.14.3 Format

The  detailed  conten ts  and  format  of  this  product  are  defined  in  Appendix  G.

4.14.4 Accuracy

The  accuracy  for  the  playback  telemet ry  is  the  same  as  stated  for  the  real-
time  propulsion  teleme t ry  produc t  outlined  in  section  4.10.

4.14.5 Delivery  Schedule

The  produc t  is  reques t e d  once  per  scheduled  orbit  maneuve r .

4.14.6 Timespan

The  timespan  is  as  reques t e d  by  FDS  to  meet  calibra t ion  needs.

4.14.7 Transmission  Medium

4.14.7.1 Prime  Medium

The  prime  medium  for  transfer  of  this  produc t  from  EOC  to  FDS  is  SFTP.

4.14.7.2 Backup  Medium

The  backup  medium  for  the  playback  teleme t ry  is  a  40GB  Native  DLTtape
IV.   

4 . 14.8 Volume  Estimate

The  volume  estimate  is  variable.

4 . 1 5 TONS  State  with  Covarian c e  Data

Des cr ipt i o n

Definitive  position  velocity  and  covariance  data  from  the  TONS  filter
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Format:

Head er  Record

Field  Nam e
Maxim u
m  Field
Width

Descript i o n

ASCII  Repor t 18 Name  of  Satellite  (Terra)
Input  Definition  File 60 Name  of   input  TONS  file  
Repor t  Date 22 Date  of  repor t
DMDB  file  (s) 60 File  genera t e d  from  mnemonic  databas e
Decom  star t         Data  
star t

48
User  trend  star t  time         Data  star t  time

Decom  stop         Data  
stop

48
User  trend  stop  time         Data  stop  time

17
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

Data  Record s

Field  Nam e
Maximu m

Field
Width

Des cr ip t i o n

Year  (4-digit) 6 Star t  year  of  data
Spacecr af t  Time  (DOY-
hh:mm:ss.ss s)

18 Sart  time  of  data

FS1_SSMSMT_UP_IN 2 MSMT_UP  (1-digit  value)
FS1_SS_DSF_AMU 18 Drag  Scale  Factor  (floating  point  number)
FS1_SS_EOS_POSX_AMU 18 X-Position  (floating  point)
FS1_SS_EOS_POSY_AMU 18 Y-Position  (floating  point)
FS1_SS_EOS_POSZ_AMU 18 Z-Position  (floating  point)
FS1_SS_EOS_VELX_AMU 18 X-Position  (floating  point)
FS1_SS_EOS_VELY_AMU 18 Y-Position  (floating  point)
FS1_SS_EOS_VELZ_AMU 18 Z-Position  (floating  point)
FS1_SS_FILT_CONV_IN 18 Filter  Convergenc e  (string)
FS1_SS_NAV_MODE_ST 10 Nav  Mode  (String)
FS1_SS_NRML_OUT_ST 8 Normal  Out  (string)
FS1_SS_TON_TAG_DAYS 8 Days  (digit)
FS1_SS_TON_TAG_MSEC 10 Milliseconds  (digit)
FS1_SS_TON_TAG_USEC 2 Usec  (digit)
FS1_SS_TONS_SUB_ST 10 TONS  Sub  (string)
The  rows  below  repre s en t  the  Covarian c e  Matrix  for  the  remaining  28  columns  in  data  file  (all  are

floating  point  number s)
FS1_SS_EOSPVARX_AMU 18 Matrix  Position  1,1  
FS1_SS_COV_1_2_AMU 18 Matrix  Position  1.2
FS1_SS_EOSPVARY_AMU 18 Matrix  Position  2,2
FS1_SS_COV_1_3_AMU 18 Matrix  Position  1,3
FS1_SS_COV_2_3_AMU 18 Matrix  Position  2,3
FS1_SS_EOSPVARZ_AMU 18 Matrix  Position  3,3
FS1_SS_COV_1_4_AMU 18 Matrix  Position  1,4
FS1_SS_COV_2_4_AMU 18 Matrix  Position  2,4
FS1_SS_COV_3_4_AMU 18 Matrix  Position  3,4
FS1_SS_EOSVVARX_AMU 18 Matrix  Position  4,4
FS1_SS_COV_1_5_AMU 18 Matrix  Position  1,5  
FS1_SS_COV_2_5_AMU 18 Matrix  Position  2,5
FS1_SS_COV_3_5_AMU 18 Matrix  Position  3,5
FS1_SS_COV_4_5_AMU 18 Matrix  Position  4,5
FS1_SS_EOSVVARY_AMU 18 Matrix  Position  5,5
FS1_SS_COV_1_6_AMU 18 Matrix  Position  1,6
FS1_SS_COV_2_6_AMU 18 Matrix  Position  2,6
FS1_SS_COV_3_6_AMU 18 Matrix  Position  3,6
FS1_SS_COV_4_6_AMU 18 Matrix  Position  4,6
FS1_SS_COV_5_6_AMU 18 Matrix  Position  5,6
FS1_SS_EOSVVARZ_AMU 18 Matrix  Position  6,6
FS1_SS_COV_1_7_AMU 18 Matrix  Position  1,7
FS1_SS_COV_2_7_AMU 18 Matrix  Position  2,7
FS1_SS_COV_3_7_AMU 18 Matrix  Position  3,7
FS1_SS_COV_4_7_AMU 18 Matrix  Position  4,7
FS1_SS_COV_5_7_AMU 18 Matrix  Position  5,7
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Field  Nam e
Maximu m

Field
Width

Des cr ip t i o n

FS1_SS_COV_6_7_AMU 18 Matrix  Position  6,7
FS1_SS_DSF_VAR_AMU 18 Matrix  Position  7,7

Sampl e  Head er  Record

ASCII  Report   TERRA\n
Input  Definition  File:   
C:\ITPS\da ta \IDF\Use r \MISC\AM1_TONSTATECOVAR.idf\n
Report  Date:   05/11/2016  13:32:57\n
DMDB  file(s):  C:\ITPS\da ta \dm d b\ t e r r a 3 1 4 .d m d b\ n
Decom  star t:   2016/115/12:30:00                           Data  star t:   
2016/115/12:30:10.748\n
Decom  stop:    2016/115/12:40:00                          Data  stop:    
2016/115/12:39:59.548\n

Sampl e  Data  Record s

2016 115- 12:30:10.748 1 -0.329435 -5881768.108 -1605767.331    -3612747.46
-3959.22315 8 206.530782 6362.9196 53 TONS_FILT_CONV NORMAL TONS
21298 45010748 0 FILTER 79.779624 -16.694737                 221.19586
-86.51836 -38.841583 184.993991 -0.099185 -0.036004 0.153122
          0.000166               0.008951

                -0.024454 0.015096           -0.000021   0.000187 -0.038227 -
0.000827 0.109825                
                 0.000087               -0.000008            0.000083        -1.741166 -0.185348         
3.880089                                
                 0.003492        0.000726         0.002575     0.706717\n
.
.
.
2016 115- 12:39:59.548

NORMAL TONS FILTER \n

Delivery

This  produc t  will  be  delivered  during  all  phases  of  the  mission.

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.
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End  Users

This  produc t  is  needed  by  Terra,  FOT  and  spacecraf t  enginee r s .
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S e c t i o n  5 .   FDS  to  DAACs  Produ c t s  

5 . 1 Produ c t  Sum m ary

The  EOS  Terra  Flight  Dynamics  Team  (FDT)  provides  the  DAACs  with  the
following  information  (see  Referenc e  Documen t  1  DMR  Section  7210- 13):

a. Attitude  Interpola tion  Algorithm
b. Orbit  Interpola t ion  Algorithm

The  FDS  provides  the  DAACs  with  the  following  produc ts  (see  Reference
Documen t  1  DMR  Section  7210- 13):

a. Definitive  Orbit  Data
b. Definitive  Attitude  Data

The  following  sections  provide  details  on  each  of  these  items.

5 . 2 (Del e t e d )

5 . 3 Orbit  Interpo la t i o n  Algorith m

5.3.1 Descript ion

This  produc t  is  a  software  delivery  to  the  DAACs  which  contains  an
interpola tion  algori thm  needed  for  the  repair  of  orbit  data.   The  repair  of
position  and  velocity  data  is  accomplished  by  filling  in  gaps  of  60  seconds  or
less  using  this  algorithm.

5.3.2 Mission  Phase

This  produc t  is  delivered  prelaunc h  and  maintained  as  necessa ry  for  the
dura tion  of  the  mission.

5.3.3 Format

1
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The  usage  descrip tion  of  the  orbit  interpola tion  progra m  and  source  listing
are  given  in  Appendix  E.

5.3.4 Accuracy

There  is  no  accuracy  associat ed  with  this  product .

5 .3.5 Delivery  Schedule

This  is  a  one  time  delivery  before  launch,  with  maintena nc e  by  FDT  as
needed  throughou t  the  mission.

5.3.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t

5.3.7 Transmission  Medium

The  software  is  delivered  via  an  elect ronic  file  transfe r .

5 .3.8 Volume  Estimate

There  is  no  volume  estimate  associa ted  with  this  produc t .   

5 . 4 Defin i t ive  Orbit  Data

5.4.1 Descript ion

When  the  time  gap  in  the  TONS- dete rmine d  orbit  data  exceeds  the
maximum  allowable  for  the  FDT-provided  orbit  interpola t ion  algorithm,  the
FDS  is  reques t e d  to  provide  the  DAACs  with  definitive  orbit  data  which
covers  that  time  gap.   

5 . 4.2 Mission  Phase

This  produc t  is  delivered  during  the  Opera t ional  phase .   

5 . 4.3 Format

Data  records  of  this  product  are  those  of  a  standa rd  FDS  ephem e r is  product
in  the  2800- byte  block  binary  format  as  specified  in  Reference  5.  The
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Polling  Ingest  without  Produc t  Delivery  Record  data  transfe r  mechanis m  is
used  for  delivery  of  the  epheme r i s  file  using  the  procedu r e  detailed  in
Section  A.3.7  of  Appendix  A.  

5 . 4.4 Accuracy

The  accuracy  require m e n t  is  150  mete r s  per  axis  (3  sigma).  

5 . 4.5 Delivery  Schedule

This  produc t  is  delivered  wheneve r  the  FDS  receives  a  reques t  from  the
DAACs.

5.4.6 Timespan

Star t  time  and  stop  time  is  as  reques t e d  by  the  DAACs.  Step  size  is  1
second.

5.4.7 Transmission  Medium

The  produc t  is  delivered  via  SFTP.   

5 . 4.8 Volume  Estimate

The  volume  estimate  is  402  kb.

5 . 5 Defin i t ive  Attitud e  Data

5.5.1 Descript ion

The  FDS  provides  the  DAACs  with  definitive  atti tude  data.  The  data  file  will
include  a  heade r  record  and  a  variable  number  of  data  records .

5.5.2 Mission  Phase

This  produc t  is  delivered  during  the  Opera t ional  phase .   

5 . 5.3 Format

The  heade r  record  contains  the  metada ta  used  to  identify  the  file  and  its
conten ts .   All metada t a  fields  is  in  ASCII  format.   All fields  are  right- justified
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and  are  preceded  with  ASCII  blanks  where  necessa ry  to  fill  the  specified
Field  Size.  The  Polling  Ingest  without  Product  Delivery  Record  data  transfe r
mechanis m  is  used  for  delivery  of  the  Definitive  Attitude  Data.
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Head er  Record:   256  bytes
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Field  Nam e Field

Size
(bytes )

Data
Type

Descript i o n

File  Name 40 ASCII Data  Set  filename
Spacec raf t  
ID

8 ASCII Defined  as  the  following  string:
 “EOSAM1”

Time  of  
Completion  
of  Data  Set

32 ASCII Time  of  data  set  completion;  
format  is
YYYY-DDDThh:mm:ss .ddd dd d

Star t  Time  
of  Data

32 ASCII Time  of  the  first  Data  Record;  
format  is
YYYY-DDDThh:mm:ss .ddd dd d .   
Star t  time  is  the  time  of  the  first
data  point  at  or  after  the  
nominal  star t  time.  Nominal  
star t  times  are:  00:00:00,  
02:00:00,  04:00:00,  06:00:00,  
08:00:00,  10:00:00,  12:00:00,  
14:00:00,  16:00:00,  18:00:00,  
20:00:00,  22:00:00,  
respect ively.

End  Time  of  
Data

32 ASCII Time  of  the  last  Data  Record;  
format  is
YYYY-DDDThh:mm:ss .ddd dd d .   
Stop  time  is  the  time  of  the  last  
data  point  before  the  nominal  
stop  time.  . Nominal  stop  times  
are:  02:00:00,  04:00:00,  
06:00:00,  08:00:00,  10:00:00,  
12:00:00,  14:00:00,  16:00:00,  
18:00:00,  20:00:00,  22:00:00,  
24:00:00,  respec t ively.

Star t  Orbit  
Number

8 ASCII Orbit  number  corresponding  to  
the  first  Data  Record.   Format  
is  XXXXXXXX.

End  Orbit  
Number

8 ASCII Orbit  number  corresponding  to  
the  last  Data  Record.   Forma t  is
XXXXXXXX.

Number  of  
Data  
Records

8 ASCII The  numbe r  of  Data  Records  in  
the  file
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Spare  Fields 87 ASCII Reserved  for  future  use;  

curren tly  blank- filled
End  of  
Heade r

1 ASCII NULL  (hexadecim al  value  of  
‘00’)

Sampl e  Head er  Record

       AM1_DEFATT_010000_181_1998_01.FDD  EOSAM1        \
1998-181T13:13:13.123456        1998-181T01:00:00.000001\
        1998-181T01:15:20.576900     352     353     900\
                                                        \
                               NULL\n

Field  Nam e Field
Size

(bytes )

Data
Type

Unit s Descript i o n

Days 2 IT days Days  since  1958  
January  1

Millisecond  
of  Day

4 LI msec Millisecond  of  Day

Microsecond
of 
Millisecond

2 IT sec Microsecond  of  
Millisecond

Roll  Angle 4 FL radian Roll  Euler  Angle
Pitch  Angle 4 FL radian Pitch  Euler  Angle
Yaw  Angle 4 FL radian Yaw  Euler  Angle
Roll  Rate 4 FL radian/s

ec
Inertial  Angular  
Velocity  Componen t  
on  Body  Roll  Axis

Pitch  Rate 4 FL radian/s
ec

Inertial  Angular  
Velocity  Componen t  
on  Body  Pitch  Axis

Yaw  Rate 4 FL radian/s
ec

Inertial  Angular  
Velocity  Componen t  
on  Body  Yaw  Axis

5.5.4 Accuracy

The  accuracy  require m e n t  is  0.0002  radians  per  axis  (3  sigma).  

5 . 5.5 Delivery  Schedule
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This  produc t  is  delivered  approximat ely  every  2  hours.   

5 . 5.6 Timespan

The  timespan  is  approxima te ly  2  hours.   Step  size  is  0.512  sec.

5.5.7 Transmission  Medium

The  produc t  is  delivered  via  SFTP.   

5 . 5.8 Volume  Estimate

The  volume  estimate  is  550  Kbytes.
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S e c t i o n  6 .   FDS  to  CRMS  Produ c t s  

6 . 1 Produ c t  Sum m ary  Chart

The  following  table  summa rize s  the  flight  dynamics  produc t s  transfe r r e d  
between  FDS  and  CRMS:

Table  6- 1.  Sum m ary  of  Produ c t  Transf er  betw e e n  FDS  and  CRMS  

Produc t  (with  naming

convent ion) *

ICD
Sect io

n
Conte n t s From/To

Siz
e

Miss i
on

Phas e

Force  Model  Data
AM1_SCDATA_DOY
_YYYY_VV.repor t

6.1

Spacec r af t  mass,  Drag  
area,  SRP  area,  
Coefficient  of  
Reflectivity  (Cr),  
Coefficient  of  drag  
(Cd)

FDS/CRM
S

1  KB
Entire  
Missio
n

Predic t e d  Mane uv er  
Reports  Inform a t i o n  
AM1_PREDMAN_DOY
_YYYY_VV.repor t

6.2

Maneuver  Type  (DMU  
or  INC),  Maneuver  
cent roid  time,  
Maneuver  RIC  vector

FDS/CRM
S

1  KB
Entire  
Missio
n

Histori ca l  Mane uv er  
Perform a n c e  Data  
AM1_MANPERFDATA
_DOY_YYYY_VV.repor t

6.3

Maneuver  Name  
(DMU # #  or  INC # # ) ,  
Maneuver  date/t ime,  
Delta  v predic ted ,  
Delta  v actual,  Delta  v 
units,  Percen t  hot/cold.

FDS/CRM
S

1  KB
Entire  
Missio
n

Mane uv er  Cons trai n t  
Inform a t i o n  
AM1_DELBUF1_DOY_YYYY
_VV.repor t

6.4

Delta  v buffer  to  
cente r ,   SMA  buffer  to  
cente r ,  Delta  v buffer  
to  const  lim,  SMA  
buffer  to  const  lim,  
Delta  v buffer  to  sci  
req,  SMA  buffer  to  sci  
req

FDS/CRM
S

1  KB
Entire  
Missio
n

Terra  NOMINAL  
Predic t e d  Ephe m e r i s  and  
Covarian c e  Data
Terra_YYYYDOY_HHMMSS
_ PREDEPHEM__MJ2K_
NOMINAL.S00

6.7

Epheme ris  data,  
Covariance  data  
(contains  planned  
maneuve rs )

FDS/CRM
S

2.5  
M

Entire  
Missio
n

Terra  NO- BURN  6.8 Epheme ris  data,  FDS/CRM 2.5  Entire  

1
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Produc t  (with  naming

convent ion) *

ICD
Sect io

n
Conte n t s From/To

Siz
e

Miss i
on

Phas e
Predic t e d  Ephe m e r i s  and  
Covarian c e  Data
Terra_YYYYDOY_HHMMSS
_ PREDEPHEM__MJ2K_
NOBURN.S00

Covariance  data  (has  
no  planned  maneuve r s)

S M
Missio
n

Earth  Orient a t io n  
Para m e t e r s  (EOP)
UT1UTC.da t .YYYYDOY_HHM
MSS

6.5

Earth  Orienta tion,  
Polar  Motion  
componen t s ,  timing  
correc tion

FDS/CRM
S

2  KB
Entire  
Missio
n

EOP
UTCTAI.dat .YYYYDOY_HHMM
SS

6.6 Leap  second  correc tion
FDS/CRM
S

1  KB
Entire  
Missio
n

Orbit  Param e t e r  Mess a g e  
(OPM)  Mane uv er  Data  
Terra_OPM_YYYY-MM-
DD_HHMMSS.opm

8.1

Epoch  of  ignition,  
Maneuver  dura tion,  
Reference  frame,  1 st , 
2 nd , and  3 rd  componen t  
of  the  velocity  
increme n t

CRMS/FD
S

3  KB
Entire  
Missio
n

*See  “File  Naming  Convention”  (Appendix  C)  for  grea te r  detail
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6 . 2 Force  Mod el  Data

Des cr ipt i o n

FD  will  provide  CRMS  with  a  spacecraf t  data  file  containing  the  spacecr af t  
mass,  drag  area,  SRP  area,  Cr,  Cd,  and  Cd  variance .

Format:

Head er  Record

Field  Nam e
Maxim u
m  Field
Width

Des cr ipt i o n

Satellite  ID 8
The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  type 14
This  field  indicate s  the  type  of  file.  The
only  valid  value  is  “SCDATA”.

Epheme r i s  star t
epoch  (UTC)

16
Epheme r i s  star t  epoch  time,  
YYYYDDD.HHMMSS

Epheme r i s  end  
epoch  (UTC)

16
Epheme r i s  end  epoch  time,  
YYYYDDD.HHMMSS  

Data  Record s

Field  Nam e

Maxim
um

Field
Width

Des cr ipt i o n

Spacec raf t  mass  
18

Spacec raf t  mass  (kg).  Forma t  is  
XXXXXX.XXXX

Spacec raf t  Drag  
area

8
Spacec raf t  Drag  area  (m 2).  Format  is  
XX.XX

Spacec raf t  Solar  
Radiation  
Pressu re  (SRP)  
area

8
Spacec raf t  SRP  area  (m 2).  Format  is  
XX.XX

Spacec raf t  
Coefficient  of  

6 Coefficient  of  reflectivity.  Format  is  
X.XX
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reflectivity  (Cr)
Spacec raf t  
Coefficient  of  
drag  (Cd)

6 Coefficient  of  drag.  Format  is  X.XX

Spacec raf t  Cd  
variance

10
Coefficient  of  drag  variance .  Format  is  
X.XXXXXX

Sampl e  Head er  Record

AM1  SCDATA 2015175.00000 0  2015182.0000 00\n

Sampl e  Data  Record s

296800.0000 kg\n
40.95 m ^ 2\n
40.95 m ^ 2\n
1.40\n
1.92\n
0.000747\n

Delivery

This  produc t  will  be  delivered  during  all  phases  of  the  mission.

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.

End  Users

This  produc t  is  needed  by  Terra,  FOT  and  spacecraf t  enginee r s .

4
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

6 . 3 Predic t e d  Man e u v er  Report  Informa t i o n

Des cr ipt i o n

FD  will  provide  CRMS  with  a  predic ted  maneuve r  repor t  file.

Format:

Head er  Record

Field  Nam e
Maxim u
m  Field
Width

Des cr ipt i o n

Satellite  ID 8
The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  type 14
This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  “PREDMAN”.

Epheme r i s  star t
epoch  (UTC)

16
Epheme r i s  star t  epoch  time,  
YYYYDDD.HHMMSS.

Epheme r i s  end  
epoch  (UTC)

16
Epheme r i s  end  epoch  time,  
YYYYDDD.HHMMSS  

Data  Record s

Field  Nam e
Maxim u
m  Field
Width

Descript i o n

Type  of  maneuve r 6 Maneuve r  type  (DMU  or  INC)
Maneuve r_cen t roid_
date_  time  (UTC)

26
Maneuve r  centroid  date  time.  Format  
is  MMM  DD  YYYY HH:MM:SS.SSS

Delta_v_radial 8 Format  is  XX.XX
Delta_v_int rack 8 Format  is  XX.XX
Delta_v_cross t r a ck 8 Format  is  XX.XX
Delta_v_units 6 Delta  v units  (cm/s).  Forma t  is  xx/x

Sampl e  Head er  Record

AM1  PREDMAN  2015175.0000 00  2015182.0000 00\n

Sampl e  Data  Record s
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DMU Jan  07  2015  15:20:35.000 4.00 0.25      0.18 (cm/s)\n

Delivery

This  produc t  will  be  delivered  during  all  phases  of  the  mission.

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.

End  Users

This  produc t  is  needed  by  Terra,  FOT  and  spacecraf t  enginee r s .
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6 . 4 Histori c a l  Man e u v er  Perfor m a n c e  Data

Des cr ipt i o n

FDS  will  provide  CRMS  with  a  historical  maneuve r  performa nc e  data  file.

Format:

Head er  Record

Field  Nam e
Maxim u
m  Field
Width

Des cr ipt i o n

Satellite  ID 8
The  satellite  ID of  the  Terra  spacec raf t  
(“AM1”).

File  type 14
This  field  indicates  the  type  of  file.  The  
only  valid  value  is  “MANPERFDATA”.

Epheme r i s  star t
time  (UTC)

16
Epheme r i s  star t  epoch  time,  
YYYYDDD.HHMMSS.

Epheme r i s  end  
time  (UTC)

16
Epheme r i s  end  epoch  time,  
YYYYDDD.HHMMSS  

Data  Record s

Field  Nam e
Maxim u
m  Field
Width

Descript i o n

Maneuve r  name 10
Maneuve r  name  (DMU # #  or  INC # # ) .   
Format  is  either  DMU #X,  DMU #XX,  
DMU #XXX  or  INC #X,  INC #XX,  INC #XXX

Maneuve r_da te_
time  (UTC)

26
Maneuve r  date/ t ime.  Format  is  MMM  DD 
YYYY HH:MM:SS.SSS

Delta_v_predic t
ed

8
Format  is  XX.XX

Delta_v_actual 8 Format  is  XX.XX
Delta_v_units 6 Delta  v units  (cm/s).  Forma t  is  (xx/x)
Percen t_hot_col
d

8
Format  is  XX.XX%
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cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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Sampl e  Head er  Record

AM1  MANPERFDATA  2015175.00000 0  2015182.00000 0\n

Sampl e  Data  Record s

DMU # 1 Jul  11  2002  15:08:00.000 13.52 14.37 (cm/s)
6.29%\n

DMU # 2 Aug  22  2002  15:32:00.000 23.03 20.85 (cm/s) -
9.47%\n
.
.
DMU # 1 0 2 Oct  15  2015  15:01:41.501 4.53 5.64 (cm/s)

24.50%\n

Delivery

This  produc t  will  be  delivered  during  all  phases  of  the  mission.

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.

End  Users

This  produc t  is  needed  by  Terra,  FOT  and  spacecraf t  enginee r s .

8
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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6 . 5 Man e u v er  Constrai n t  Infor mat i o n

Des cr ipt i o n

FDS  will  provide  CRMS  with  the  maneuve r  const r ain t  informat ion.

Format:

Head er  Record

Field  Nam e
Maxim u
m  Field
Width

Descript i o n

Satellite  ID 8
The  satellite  ID of  the  Terra  spacecr af t  
(“AM1”).

File  type 14
This  field  indicate s  the  type  of  file.  The  only  
valid  value  is  “DELTAVBUF”.

Genera t ion_Epo
ch  (UTC)

16
Genera t ion  epoch  time,  YYYYDDD.HHMMSS

Buffer_Epoch  
(UTC)

16
Buffer  epoch  time,  YYYYDDD.HHMMSS  

Data  Record s

Field  Nam e*
Maxim u
m  Field
Width

Des cr ipt i o n

Delta_V_Buffer_to_Cente
r

6
Delta  V units  (cm/s).  Format  is  
X.XX

SMA_Buffer_to  Cente r 8 SMA  units  (m).  Forma t  is  XX.XX
Delta_V_Buffer_to_Cons t
_Lim

6
Delta  V units  (cm/s).  Format  is  
X.XX

SMA_Buffer_to_Const_Li
m

8
SMA  units  (m).  Forma t  is  XX.XX

Delta_V_Buffer_to_Sci_R
eq

6
Delta  v units  (cm/s).  Forma t  is  X.XX

SMA_Buffer_to_Sci_Req 8 SMA  units  (m).  Forma t  is  XXX.XX

*Any  entry  with  0.0  means  a  delta- v buffer  cannot  be  calcula ted  because  the  mission  is  
already  predic ted  to  turn  around  below  that  limit  or  the  mission  is  already  below  that  limit,

9
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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Sampl e  Head er  Record

AM1  DELTAVBUF  2015175.1443 43  2015176.1200 00\n

10
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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Sampl e  Data  Record s

0.00 (cm/s)         0.00        (m) \n
3.96 (cm/s)         77.63      (m) \n
5.87 (cm/s)         112.46    (m) \n

Delivery

This  produc t  will  be  delivered  during  all  phases  of  the  mission.

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.

End  Users

This  produc t  is  needed  by  Terra,  FOT  and  spacecraf t  enginee r s .
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Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

6 . 6 EOP  (Earth  Orienta t io n  Param e t e r s )  Data

FDS  will  provide  CRMS  with  the  predic ted  ear th  orienta t ion  data,  including  
polar  drift  correc t ions  and  timing  correc t ions .

Format:

Head er  Record

This  file  has  no  heade r  record.

Data  Record s

Field  Nam e
Maxim u
m  Field
Width

Des cr ipt i o n

UTC  Julian  (GSFC)  Date * 10 Format  is  XXXXX.X
Definitive  (I)  or  Predic ted  
(P)  

2
The  only  valid  value  is  either  “I”  
or  “P”

Polar  Drift  Correc t ion  
Angle- x (arcsec)

4 Format  is  X

Polar  Drift  Correc t ion  
Angle- y (arcsec)

4 Format  is  X

UT1- UTC  Correct ion  Time
(sec)

10 Format  is  X.XXXXXX

*Modified  Julian  Date  (MJD)  used  by  GSFC  which  uses  a  reference  epoch  of  05  Jan  1941  
12:00:00.000

Sampl e  Head er  Record

N/A

Sampl e  Data  Record s

27246.5  P  0  0  0.291602\n
27247.5  P  0  0  0.291158\n
.
.
27426.5  P  0  0  0.112215\n

12
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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Delivery

This  produc t  will  be  delivered  during  all  phases  of  the  mission.

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.

End  Users

This  produc t  is  needed  by  Terra,  FOT  and  spacecraf t  enginee r s .
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Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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6 . 7 Leap  Seco n d  Correc t i o n  Data

Des cr ipt i o n

FDS  will  provide  CRMS  with  the  definitive  and  predic ted  dates  of  leap  
second  correc tions  between  UTC  and  TAI (Interna t ional  Atomic  Time).

Format:

Head er  Record

This  file  has  no  heade r  record

Data  Record s

Field  Nam e
Maxim u m

Field  Width
Descript i o n

UTC  Julian  (GSFC)  
Date *

10 Format  is  XXXXX.X

Leap  Second
Gregorian  Calenda r

Date
20

Format  is  MMMMMMM  D,  
YYYY

*Modified  Julian  Date  (MJD)  used  by  GSFC  which  uses  a  reference  epoch  of  05  Jan  1941  
12:00:00.000

Sampl e  Head er  Record

N/A

Sampl e  Data  Record s

11317.5           //  January  1,  1972\n
11499.5           //  July     1,  1972\n
.
.
27204.5           //  July     1,  2015\n

14
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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Effective  Date:  October  2022
Delivery

This  produc t  will  be  delivered  during  all  phases  of  the  mission.

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.

End  Users

This  produc t  is  needed  by  Terra,  FOT  and  spacecraf t  enginee r s .

15
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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6 . 8 Terra  Nomi n a l  Predic t e d  Ephe m e r i s  and  Covarian c e  Data

Des cr ipt i o n

FDS  will  provide  CRMS  with  predicted  ephem e r i s  and  covariance  data,  
including  any  planned  maneuve r s .

Format:

For  the  heade r  format  and  data  format  descrip tion  tables,  see  “Orbit  
Epheme r i s  Message s  (OEM)”,  CCSDS  502.0- B-2  Orbit  Data  Message s ,  Blue  
Book,   Section  5,  pages  5-3  to  5-6,  Novembe r  2009.

Sampl e  Head er  Record

CCSDS_OEM_VERS  =  2.0
CREATION_DATE  =  2015- 12- 16T20:06:56.273
ORIGINATOR  =  EOS  FDS

Sampl e  Data  Record

META_START
OBJECT_NAME  =  scCovariance
OBJECT_ID  =  1
CENTER_NAME  =  Earth
REF_FRAME  =  EME2000
TIME_SYSTEM  =  UTC
START_TIME  =  2015- 12- 17T00:00:00.000
STOP_TIME  =  2015- 12- 24T00:00:00.000
INTERPOLATION  =  5th  Order  Spline
INTERPOLATION_DEGREE  =  5
META_STOP
2015- 12- 17T00:00:00.000  -2376.61450 63 7 7 9 6  6644.13717 99 6 5 2 5  
619.918654 72 2 1 5 2  0.78044980 48 2 3 4 2 6  0.979613292 1 8 5 3 6 2  
-7.3977644 99 9 9 3 1 7\n

2015- 12- 17T00:01:00.000  -2325.01738 21 4 3 6 6  6689.45095 27 0 8 8 8  
175.096869 00 1 8 4 4  0.93886982 33 5 0 3 5 0  0.530351653 9 1 2 4 4 4  
-7.4246199 52 7 5 0 8 6\n
.
.

16
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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EPOCH  =  2015- 12- 24T00:00:00.000\n
COV_REF_FRAME  =  EME2000\n
0.259722106 4 5 9 7 5 1\n
-1.3765797 97 4 3 8 8 9  7.305407947 8 8 4 9 4\n
2.574326927 3 2 1 1 7  -13.66156317 3 4 1 7 7  25.5498368 69 4 2 1 2
-0.0013826 94 5 4 2 2 5 6 9 5  0.007337467 7 7 1 8 0 6 9 1  -0.013722191 9 0 4 9 3 8 4  
7.370127662 8 2 9 0 3 e- 006\n

0.002386514 9 0 6 5 2 0 0 7  -0.012664478 4 7 7 3 8 3 6  0.023684218 6 1 4 5 9 2 0  
-1.2720472 64 0 0 6 6 8 e- 005  2.19555327 0 7 9 1 2 8 e- 005\n

0.001426482 7 6 2 5 6 9 9 5  -0.007570672 2 6 4 3 1 6 9 6  0.01415911 22 5 9 5 5 2 1  
-7.6044853 65 1 1 3 0 9 e- 006  1.31251497 6 3 7 1 7 0 e- 005  7.84689595 3 8 4 9 3 1 e-
006\n
COVARIANCE_STOP

Delivery

This  produc t  will  be  delivered  daily  during  all  phases  of  the  mission.

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.

End  Users

This  produc t  is  needed  by  Terra,  FOT  and  spacecraf t  enginee r s .

17
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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6 . 9 Terra  No- Burn  Predic t e d  Ephe m e r i s  and  Covarian c e  Data

Des cr ipt i o n

FDS  will  provide  CRMS  with  predicted  ephem e r i s  and  covariance  data,  not  
including  any  planned  maneuve r s .

Format:

For  the  heade r  format  and  data  format  descrip tion  tables,  see  “Orbit  
Epheme r i s  Message s  (OEM)”,  CCSDS  502.0- B-2  Orbit  Data  Message s ,  Blue  
Book,   Section  5,  pages  5-3  to  5-6,  Novembe r  2009.

Sampl e  Head er  Record

CCSDS_OEM_VERS  =  2.0
CREATION_DATE  =  2015- 12- 16T20:06:56.881
ORIGINATOR  =  EOS  FDS

Sampl e  Data  Record

META_START
OBJECT_NAME  =  scCovariance N oBurn
OBJECT_ID  =  1
CENTER_NAME  =  Earth
REF_FRAME  =  EME2000
TIME_SYSTEM  =  UTC
START_TIME  =  2015- 12- 17T00:00:00.000
STOP_TIME  =  2015- 12- 24T00:00:00.000
INTERPOLATION  =  5th  Order  Spline
INTERPOLATION_DEGREE  =  5
META_STOP
2015- 12- 17T00:00:00.000  -2376.61450 63 7 7 9 6  6644.13717 99 6 5 2 5  
619.918654 72 2 1 5 2  0.78044980 48 2 3 4 2 6  0.979613292 1 8 5 3 6 2  
-7.3977644 99 9 9 3 1 7\n

2015- 12- 17T00:01:00.000  -2325.01738 21 4 3 6 6  6689.45095 27 0 8 8 8  
175.096869 00 1 8 4 4  0.93886982 33 5 0 3 5 0  0.530351653 9 1 2 4 4 4  
-7.4246199 52 7 5 0 8 6
.
.
EPOCH  =  2015- 12- 24T00:00:00.000\n

18
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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COV_REF_FRAME  =  EME2000\n
0.192463074 3 1 5 8 1 0\n
-1.0328115 04 6 1 3 1 5  5.551699571 6 3 8 3 5\n
1.946564099 4 6 1 4 7  -10.46303234 8 3 4 7 8  19.7208178 44 8 5 0 4\n

-0.0010453 46 7 9 5 1 7 7 7 2  0.005618653 3 1 8 4 2 2 7 2  -0.010589858 0 2 8 4 2 5 4  
5.686872679 1 2 8 7 6 e- 006\n

0.001807759 0 1 1 6 0 1 9 2  -0.009716672 9 4 9 3 4 7 4 2  0.01831338 62 7 0 8 5 8 6  
-9.8342718 76 2 4 2 6 5 e- 006  1.70069743 2 5 3 8 0 1 e- 005\n

0.001066840 1 0 2 5 6 9 3 6  -0.005734947 1 5 5 5 5 7 4 8  0.01080971 97 0 1 5 6 2 5  
-5.8046771 81 6 3 7 8 9 e- 006  1.00381830 4 7 7 1 2 7 e- 005  5.92546495 2 4 6 8 8 4 e-
006\n

COVARIANCE_STOP

Delivery

This  produc t  will  be  delivered  daily  during  all  phases  of  the  mission.

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.
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cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.
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6 . 1 0 Terra  Risk  Mitiga t i o n  Mane uv er  Predic t e d  Ephe m e r i s  and  
Covarian c e  Data

Des cr ipt i o n

FDS  will  provide  CRMS  with  predicted  ephem e r i s  and  covariance  data,  
including  maneuve r  options  planned  by  the  FDS  system  based  on  CRMS  
provided  OPMs.

Format:

For  the  heade r  format  and  data  format  descrip tion  tables,  see  “Orbit  
Epheme r i s  Message s  (OEM)”,  CCSDS  502.0- B-2  Orbit  Data  Message s ,  Blue  
Book,   Section  5,  pages  5-3  to  5-6,  Novembe r  2009.

Sampl e  Head er  Record

CCSDS_OEM_VERS  =  2.0
CREATION_DATE  =  2019- 12- 04T12:12:35.332
ORIGINATOR  =  EOS  FDS

Sampl e  Data  Record

META_START
OBJECT_NAME  =  Terra
OBJECT_ID  =  1122334
CENTER_NAME  =  Earth
REF_FRAME  =  EME2000
TIME_SYSTEM  =  UTC
START_TIME  =  2019- 12- 04T08:33:00.000
STOP_TIME  =  2019- 12- 12T00:00:00.000
INTERPOLATION  =  5th  Order  Spline
INTERPOLATION_DEGREE  =  5
META_STOP
2019- 12- 04T08:33:00.000  -4194.50680 91 8 2 9 4  -5422.503459 1 8 3 0 9  
1775.27067 08 0 7 2 0  -2.028479811 5 5 5 9 6  -0.794981395 2 9 7 0 4 0  
-7.1814152 06 2 7 0 1 6
2019- 12- 04T08:34:00.000  -4307.65481 19 8 8 7 3  -5459.208968 1 4 4 0 3  
1341.07901 30 3 7 2 0  -1.741852667 1 6 2 5 2  -0.428127831 7 0 4 0 2 1  
-7.2867478 66 4 0 5 4 2 .
.

20
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cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
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.
.
COVARIANCE_START
EPOCH  =  2019- 12- 04T08:33:00.000
COV_REF_FRAME  =  EME2000
1.217204832 0 1 3 6 8 e- 006
-5.6942219 57 2 1 0 9 8 e- 007  1.13500003 1 3 6 0 9 5 e- 006
6.369150388 8 9 2 8 1 e- 007  1.386284074 6 9 3 2 3 e- 006  6.885807185 5 3 1 5 8 e- 006
-3.3330882 28 2 9 5 6 0 e- 010  -8.99006260 21 2 7 3 6 e- 010  -3.8047947 93 7 0 6 5 6 e-
009  3.76011458 40 3 1 6 7 e- 012
-6.1034108 01 2 3 2 8 0 e- 010  -8.62126050 60 6 7 9 0 e- 010  -4.6570358 88 3 8 1 6 1 e-
009  1.36946768 19 3 5 3 3 e- 012  4.30516489 07 3 1 6 3 e- 012
1.859294020 1 4 9 6 1 e- 011  1.345892360 6 6 2 7 2 e- 010  1.856251517 1 7 7 6 8 e- 009
-1.2589718 59 4 5 6 8 6 e- 012  -9.83903255 29 3 3 4 6 e- 013  8.374080483 1 0 1 9 6 e-
013
EPOCH  =  2019- 12- 04T08:34:00.000
COV_REF_FRAME  =  EME2000
1.186919370 8 1 9 6 3 e- 006
-6.5120592 05 8 9 3 4 8 e- 007  1.04455178 6 0 9 1 0 7 e- 006
4.019939642 0 6 4 1 7 e- 007  1.104887059 3 6 3 3 5 e- 006  7.083911952 5 7 9 2 4 e- 006
-1.6988237 83 9 1 0 6 9 e- 010  -7.49095713 50 7 4 6 5 e- 010  -3.9422613 14 0 4 5 8 7 e-
009  3.83699704 12 0 6 8 1 e- 012
-4.6278496 74 4 5 4 5 4 e- 010  -6.42192938 54 2 4 8 4 e- 010  -4.8349456 78 0 7 9 4 2 e-
009  1.47514900 83 8 2 1 2 e- 012  4.47320918 47 7 3 7 3 e- 012
-9.1783870 71 3 4 6 9 6 e- 011  -9.62080131 77 2 3 7 8 e- 012  1.440463817 1 4 4 7 5 e-
009  -1.044694895 3 4 3 8 3 e- 012  -7.24777853 23 6 5 8 0 e- 013  
6.462868336 7 8 4 5 4 e- 013
.
.
.
COVARIANCE_STOP

Delivery

This  produc t  will  be  delivered  during  all  phases  of  the  mission,  whenever  an
OPM  is  received  that  includes  valid  maneuve r  options. .

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.
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S e c t i o n  7 .   FDS  to  FOT  Report s

7 . 1 Produ c t  Sum m ary  Chart

Table  7 -1  summa rizes  all  repor t s  that  are  provided  direc tly  to  the  FOT  by  
the  FDS.   These  repor t s  are  not  utilized  in  any  way  by  EMOS  software  and  
EMOS  software  will  have  no  knowledge  of  their  locations .   The  following  
sections  give  more  detail  about  each  produc t .

Table  7- 1.  Sum m ary  of  FDS  to  FOT  Report s

Produc t  Nam e IC
D

Sec

Purpo s e Delivery
Sche d u l e

Times p a n Mediu m
(Prim e / B k u

p)

DMR
No.

Sensor
Calibra t ion

Trend  Repor t s

7.1 Repor t s
for  FOT

Monthly Cumulative
for  mission

lifetime

SFTP/FAX 7120- 1,
7120- 2,
7120- 9

Onboard
Navigation
Evaluation

7.2 Repor t
for  FOT

(See  Sec
7.2.5)

N/A SFTP/FAX 7210- 1,
7210- 2,
7210- 3,
7210- 4

EOS  Terra  Post
Maneuver

Report

7.3 Repor t
for  FOT

After  each
orbit

maneuve r

N/A SFTP/FAX 7210- 22

SCC  Attitude
Validation

Report

7.4 Repor t
for  FOT

(See  Sec
7.4.5)

N/A SFTP/FAX 7140- 1

EOS  Terra  
Pre- Maneuver

Report

7.5 Repor t
for  FOT

24  hours
and  48
hours
before

maneuve r

N/A SFTP/FAX 7220- 2

Solar  Eclipse
Shadow

Predic tion
Report

7.6 Repor t
for  FOT

Weekly Eclipse
dura tion

SFTP/Tape TBS

Star  Catalog
Update  Repor t

7.7 Repor t
for  FOT

As needed N/A e- mail/FAX 7140- 2

Deleted 7.8 N/A N/A N/A N/A N/A

Moved  to 7.9 N/A N/A N/A N/A N/A
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Section  3.3

Deleted 7.1
0

N/A N/A N/A N/A N/A

Daily  Repor t 7.1
1

Repor t
for  FOT

Daily N/A SFTP/FAX N/A
(FOT

Reques t
)

Low  Elevation
Angle  Contact s

Report

7.1
2

Repor t
for  FOT

Daily

Weekly

7  or  49  days SFTP/FAX N/A
(FOT

Reques t
)

Solar  RFI
Report

7.1
3

Repor t
for  FOT

Weekly 49  days SFTP/FAX N/A
(FOT

Reques t
)

7 . 2 Sens or  Calibrat io n  Trend  Report s

7.2.1 Descript ion

The  FDS  provides  the  EOC  with  repor t s  of  the  trend  analysis  done  for  the
Solid  State  Star  Trackers  (SSST),  the  Fine  Sun  Sensor  (FSS),  and  the
Inertial  Reference  Units  (IRU).   

These  trend  analysis  repor t s  will  include:
  

a. SSSTs  - alignmen t ,  star  magnitude  sensitivity,  and  scale  factors
b. IRUs  - alignmen t  and  scale  factors
c. FSS  - alignme n t  and  field- of-view  (FOV)  param e t e r s  

This  information  is  genera t e d  during  the  routine  calibra t ion  activities
provided  by  the  FDS.   These  repor ts  consis t  of  plots  of  calibra t ion  data  over
the  timespa n  mentioned  above.   These  repor t s  also  consist  of  a  summary  of
calibra tion  activities  and  the  resul ts ,  as  well  as  any  observa t ions  about  the
curren t  trend.

7.2.2 Mission  Phase
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These  repor t s  are  genera t e d  during  the  Checkou t  and  Opera t ional  mission
phase.

7.2.3 Format

Sample  repor t s  are  given  below.  Individual  field  descrip tions  are  as  follows:

a. All time  fields  are  in  the  format  YYYYDDD.HHMMSS
b. All quate rnion  compone n t s  (q1,  q2,  q3,  q4)  are  dimensionless  and  

repres en t  the  alignme n t  from  the  spacecr af t  frame  to  the  sensor  
frame

c. All scale  factors  are  dimensionless
d. SSST  sensitivity  is  in  terms  of  instrum e n t a l  magnitude
e. FSS  field- of-view  coefficients  #  1,  3,  and  6  are  dimensionless
f. FSS  field- of-view  coefficients  #  5,  8,  and  9  are  in  radians
g. FSS  field- of-view  coefficients  #  4  and  7  are  in  radian/coun t
h. FSS  field- of-view  coefficient  #  2  is  in  count -1

SSST-1 Calibration Trend Report

TIME q1 q2 q3 q4 Sensitivity h scale
factor

v scale
factor

1998181.000001 0.365241 -0.509084 0.496547 0.60072753 0.0245 1.034 1.031

1998212.000001 0.362451 -0.507703 0.496887 0.60329947 0.0459 1.023 0.998

1999243.000001 0.365278 -0.509081 0.496543 0.60071088 0.0234 1.112 1.021

1998273.000001 0.365236 -0.509032 0.496594 0.60073579 0.0255 1.031 1.124

1998303.000001 0.365245 -0.509082 0.496543 0.6007301 0.0198 0.998 1.014

1998334.000001 0.365294 -0.50908 0.496545 0.60070035 0.0334 1.021 0.997

1998365.000001 0.365259 -0.509032 0.496542 0.60076479 0.0258 1.124 1.112

1999030.000001 0.365204 -0.509085 0.496534 0.60075993 0.0243 1.014 1.021

1999058.000001 0.365223 -0.509081 0.496542 0.60074515 0.0223 1.055 1.024

3
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
IRU-1 Calibration Trend Report

TIME q1 q2 q3 q4 X scale
factor

Y scale
factor

Z scale
factor

1998181.000001 0.496543 0.6007301 0.365245 -0.509082 1.034 1.031 1.021

1998212.000001 0.496545 0.6007003 0.365294 -0.50908 1.023 0.998 1.124

1999243.000001 0.496542 0.6007648 0.365259 -0.509032 1.112 1.021 1.014

1998273.000001 0.496534 0.6007599 0.365204 -0.509085 1.031 1.124 1.055

1998303.000001 0.496542 0.6007452 0.365223 -0.509081 0.998 1.014 1.031

1998334.000001 0.496547 0.6007275 0.365241 -0.509084 1.021 0.997 0.998

1998365.000001 0.496887 0.6032995 0.362451 -0.507703 1.124 1.112 1.021

1999030.000001 0.496543 0.6007109 0.365278 -0.509081 1.014 1.021 1.124

1999058.000001 0.496594 0.6007358 0.365236 -0.509032 1.122 1.024 1.014

FSS Calibration Trend Report

Quaternion

TIME q1 q2 q3 q4

1998181.000001 -0.509032 0.6007358 0.496594 0.365236

1998212.000001 -0.509082 0.6007301 0.496543 0.365245

1999243.000001 -0.50908 0.6007003 0.496545 0.365294

1998273.000001 -0.509032 0.6007648 0.496542 0.365259

1998303.000001 -0.509085 0.6007599 0.496534 0.365204

1998334.000001 -0.509081 0.6007452 0.496542 0.365223

1998365.000001 -0.509084 0.6007275 0.496547 0.365241

1999030.000001 -0.507703 0.6032995 0.496887 0.362451

1999058.000001 -0.509081 0.6007109 0.496543 0.365278

FSS Alpha-Angle FOV Parameters

TIME A1 A2 A3 A4 A5 A6 A7 A8 A9

1998181.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1998212.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1999243.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1998273.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1998303.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1998334.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1998365.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1999030.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1999058.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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FSS Beta-Angle FOV Parameters

TIME B1 B2 B3 B4 B5 B6 B7 B8 B9
1998181.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1998212.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1999243.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1998273.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1998303.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1998334.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1998365.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1999030.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1999058.000001 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

7.2.4 Accuracy

There  is  no  accuracy  require m e n t  for  any  of  these  repor t s .

7 .2.5 Delivery  Schedule

These  produc ts  were  delivered  to  the  EOC  on  an  as- needed  basis  during  the
Checkout  phase.   During  the  Opera t ional  phase,  the  delivery  occurs  on  a
frequency  of  once  per  month  after  the  initial  calibra t ion  is  complet e  and
upon  detect ion  of  anomalies  in  the  atti tude  sensors.

7.2.6 Timespan

These  trend  analysis  repor ts  are  comprehe n sive  repor t s  that  augmen t  the
previous  repor t s  with  the  curren t  data,  which  star t s  when  the  first
calibra tion  is  completed  and  covers  to  the  curren t  repor t  date.   

7 . 2.7 Transmission  Medium

7.2.7.1 Prime  Medium

The  repor t s  are  delivered  to  the  EOC  via  SFTP.   

7 . 2.7.2 Backup  Medium

The  repor t s  are  faxed  or  hand  delivered  to  the  EOC  areas  if necessa ry.  

7 . 2.8 Volume  Estimate

The  volume  estimate  for  each  of  these  repor t s  is  25  Kbytes.   
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7 . 3 Onboard  Naviga t i o n  Evaluat io n /Q u a l i ty  Assuran c e

7.3.1 Descript ion

The  FDS  maintains  the  TGSS  that  has  the  capability  of  emulating  the  
onboard  navigat ion  system  to  evaluat e  its  performa nc e .   This  emulato r  is  
also  used  to  perform  diagnos tics  and  to  test  proposed  modifica tions .   A 
repor t  is  genera t e d  from  this  emulato r  for  delivery  to  the  EOC.   The  EOS  
Terra  onboard  navigat ion  require m e n t  is  150  mete r s  and  velocities  0.160  
m/sec  (both  per  axis,  3  sigma).   These  are  the  criteria  used  in  evalua ting  the
onboard  system  and  when  testing  modifications  to  the  system.

7.3.2 Mission  Phase

The  emulato r  is  used  during  all  phases  of  the  mission.   Report s  are  issued
during  all  mission  phases ,  following  TONS  initialization,  which  is  when
TONS  output  is  comman d e d .   

7 . 3.3 Format

The  format  of  this  repor t  is  an  EXCEL  spreads h e e t  as  shown  in  the  sample
repor t  given  below.

TONS Performance Evaluation / Quality Assurance Report
Report Created: 4/25/97 9:05:37 EST Version: 1

Data Time Span: Start: 7/15/96 0:00:00 EST Stop: 7/21/96 11:59:59 EST

Onboard FCW from: Orbit Elements TONS

Onboard FCW vs. Observed Doppler: Max: 23 Hz RMS: 14 Hz

Ephem Comparison (all units in meters or meters/second)

TONS Comparison to: Independent Ephem TONS-Propagated Ephem

Maximum Differences by 
Component:

X Y Z R I C

Position 5 3 1 1 7 3

Velocity 0.007 0.01 0.001 0.001 0.009 0.004
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Detailed Statistics: MAX D MEAN D 1-s RMS

Crosstrack
Velocity

0.004 0.0005 0.001 na

RSS Position 15 0 3 3

RSS Velocity 0.01 0 0.0008 0.0014

Daily Statistics: Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Drag Coefficient (CD): Max 2.1 2.22 2.1 2 2.2 2.3 2.2

RMS 2 2 2.1 2 2 2.1 2.2

TDRS 
Bias

0 0 0 0 0 0 0

Frequency Bias (S-Hz) -116 -115.93 -115.87 -115.84 -115.82 -115.78 -115.76

Measurement Statistics 
(Residuals):

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Edit T1 Max (Hz) 0.06 0.06 0.06 0.06 0.06 0.06 0.06

Mean (Hz) 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004

Sigma (Hz) 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038

% Edited 1 1 1 1 1 1 1

T2 Max (Hz) 0.06 0.06 0.06 0.06 0.06 0.06 0.06

Mean (Hz) 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004

Sigma (Hz) 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038

% Edited 1 1 1 1 1 1 1

T3 Max (Hz) na na na na na na na

Mean (Hz) na na na na na na na

Sigma (Hz) na na na na na na na

% Edited na na na na na na na

T4 Max (Hz) na na na na na na na

Mean (Hz) na na na na na na na

Sigma (Hz) na na na na na na na

% Edited na na na na na na na

Unedit T1 Max (Hz) 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Mean (Hz) 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Sigma (Hz) 0.38 0.38 0.38 0.38 0.38 0.38 0.38

T2 Max (Hz) 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Mean (Hz) 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Sigma (Hz) 0.38 0.38 0.38 0.38 0.38 0.38 0.38

T3 Max (Hz) na na na na na na na

Mean (Hz) na na na na na na na

Sigma (Hz) na na na na na na na
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T4 Max (Hz) na na na na na na na

Mean (Hz) na na na na na na na

Sigma (Hz) na na na na na na na

MAXimum VDNA for the period: 0.0034 Hz

7.3.4 Accuracy

There  is  no  accuracy  require m e n t  for  this  repor t .

7 . 3.5 Delivery  Schedule

The  repor t  is  genera t e d  as  follows:

a. After  first  2  orbits  and  then  two  times  per  day  from  TONS  
initialization  (TI)  to  
TI +  2  days

b. Once  per  day  from  TI +  2  days  to  TI +  7  days
c. Once  per  week  from  TI +  7  days  to  deactiva tion

7.3.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

7 .3.7 Transmission  Medium

7.3.7.1 Prime  Medium

The  produc t  is  a  one  page  summa ry  of  navigat ion  performa nc e  and  is
transfe r r e d  to  the  FOT  via  SFTP.

7.3.8 Volume  Estimate

There  is  no  volume  estimate  for  this  product .

7 . 4 EOS  Terra  Post  Mane uv e r  Report

7.4.1 Descript ion

After  each  EOS  Terra  orbit  maneuver ,  the  FDS  will  provide  the  EOC  with  a
repor t  containing  the  post  maneuve r  status  of  the  spacecraf t .
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7.4.2 Mission  Phase

This  produc t  is  delivered  during  the  Launch/Acquisi tion,  Checkou t  and
Opera t ional  phases .

7.4.3 Format

The  format  of  this  repor t  is  an  EXCEL  spreads h e e t  as  shown  in  the  sample  
repor t  given  below.   

The  file  will  contain  the  following  informat ion:

a. Post  maneuver  actual  state  vector
b. Post  maneuver  predicted  state  vector
c. Thrust  scale  factor
d. Fuel  remaining  estimate

A sample  repor t  is  given  below.
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      EOS AM-1 Postmaneuver  Report

Planned Observed Delta (O-P)

Maneuver Type: Groundtrack  Maneuver Date 19981022 19981022

Thruster Set Used: Odd  Maneuver Start (GMT) 11:10:31.604 11:10:31.604 0

 Maneuver End  (GMT) 11:10:50.327 11:10:50.303 -0.024
 Duration (seconds) 18.723 18.699 -0.024

                     Predicted Spacecraft State              Reconstructed Spacecraft State                        Calibrated State

Premaneuver Postmaneuver Change in Premaneuver Postmaneuver Change in Postmaneuver Change in

Key Parameters Orbit Orbit Parameter Orbit Orbit Parameter Orbit Parameter

Osculating  Elements (MJ2000):
Epoch 11:10:31.604 11:10:50.327 11:10:31.604 11:10:50.303 11:10:50.303
SMA (km) 7086.759930 7087.260230 7086.759930 7087.259610 7087.260230
ECC 0.001324 0.001328 0.001324 0.001328 0.001328
INC (deg) 98.303172 98.303143 98.303172 98.303143 98.303143
RAAN (deg) 5.929990 5.929990 5.929990 5.929990 5.929990
AOP (deg) 108.411380 111.659820 108.411380 111.655820 111.659820
MA (deg) 67.453490 65.343220 67.453490 65.345790 65.343220

Brouwer Mean Elements:
Epoch 11:10:31.604 11:10:50.327 11:10:31.604 11:10:50.303 11:10:50.303
SMA (km) 7077.708460 7078.165320 0.45686 7077.708460 7078.164750 0.45629 7078.165320 0.456860
ECC 0.001165 0.001169 4.1E-06 0.001165 0.001169 4.1E-06 0.001169 0.000004
INC (deg) 98.308521 98.308517 -4E-06 98.308521 98.308517 -4E-06 98.308517 -0.000004
RAAN (deg) 5.929190 5.929410 5.929190 5.929410 5.929410
AOP (deg) 88.812200 91.970310 88.812200 91.966380 91.970310
MA (deg) 87.060420 85.038320 87.060420 85.040830 85.038320

Delta-V:
Total Delta-V  (m/sec) 0.300000 0.290000 0.280000

Propulsion System State:
Tank Pressure (PSIA) 360.000000 354.000000 -6 360.000000 354.000000 -6 354.000000 -6.000000
Tank Temp (deg C) 21.000000 21.000000 21.000000
Fuel Mass(kg) 252.0000 248.0000 -4.0000 252.000000 248.500000 -3.500000 248.600000 -3.400000
S/C Mass (kg) 4444.00 4440.00 -4.0000 4444.000000 4440.500000 -3.500000 4440.600000 -3.400000

Mnvr Modeling Parameters:
Thrust Scale Factor 1.000000 1.000000 1.000000
DutyCycles 5lb #1 1.000000 1.000000 1.000000

5lb #2 1.000000 1.000000 1.000000
1lb #1 0.050000 0.040000 0.040000
1lb #2 0.050000 0.040000 0.040000
1lb #3 0.050000 0.040000 0.040000
1lb #4 0.050000 0.040000 0.040000
1lb #5 0.050000 0.040000 0.040000
1lb #6 0.050000 0.040000 0.040000

Attitude Parameters:
X Rate Bias (deg) 0.000000 0.000000 0.000000 0.000000 0.000000
Y Rate Bias (deg) 0.000000 0.000000 0.000000 0.000000 0.000000
Z Rate Bias (deg) 0.000000 0.000000 0.000000 0.000000 0.000000
Roll (deg) 0.000000 0.000000 0.000000 0.000000 0.000000
Pitch (deg) 0.000000 0.000000 0.000000 0.000000 0.000000
Yaw (deg) 0.000000 0.000000 0.000000 0.000000 0.000000
Slew Angle (deg) 0.000000 0.000000 0.000000 0.000000 0.000000
Slew Rate (deg) 0.000000 0.000000 0.000000 0.000000 0.000000

Calibration Results:
Thrust Scale Factor (TSF) Planned: 1

Solved For: 0.98 Percent Error: -2

Comments:

This is only a sample

7.4.4 Accuracy

The  accuracy  associa ted  with  this  produc t  is  best  effort.
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7.4.5 Delivery  Schedule

This  produc t  is  delivered  after  each  EOS  Terra  orbit  maneuve r .

7.4.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

7 .4.7 Transmission  Medium

7.4.7.1 Prime  Medium

This  produc t  is  transfe r r e d  to  the  FOT  via  SFTP.

7.4.7.2 Backup  Medium

This  produc t  is  transfe r r e d  to  the  FOT  via  FAX.

7.4.8 Volume  Estimate

There  is  no  volume  estimate  for  this  product .

7 . 5 SCC  Attitud e   Deter m i n a t i o n  Validat io n

7.5.1 Descript ion

The  FDS  validate s  the  SCC  atti tude  dete rmina t ion  process  and  verifies  that
it  meets  the  requirem e n t s  as  outlined  in  the  EOS  AM-1  DMR,  Section  7140-
1.

7.5.2 Mission  Phase

This  produc t  is  delivered  during  the  Launch/Acquisi tion,  Checkou t  and
Opera t ional  phases .

7.5.3 Format

The  product  is  a  repor t  of  the  validation  process .   The  repor t  contains  SCC-
dete rmined  atti tude ,  ground- dete rmine d  atti tude ,  and  atti tude  residuals
(i.e.,  difference  between  the  preceding  two).   A  sample  repor t  is  given
below.
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OBC  Fine  Attitude  RPY Residuals  Table

Time  
(YYYYDDD.HHMMSS m m

m)

OBC  Attitude
(arc- sec)  

Ground  Attitude
(arc- sec)  

Attitude
Residuals
(arc- sec)  

Roll Pitch Yaw Roll Pitch Yaw Roll Pitch Yaw
1997302.000 0 0 0 0 0 0 25.00 -15.00 20.00 15.00 -20.00 25.00 10.00 5.00 -5.00
1997302.000 1 0 0 0 0 2 25.10 -15.20 19.90 15.20 -19.90 25.10 9.90 4.70 -5.20
1997302.000 2 0 0 0 0 0 25.20 -15.40 19.80 15.40 -19.80 25.20 9.80 4.40 -5.40
1997302.000 3 0 0 0 0 1 25.30 -15.60 19.70 15.60 -19.70 25.30 9.70 4.10 -5.60
1997302.000 3 9 9 9 9 9 25.40 -15.80 19.60 15.80 -19.60 25.40 9.60 3.80 -5.80
1997302.000 5 0 0 0 0 1 25.50 -16.00 19.50 16.00 -19.50 25.50 9.50 3.50 -6.00
1997302.000 6 0 0 0 0 3 25.60 -16.20 19.40 16.20 -19.40 25.60 9.40 3.20 -6.20
1997302.000 7 0 0 0 0 1 25.70 -16.40 19.30 16.40 -19.30 25.70 9.30 2.90 -6.40

7.5.4 Accuracy

There  is  no  accuracy  associat ed  with  this  product .

7 .5.5 Delivery  Schedule

This  produc t  is  delivered  once  during  the  checkout  phase  prior  to  the
attitude  sensor  calibra tion  efforts ,  once  during  the  checkout  phase  after  the
attitude  sensor  calibra tion  efforts  are  complet e,  and  as  needed  thereaf t e r .

7 . 5.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .

7 .5.7 Transmission  Medium

7.5.7.1 Prime  Medium

This  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

7.5.7.2 Backup  Medium

This  produc t  is  transfe r r e d  via  a  FAX or  hardcopy.
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7.5.8 Volume  Estimate

There  is  no  volume  estimate  for  this  product .

7 . 6 EOS  Terra  Pre- Mane uv e r  Report

7.6.1 Descript ion

Before  each  EOS  Terra  orbit  maneuve r ,  the  FDS  will  provide  the  EOC  with
a  repor t  containing  the  predic ted  maneuve r  data  of  the  spacec raf t .

7 . 6.2 Mission  Phase

This  produc t  is  delivered  during  the  Launch/Acquisi tion,  Checkou t  and
Opera t ional  phases .

7.6.3 Format

The  file  will  contain  the  following  informat ion:

a. Pre- maneuve r  maneuver  predic ted  state  vector
b. Post  maneuver  predicted  state  vector
c. Thrust  scale  factor
d. Fuel  remaining  estimate

A sample  repor t  is  given  below.
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     EOS AM-1 Orbit Maneuver Plan

 Maneuver Date 19981022

X   Preliminary Plan  Maneuver Start (UTC) 11:10:31.604

 Maneuver End  (UTC) 11:10:50.327

  Final Plan  Duration (seconds) 18.7230

 Maneuver Type Groundtrack
 Thruster Set Used Odd

                     Predicted Spacecraft State

Premaneuver Postmaneuver Change in

Key Parameters Orbit Orbit Parameter

Osculating  Elements (MJ2000):
Epoch 11:10:31.604 11:10:50.327
SMA (km) 7086.759930 7087.260230
ECC 0.001324 0.001328
INC (deg) 98.303172 98.303143
RAAN (deg) 5.929990 5.929990
AOP (deg) 108.411380 111.659820
MA (deg) 67.453490 65.343220
Brouwer Mean Elements:
Epoch 11:10:31.604 11:10:50.327
SMA (km) 7077.708460 7078.165320 0.45686
ECC 0.001165 0.001169 4.1E-06
INC (deg) 98.308521 98.308517 -4E-06
RAAN (deg) 5.929190 5.929410
AOP (deg) 88.812200 91.970310
MA (deg) 87.060420 85.038320
Delta-V
Total Delta-V  (m/sec) 0.300000
Mnvr Modeling Parameters:
Thrust Scale Factor 1.000000
Duty Cycles 5lb #1 1.000000

5lb #2 1.000000
1lb #1 0.050000
1lb #2 0.050000
1lb #3 0.050000
1lb #4 0.050000
1lb #5 0.050000
1lb #6 0.050000

Attitude Parameters:
X Rate Bias (deg) 0.000000 0.000000
Y Rate Bias (deg) 0.000000 0.000000
Z Rate Bias (deg) 0.000000 0.000000
Roll (deg) 0.000000 0.000000
Pitch (deg) 0.000000 0.000000
Yaw (deg) 0.000000 0.000000
Slew Angle (deg) 0.000000 0.000000
Slew Rate (deg) 0.000000 0.000000
Propulsion System State:
Tank Pressure (psi) 360.000000 354.000000 -6.000000
Tank Temp (deg C) 21.000000
Fuel Mass(kg) 252.0000 248.0000 -4.0000
S/C Mass (kg) 10161.30 10160.19 -1.1108

 Comments:
This is only a sample.

7.6.4 Accuracy
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The  accuracy  associa ted  with  this  produc t  is  best  effort.

7 . 6.5 Delivery  Schedule

This  produc t  is  delivered  24  hours  and  48  hours  before  each  EOS  Terra
maneuve r .   

7 . 6.6 Timespan

There  is  no  timespan  associa t ed  with  this  produc t .   

7 . 6.7 Transmission  Medium

7.6.7.1 Prime  Medium

This  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

7.6.7.2 Backup  Medium

This  produc t  is  transfe r r e d  to  the  EOC  via  FAX.

7.6.8 Volume  Estimate

There  is  no  volume  estimate  for  this  product .

7 . 7 Solar  Eclips e  Shad ow  Predic t i o n  Report

7.7.1 Descript ion

The  FDS  provides  the  FOT  with  Solar  Eclipse  Shadow  Prediction  Reports
which  contain  the  times  of  the  entrance  into  Moon/Sun  eclipse  along  with
the  percen t  of  shadow  as  seen  by  the  Spacecraf t .   Also,  the  repor t  contains
the  percen t  shadow  at  the  maximum  shadow  time.

7.7.2 Mission  Phase

This  produc t  is  delivered  during  the  Checkout  and  Operat ional  phases .

7.7.3 Format

A sample  repor t  is  given  below.
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Satellite  – AM-1  

Time  (UTCG) Shadow  
Type

Event Condit io
n

Durat io n Perce n t
Shadow

9  Mar  1997  
00:56:26.97

Penumb r a Entranc
e

N/A 0.000000

9  Mar  1997  
00:57:00.00

Penumb r a N/A 1.664378

9  Mar  1997  
00:57:30.00

Penumb r a N/A 4.432019

9  Mar  1997  
00:58:00.00

Penumb r a N/A 7.995428

9  Mar  1997  
00:58:30.00

Penumb r a N/A 12.21578 1

.

.

.
9  Mar  1997  
01:04:30.00

Penumb r a N/A 91.53511 6

9  Mar  1997  
01:05:00.00

Penumb r a Max  
Shadow

N/A 94.47083 2

9  Mar  1997  
01:06:30.00

Penumb r a N/A 91.20278 1

9  Mar  1997  
01:06:00.00

Penumb r a N/A 84.46107 3

.

.

.
9  Mar  1997  
01:11:30.00

Penumb r a N/A 4.597523

9  Mar  1997  
01:12:00.00

Penumb r a N/A 1.048784

9  Mar  1997  
01:12:17.63

Penumb r a Exit Duration 15.844 0.000000

7.7.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .

7 .7.5 Delivery  Schedule

This  produc t  is  delivered  as  par t  of  the  weekly  (7-week)  produc ts .
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7.7.6 Timespans

This  produc t  is  to  span  the  dura tion  of  the  eclipse.   

7 . 7.7 Transmission  Medium

7.7.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

7.7.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

7 . 7.8 Volume  Estimate

For  an  eclipse  with  predicted  dura t ion  of  15  minutes ,  the  data  volume  is  
about  2800  bytes  (  80  bytes/line  x 35  lines).≈

7 . 8 Star  Catalo g  Update  Report

7.8.1 Descript ion

The  FDS  will  provide  the  EOC  with  a  repor t  when  a  new  mission  star
catalog  is  produce d  for  upload  to  the  spacecraf t .   This  repor t  will  include
the  following  informat ion:

a. The  number  of  stars  in  the  new  catalog
b. A descrip tion  of  why  a  new  mission  catalog  is  required
c. The  major  differences  between  the  new  and  existing  catalogs
d. The  criteria  used  to  genera t e  the  new  catalog,  including:  

1. instrum e n t a l  magni tude  range
2. variable  amplitude  magni tude
3. position  knowledge  error
4. predicted  magni tude  knowledge  error
5. prope r  motion
6. multiple  star  selec tion
7. near- neighbor  selection
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7.8.2 Mission  Phase

The  repor t  is  genera t e d  during  the  prelaunch,  checkout ,  and  opera t ional
phases .

7.8.3 Format

The  format  for  each  of  these  repor t s  is  in  a  Microsoft  Word  (or  similar)
documen t  format .   A sample  repor t  is  given  below.   

EOS Terra Star Catalog Update Report
April  25,  1997

The  Flight  Dynamics  Analysis  Branch  creat ed  the  mission  star  
catalog  for  EOS  Terra.  

The  star  catalog  contains  a  total  of  700  valid  stars.

This  star  catalog  was  crea ted  to  allow  testing  of  the  EOS  Terra  
flight  software  by  Lockheed- Martin  during  the  prelaunch  phase.   
The  star  catalog  is  used  onboard  the  Terra  spacecraf t  during  all  
mission  phases .   

The  following  selec tion  criteria  was  used:

a. the  instrume n t a l  magnitude  range  is  limited  to  be  2.0  through  5.7
b. the  variable  amplitude  range  is  <  0.1  magnitude
c. for  a  componen t  of  a  multiple  star ,  the  neares t  star  is  not  less  

than  5  magnitudes  fainte r ,  or  is  less  than  5  arcseconds  away
d. the  position  knowledge  error  is  <  0.25  arcseconds
e. the  predicted  magnitude  knowledge  error  is  <  0.25  magni tudes
f. a  near  neighbor  star  within  0.2  degrees  must  be  fainte r  by  at  

leas t  5  magnitudes
g. a  near  neighbor  star  within  0.6  degrees  must  have  a  magnitude  

difference  of  at  leas t  0.75  magnitude s
h. the  total  proper  motion  is  0.7  arcseconds /yea r

7.8.4 Accuracy

There  is  no  accuracy  require m e n t  for  this  repor t .
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7.8.5 Delivery  Schedule

This  repor t  is  delivered  to  the  EOC  on  an  as- needed  basis.   The  delivery  will
coincide  with  the  delivery  the  “EOS  Terra  Mission  Star  Catalog”  produc t
described  in  Section  3.5.

7.8.6 Timespan

There  is  no  timespan  associa t ed  with  this  repor t .   The  repor t  is  considere d
valid  until  a  successive  repor t  is  delivered.

7.8.7 Transmission  Medium

7.8.7.1 Prime  Medium

The  repor t  is  delivered  to  the  EOC  via  electronic  mail.

7 . 8.7.2 Backup  Medium

The  repor t s  is  faxed  to  the  EOC  areas  if necessa ry.

7.8.8 Volume  Estimate

The  volume  estimate  for  each  of  these  repor t s  is  1  page  (approximate ly  20
Kbytes).

7 . 9 (Del e t e d )

7 . 1 0 (Move d  to  Sect io n  3.3)

7 . 1 1 (Del e t e d )

7 . 1 2 Daily  Report  

7.12.1 Descript ion
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The  FDS  delivers  a  daily  repor t  containing  the  maximum  position  and  
velocity  difference s  from  the  TDRS  tables  compare  for  TD1,  TD2,  TD3,  and  
TD4.

7.12.2 Mission  Phase

This  produc t  is  delivered  during  the  Opera t ional  phases .

7.12.3 Format

Following  a  heade r  that  includes  the  spacecraf t  name,  Terra,  and  the
produc t  genera t ion  date  and  time  (YYYYDDD.HHMMSS),  the  produc t
contains  the  position  and  velocity  comparison  data  for  the  TD1,  TD2,  TD3,
and  TD4  TDRS  on- board  table  slots  in  mete r s  and  meter s  per  second,
respec t ively.

Descrip tion Format Units  
Heade r  Line  with  
Spacec raf t  name  and
Produc t  genera t ion  
time

Terra
YYYYDOY.HHMMSS

n/a

TD1  Position
Compare

xxxx.xxxxxxxxx meter s

TD1  Velocity
Compare

xxxx.xxxxxxxxx meter s  per  
second

TD2  Position
Compare

xxxx.xxxxxxxxx meter s

TD2  Velocity
Compare

xxxx.xxxxxxxxx meter s  per  
second

TD3  Position
Compare

xxxx.xxxxxxxxx meter s

TD3  Velocity
Compare

xxxx.xxxxxxxxx meter s  per  
second

TD4  Position
Compare

xxxx.xxxxxxxxx meter s

TD4  Velocity
Compare

xxxx.xxxxxxxxx meter s  per  
second

A sample  repor t  is  given  below.
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Terra  2020050.1432 45
94.73226160 0
0.004673741
13.21972104 1
0.000787813
64.62804354 5
0.004590868
5.850748399
0.000292679

7.12.4 Accuracy

The  on- board  accuracy  require m e n t  for  position  is  600  mete r s ;  for  velocity
it  is  0.05  mete r s  per  second.

7.12.5 Delivery  Schedule

This  produc t  is  delivered  daily.

7.12.6 Timespans

This  produc t  has  no  time  span.

7.12.7 Transmission  Medium

7.12.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

7.12.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  iron  key.   

7 . 12.8 Volume  Estimate

The  data  volume  is  about  150  bytes.

7 . 1 3 Solar  RFI  Report

7.13.1 Descript ion
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The  FDS  provides  the  FOT  with  a  Solar  Radio  Freque ncy  Interfe r enc e  (RFI)
Report  that  contains  the  contact s  where  solar  RFI  is  expected .  A 1-degree
half  angle  is  used.   It  provides  data  for  the  Norway  sites  SG1,  SG2,  and
SG3.  

7.13.2 Mission  Phase

This  produc t  is  delivered  during  the  Opera t ional  phases .

7.13.3 Format

A sample  repor t  is  given  below.

Solar RFI Analysis Report
Mission:                Terra
Report Generation Time: Feb 17 2020 17:22:16.649 UTC
Analysis Start Epoch:   Feb 17 2020 00:00:00.000 UTC
Analysis End Epoch:     Apr 06 2020 00:00:00.000 UTC
Input Ephemeris File:   AM1_EOSEPHM7_048_2020_01.ephem
Ground Stations Used:   SG1 SG2 SG3
RFI Half-Angle:         1.00000 deg

                                                                Duration   Min. Angular
Station   Entry Epoch (UTC)          Exit Epoch (UTC)           (sec)      Sep. (deg)     Epoch at Minimum (UTC)
-------   ------------------------   ------------------------   --------   ------------   ------------------------
SG2       Mar 02 2020 08:15:58.688   Mar 02 2020 08:16:03.648      4.960        0.80419   Mar 02 2020 08:16:03.648
SG1       Mar 02 2020 08:15:58.688   Mar 02 2020 08:16:05.611      6.923        0.62214   Mar 02 2020 08:16:05.608
SG3       Mar 02 2020 08:15:58.688   Mar 02 2020 08:16:10.024     11.336        0.29220   Mar 02 2020 08:16:09.328
SG3       Mar 05 2020 08:46:29.083   Mar 05 2020 08:46:38.989      9.906        1.13888   Mar 05 2020 08:46:33.993
SG2       Mar 05 2020 08:46:29.083   Mar 05 2020 08:46:39.053      9.970        1.13661   Mar 05 2020 08:46:34.013
SG1       Mar 05 2020 08:46:29.083   Mar 05 2020 08:46:39.106     10.023        1.13467   Mar 05 2020 08:46:34.033
SG2       Mar 07 2020 08:34:08.509   Mar 07 2020 08:34:25.079     16.570        0.83030   Mar 07 2020 08:34:16.699
SG1       Mar 07 2020 08:34:08.509   Mar 07 2020 08:34:25.086     16.577        0.83198   Mar 07 2020 08:34:16.709
SG3       Mar 07 2020 08:34:08.509   Mar 07 2020 08:34:25.070     16.561        0.82831   Mar 07 2020 08:34:16.669
SG2       Mar 10 2020 09:04:34.189   Mar 10 2020 09:04:48.384     14.195        0.90115   Mar 10 2020 09:04:41.189
SG1       Mar 10 2020 09:04:34.189   Mar 10 2020 09:04:48.422     14.233        0.89874   Mar 10 2020 09:04:41.209
SG3       Mar 10 2020 09:04:34.189   Mar 10 2020 09:04:48.336     14.147        0.90394   Mar 10 2020 09:04:41.169
SG2       Mar 12 2020 08:52:21.585   Mar 12 2020 08:52:27.250      5.665        1.22432   Mar 12 2020 08:52:24.445
SG1       Mar 12 2020 08:52:21.585   Mar 12 2020 08:52:27.206      5.621        1.22644   Mar 12 2020 08:52:24.465
SG3       Mar 12 2020 08:52:21.585   Mar 12 2020 08:52:27.296      5.711        1.22185   Mar 12 2020 08:52:24.425
SG2       Mar 15 2020 09:22:42.110   Mar 15 2020 09:22:55.608     13.498        0.86547   Mar 15 2020 09:22:48.760
SG1       Mar 15 2020 09:22:42.110   Mar 15 2020 09:22:55.648     13.538        0.86252   Mar 15 2020 09:22:48.780
SG3       Mar 15 2020 09:22:42.110   Mar 15 2020 09:22:55.559     13.449        0.86886   Mar 15 2020 09:22:48.740
SG2       Mar 20 2020 09:40:52.386   Mar 20 2020 09:41:01.422      9.036        1.07997   Mar 20 2020 09:40:56.846
SG1       Mar 20 2020 09:40:52.386   Mar 20 2020 09:41:01.481      9.095        1.07640   Mar 20 2020 09:40:56.866
SG3       Mar 20 2020 09:40:52.386   Mar 20 2020 09:41:01.350      8.964        1.08405   Mar 20 2020 09:40:56.816
SG2       Mar 27 2020 09:46:45.067   Mar 27 2020 09:46:53.903      8.836        1.05757   Mar 27 2020 09:46:49.467
SG1       Mar 27 2020 09:46:45.067   Mar 27 2020 09:46:53.888      8.821        1.06144   Mar 27 2020 09:46:49.487
SG3       Mar 27 2020 09:46:45.067   Mar 27 2020 09:46:53.917      8.850        1.05316   Mar 27 2020 09:46:49.447
SG2       Apr 01 2020 10:04:52.107   Apr 01 2020 10:05:05.137     13.030        0.36658   Apr 01 2020 10:04:58.517
SG1       Apr 01 2020 10:04:52.107   Apr 01 2020 10:05:05.155     13.048        0.37121   Apr 01 2020 10:04:58.547
SG3       Apr 01 2020 10:04:52.107   Apr 01 2020 10:05:05.114     13.007        0.36133   Apr 01 2020 10:04:58.497

7.13.4 Accuracy

The  accuracy  for  this  produc t  is  best  available.

7.13.5 Delivery  Schedule

This  produc t  is  delivered  weekly  on  Mondays.
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7.13.6 Timespans

This  produc t  is  49  days.   

7 . 13.7 Transmission  Medium

7.13.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

7.13.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

7 . 13.8 Volume  Estimate

The  data  volume  is  typically  about  4000  bytes  for  a  1  month  period.

7 . 1 4 Low  Elevatio n  Contac t  Report  

7.14.1 Descript ion

The  FDS  provides  the  FOT  with  a  repor t  that  provides  the  time  periods
where  a  ground  station  contac t  is  above  a  10- deg  elevation.   For  each
ground  station  contac t ,  it  provides  the  AOS  and  LOS  times  when  the
elevation  is  above  10  degrees  along  with  the  maximum  elevation.   This,
paired  with  the  nominal  ground  station  contac t  repor t ,  helps  the  FOT
diagnose  issues  with  a  contac t .   If  an  issue  occurs  at  a  time  outside  the
contac t  span  in  this  report ,  the  spacecr af t  was  below  10- deg  in  elevation
and  was  in  the  ground  stations  “best  effort”  region.

7.14.2 Mission  Phase

This  produc t  is  delivered  during  the  Opera t ional  phases .

7.14.3 Format

A sample  repor t  (par tial  dura tion)  is  given  below.
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         Report    LowElevContact              

          Start   Feb 19 2020 00:00:00.000
            End   Feb 26 2020 00:00:00.000

---------------

GS --> SC        10 deg AOS Epoch        10 deg LOS Epoch  Max Elev.
------------------- ------------------------    ------------------------    ------------
TR2S --> LowElev_SC Feb 19 2020 00:16:39.951 Feb 19 2020 00:26:24.607    78.977402316
SG1S --> LowElev_SC Feb 19 2020 01:04:25.325 Feb 19 2020 01:04:58.291    10.040145829
SG3S --> LowElev_SC Feb 19 2020 01:04:26.373 Feb 19 2020 01:04:57.327    10.035525814
SG4S --> LowElev_SC Feb 19 2020 01:04:26.917 Feb 19 2020 01:04:56.754    10.033004239
KLMS --> LowElev_SC Feb 19 2020 01:04:25.806 Feb 19 2020 01:04:57.847    10.037918488
U4AS --> LowElev_SC Feb 19 2020 01:06:42.557 Feb 19 2020 01:10:55.822    12.912741132
U5AS --> LowElev_SC Feb 19 2020 01:06:42.598 Feb 19 2020 01:10:55.746    12.909712109
GLCS --> LowElev_SC Feb 19 2020 01:06:36.688 Feb 19 2020 01:10:59.975    13.183020727
GLAS --> LowElev_SC Feb 19 2020 01:06:36.668 Feb 19 2020 01:11:00.097    13.186750534
GLBS --> LowElev_SC Feb 19 2020 01:06:36.675 Feb 19 2020 01:11:00.037    13.184999207
ASFS --> LowElev_SC Feb 19 2020 01:06:41.493 Feb 19 2020 01:11:01.021    13.079262145
AS3S --> LowElev_SC Feb 19 2020 01:06:41.480 Feb 19 2020 01:11:00.986    13.078660449
AS2S --> LowElev_SC Feb 19 2020 01:06:41.460 Feb 19 2020 01:11:00.943    13.078132477
TR2S --> LowElev_SC Feb 19 2020 01:54:28.236 Feb 19 2020 02:03:30.966    39.812807718
WAPS --> LowElev_SC Feb 19 2020 02:27:31.827 Feb 19 2020 02:36:21.050    39.083069256
U4AS --> LowElev_SC Feb 19 2020 02:43:28.268 Feb 19 2020 02:46:15.434    11.182606031

7.14.4 Accuracy

There  is  no  accuracy  require m e n t  associa t ed  with  this  produc t .   The
epheme r ides  that  this  produc t  uses  are  to  produce  an  accuracy  of  60
seconds  absolute  UTC  at  the  end  of  a  3  week  prediction.

7.14.5 Delivery  Schedule

This  produc t  is  to  be  delivered  once  per  week  for  the  7-week  produc t  and
once  per  day  for  the  7-day  produc t .

7 .14.6 Timespans

This  produc t  span  is  7  weeks  or  7  days.   

7 . 14.7 Transmission  Medium

7.14.7.1 Prime  Medium

The  produc t  is  transfe r r e d  to  the  EOC  via  SFTP.

7.14.7.2 Backup  Medium

The  backup  medium  for  this  produc t  is  a  40GB  Native  DLTtape  IV.  

7 . 14.8 Volume  Estimate

The  data  volume  is  typically  about  4000  bytes  for  a  1  month  period.
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S e c t i o n  8 .   CRMS  to  FDS  Produ c t s

8 . 1 Terra  OPM_Man e u v e r_Data

Des cr ipt i o n

The  Orbit  Param e t e r  Message  (OPM)  maneuver  file  genera t e d  by  CRMS  will
provide  FDS  a  data  file  containing  input  to  the  automa t e d  RMM  planning.

In  suppor t  of  automa t ed  conjunction  assess m e n t  and  risk  mitigation  for  the  
Terra  spacecraf t  the  CRMS  shall  deliver  CCSDS  Orbit  Param e t e r  Messages  
(OPMs)  to  the  FDS  team.  The  FDS  will  ingest  and  process  these  OPMs  to  
genera t e  and  deliver  viable  maneuve r  options  for  screening.

1. The  file  naming  convention  for  these  OPMs  shall  be  as  follows  (the  
convention  is  also  described  in  Appendix  C.4):

Terra
Terra_OPM_[YYYY]-[MM]-
[DD]_[HHMMSS].opm

* The  date  and  time  correspond  to  the  genera t ion  time  of  the  OPM
2. Each  OPM  can  contain  up  to  8  maneuver  options.   These  are  usually  

divided  between  two  defined  const r ain t  window  groups.
a. A “const rain t  window  group”  is  defined  as  a  range  of  

“Constra in t_window_dura t ion”  values  that  will  be  grouped  
togethe r  for  analysis  and  post- processing  by  the  FDS

3. Except  in  special  cases,  two  const r ain t  window  groups  are  expected  
for  processing  by  the  FDS

a. Const rain t  window  group  #1  shall  be  defined  as  
“Constra in t_window_dura t ion”  values  from  0.4  hours  to  8  hours  
(inclusive)

b. Const rain t  window  group  #2  shall  be  defined  as  
“Constra in t_window_dura t ion”  values  great e r  than  8  hours

4. Except  in  special  cases,  two  (2)  “uncons t r a ine d”  maneuver  options  
will  be  included  in  the  OPM  for  each  const r ain t  window  group.

a. An “uncons t r a ine d”  maneuve r  option  is  a  targe t e d  burn  size  that
mitigat es  a  conjunction  within  a  given  “const rain t  window  
dura tion”  and  is  not  const rained  by  the  mission  delta- v buffer  
values  provided  by  the  FDS

b. A “delta- v buffer”  is  defined  as  the  maximum  delta- v available  to
still  remain  within  a  mission  orbit  control  box  const ra in t

1
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5. Up  to  three  (3)  additional  maneuve r  options  (based  on  the  mission’s  

delta- v buffer  values  provided  by  the  FDS)  per  const ra in t  window  
group  may  be  included  in  the  OPM

a. The  FDS  shall  provide  a  daily  text  repor t  for  each  mission  
containing  3  delta- v buffer  values  to  inform  the  creation  of  OPM  
maneuve r  options

6. There  are  occasions  when  there  are  no  maneuve r  options  found  for  a  
given  event.   This  is  a  conseque nc e  of  CRMS  employing  a  delta- v cap  
that  is  lower  than  the  required  mitigating  burn  size . In  these  cases,  
CRMS  will  deliver  an  OPM  that  contains  no  maneuver  options.    

a. For  these  cases  the  OPM  shall  contain  the  heade r  record  and  a  
par tial  data  record.  The  data  record  shall  contain  only  the  fields  
through  and  including  “Commen t  State  Covariance”.   It  shall  
contain  no  data  in  the  Com m e n t  and  Mane uv e r  Param e t e r s  
section  (See  Data  Record  and  Sample  Data  Record  – No  Options
below).

Each  unique  maneuve r  option  has  two  sections  as  dicta ted  by  the  CCSDS  
OPM  format:  a  comment  section  containing  metada t a  related  to  the  
maneuve r  option,  and  a  burn  definition  section  detailing  the  maneuver  
param e t e r s  thems elves .

A single  maneuve r  option  begins  with  the  maneuve r  plan  number  commen t  
line  and  ends  with  the  cross- track  delta- v param e t e r .  There  shall  be  exactly  
one  of  each  required  OPM  line  (defined  in  the  Data  Record  table  below)  and
up  to  one  of  each  optional  OPM  line  for  each  unique  maneuver  option.

Details  on  what  constitu t e s  valid  values  for  each  comment  and  maneuve r  
param e t e r  in  the  definition  can  be  found  in  the  Com m e n t  and  Mane uv e r  
Param e t e r s  area  in  the  Data  Record  section  below.   A sample  OPM  
maneuve r  option  definition  can  be  found  below  as  well  (See  Sample  Data  
Record).

Format

NOTE:
With  the  exception  of  the  commen t  statem e n t s  under  the  Maneuver  
Param e t e r s  section,  the  Heade r  Record  table  and  Data  Record  table  field  
name  descrip tions  below  were  taken  from  the  CCSDS  502.0- B-2  Orbit  Data  
Messages ,  Blue  Book,  11/2009.   Also  note  the  “Not  used”  descrip tion  is  
placed  beside  the  field  names  that  are  not  curren t ly  used  by  EMOS.  

Head er  Record
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Field  Nam e
Maxim u
m  Field
Width

Descript i o n

CCSDS_OPM_VE
RS

18

CCSDS_OPM_VERS = 2.0 .  Format  version  in  the  
form  of  ‘x.y’,  where  ‘y’ is  increm en t e d  for  
correc t ions  and  minor  changes ,  and  ‘x’ is  
increme n t e d  for  major  changes .

CREATION
_DATE

24 File  creation  date  and  time  in  UTC.

ORIGINATOR 24 Creating  agency  or  opera to r .

Sampl e  Head er  Record

CCSDS_OPM_VERS  =  2.0
CREATION_DATE  =  2018- 07- 06T15:54:47.428
ORIGINATOR  =  SPACENAV

Data  Record

Field  Nam e

Max
Field
Widt

h

Descript i o n

OBJECT_NAME 24
Spacec raf t  name  for  which  the  orbit  state  is  
provided.

OBJECT_ID 8
Object  identifier  of  the  object  for  which  the  orbit
state  is  provided.

CENTER_NAME 24

Origin  of  reference  frame,  which  may  be  a  
natu ral  solar  system  body  (plane t s,  asteroids,  
comets,  and  natu ra l  satellites),  including  any  
planet  barycen te r  or  the  solar  system  
barycen te r ,  or  another  spacecraf t .

REF_FRAME 18
Name  of  the  referenc e  frame  in  which  the  
ephem e r i s  data  are  given.

REF_FRAME_EPOCH 18
Epoch  of  referenc e  frame,  if not  intrinsic  to  the  
definition  of  the  reference  frame.

TIME_SYSTEM 8 Time  system  used  for  metada t a ,  ephem e r i s  data,
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and  covariance  data.  TIME_SYSTEM = UTC
COMMENT  State  
Vector

Not  used

COMMENT  
Spacec raf t  
Parame t e r s

Not  used

COMMENT  State  
Covariance

Not  used

Com m e n t  and  Mane uv er  Param e t e r s  (Repea t  for  each  maneuve r)
Parame t e r Re-

quire
d

Valu
e

Type

Valid
Values

Descript ion/N
otes

COMMENT  
Maneuve r_plan

Yes
Integ

er
1  through  n

COMMENT  
Constrain t_nam e

Yes
Strin

g

 Uncons t r a ine d
 Delta_V_Buffer_to_Cent

er
 Delta_V_Buffer_to_Cons

t_Lim
 Delta_V_Buffer_to_Sci_

Req

n/a

COMMENT  
Constrain t_file_nam e

Yes
Strin

g
 [filename]
 N/A

Filename  
typically  
corresponds  
to  FDS  delta- v
buffer  repor t  
produc t
(“Uncons t r a in
ed”  options  
shall  have  the
value  “N/A”)

COMMENT  
Constrain t_value

Yes
Strin

g

 0  – [x.xx]e- [xx]  
(positive)

 N/A

Based  on  the  
delta- v buffer  
value  
associa ted  
with  the  
Const rain t_na
me
(“Uncons t r a in
ed”  options  
shall  have  the
value  “N/A”)
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COMMENT  
Constrain t_window_ti
mes

No
Strin

g

[DD  Mmm  YYYY 
HH:MM:SS.ss s]  – [DD  
Mmm  YYYY 
HH:MM:SS.ss s]

Defines  the  
const ra in t  
window  span

COMMENT  
Constrain t_window_d
uration

Yes Float [x.xx]  (  0.40  hours)≥
Based  on  
Const rain t_wi
ndow_times

COMMENT  
TCA *_of_1 st _event_in_
man_plan

No
Strin

g
[DD  Mmm  YYYY 
HH:MM:SS.ss s]

COMMENT  
Trigger_even t_objec t
_name_ID

Yes
Strin

g
[Object  name]  [Object  
ID]

COMMENT  
Trigger_even t_TCA

Yes
Strin

g
[DD  Mmm  YYYY 
HH:MM:SS.ss s]

COMMENT  
Trigger_even t_P c ** Yes

Expo
nenti

al
[x.xx]e- [xx]  (positive)

COMMENT  
Resultan t_Aggre ga t e_
P c

No
Expo
nenti

al
[x.xx]e- [xx]  (positive)

MAN_EPOCH_IGNITI
ON

Yes
Strin

g
[YYYY-MM-
DD]T[HH:MM:SS]

Burn  time

MAN_DURATION
Yes

Integ
er

0

+ MAN_DELTA_MASS n/a n/a n/a Not  used.
MAN_REF_FRAME

Yes
Strin

g
RIC

MAN_DV_1

Yes
Integ

er
0

1 st  componen t
of  the  velocity
increme n t  
(km/s)

MAN_DV_2

Yes
Expo
nenti

al

[x.xxxx]e- [xx]  (positive,
non- zero)

2 nd  componen t
of  the  velocity
increme n t  
(km/s)

MAN_DV_3 Yes
Integ

er
0

3 rd  componen t
of  the  velocity
increme n t  
(km/s)

*TCA (Time  of  closest  approach)

**Pc  (Probabili ty  of  collision)
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+  MAN_DELTA_MASS  (Not  used  – omitted  from  data  file)

Sampl e  Data  Record  – All  Option s

OBJECT_NAME  =  TERRA
OBJECT_ID  =  25994
CENTER_NAME  =  EARTH
REF_FRAME  =  EME2000
TIME_SYSTEM  =  UTC

COMMENT  State  Vector
COMMENT  Epheme r i s_filenam e  
MEME_25994_te r r a_10300 0 0_SPEC_Ter r a- 2019103- NOBURN-
S00_unclassified. txt
EPOCH  =  2018- 07- 07T00:00:00.000
X =  1979.2259  [km]
Y =  -904.3928  [km]
Z =  6729.81  [km]
X_DOT  =  4.2796  [km/s]
Y_DOT =  -5.8205  [km/s]
Z_DOT  =  -2.0347  [km/s]

COMMENT  Spacec raf t  Parame te r s
COMMENT  Force_model_file  Databas e
MASS  =  4456.2202  [kg]
SOLAR_RAD_AREA  =  54.5  [m**2]
SOLAR_RAD_COEFF  =  1.5
DRAG_AREA  =  40.5  [m**2]
DRAG_COEFF  =  2.2

COMMENT  State  Covariance
CX_X =  9.2797e- 05  [km**2]
CY_X =  -0.00011296  [km**2]
CY_Y =  0.00016373  [km**2]
CZ_X =  -4.3604e- 05  [km**2]
CZ_Y =  5.7461e- 05  [km**2]
CZ_Z  =  2.4334e- 05  [km**2]
CX_DOT_X =  -4.3941e- 08  [km**2/s]
CX_DOT_Y =  6.0191e- 08  [km**2/s]
CX_DOT_Z  =  2.0223e- 08  [km**2/s]
CX_DOT_X_DOT  =  2.9996e- 11  [km**2/s**2]
CY_DOT_X =  2.0674e- 08  [km**2/s]
CY_DOT_Y =  -2.6855e- 08  [km**2/s]
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CY_DOT_Z  =  -7.7331e- 09  [km**2/s]
CY_DOT_X_DOT  =  -6.2854e- 12  [km**2/s**2]
CY_DOT_Y_DOT  =  1.0574e- 11  [km**2/s**2]
CZ_DOT_X =  -1.5133e- 07  [km**2/s]
CZ_DOT_Y =  2.0565e- 07  [km**2/s]
CZ_DOT_Z  =  7.644e- 08  [km**2/s]
CZ_DOT_X_DOT  =  7.5847e- 11  [km**2/s**2]
CZ_DOT_Y_DOT  =  -3.5192e- 11  [km**2/s**2]
CZ_DOT_Z_DOT  =  2.6816e- 10  [km**2/s**2]

COMMENT  Maneuver_plan  1
COMMENT  Constra in t_na m e  Uncons t r aine d
COMMENT  Constra in t_file_name  N/A
COMMENT  Constra in t_value  N/A
COMMENT  Constra in t_window_times  08  Jul  2018  07:45:26.591  - 09  Jul  
2018  07:45:26.591
COMMENT  Constra in t_window_dura t ion  24.00  [hrs]
COMMENT  TCA_of_1st_even t_in_man_plan  08  Jul  2018  08:40:14.607
COMMENT  Trigger_even t_object_na m e_ID  WORLDVIEW  2  DEB  41738
COMMENT  Trigger_even t_TCA  09  Jul  2018  07:45:26.591
COMMENT  Trigger_even t_Pc  2.40e- 05
COMMENT  Resultan t_Aggreg a t e_Pc  9.77e- 08
MAN_EPOCH_IGNITION  =  2018- 07- 09T06:56:29
MAN_DURATION  =  0
MAN_REF_FRAME  =  RIC
MAN_DV_1  =  0  [km/s]
MAN_DV_2  =  9.0591e- 05  [km/s]
MAN_DV_3  =  0  [km/s]

COMMENT  Maneuver_plan  2
COMMENT  Constra in t_na m e  Delta_V_Buffer_to_Cente r
COMMENT  Constra in t_file_name  AM_DELVBUF1_188_2018_01. re po r t
COMMENT  Constra in t_value  0  - 2.02e- 05  [km/s]
COMMENT  Constra in t_window_times  08  Jul  2018  07:45:26.591  - 09  Jul  
2018  07:45:26.591
COMMENT  Constra in t_window_dura t ion  24.00  [hrs]
COMMENT  TCA_of_1st_even t_in_man_plan  08  Jul  2018  08:40:14.607
COMMENT  Trigger_even t_object_na m e_ID  WORLDVIEW  2  DEB  41738
COMMENT  Trigger_even t_TCA  09  Jul  2018  07:45:26.591
COMMENT  Trigger_even t_Pc  2.40e- 05
COMMENT  Resultan t_Aggreg a t e_Pc  2.34e- 05
MAN_EPOCH_IGNITION  =  2018- 07- 09T07:45:21
MAN_DURATION  =  0
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MAN_REF_FRAME  =  RIC
MAN_DV_1  =  0  [km/s]
MAN_DV_2  =  1.4391e- 05  [km/s]
MAN_DV_3  =  0  [km/s]

COMMENT  Maneuver_plan  3
COMMENT  Constra in t_na m e  Delta_V_Buffer_to_Cons t_Lim
COMMENT  Constra in t_file_name  AM_DELVBUF1_188_2018_01. re po r t
COMMENT  Constra in t_value  0  - 3.13e- 05  [km/s]
COMMENT  Constra in t_window_times  08  Jul  2018  07:45:26.591  - 09  Jul  
2018  07:45:26.591
COMMENT  Constra in t_window_dura t ion  24.00  [hrs]
COMMENT  TCA_of_1st_even t_in_man_plan  08  Jul  2018  08:40:14.607
COMMENT  Trigger_even t_object_na m e_ID  WORLDVIEW  2  DEB  41738
COMMENT  Trigger_even t_TCA  09  Jul  2018  07:45:26.591
COMMENT  Trigger_even t_Pc  2.40e- 05
COMMENT  Resultan t_Aggreg a t e_Pc  2.35e- 05
MAN_EPOCH_IGNITION  =  2018- 07- 09T07:44:26
MAN_DURATION  =  0
MAN_REF_FRAME  =  RIC
MAN_DV_1  =  0  [km/s]
MAN_DV_2  =  5.1181e- 06  [km/s]
MAN_DV_3  =  0  [km/s]

COMMENT  Maneuver_plan  4
COMMENT  Constra in t_na m e  Delta_V_Buffer_to_Sci_Req
COMMENT  Constra in t_file_name  AM_DELVBUF1_188_2018_01. re po r t
COMMENT  Constra in t_value  0  - 3.98e- 05  [km/s]
COMMENT  Constra in t_window_times  08  Jul  2018  07:45:26.591  - 09  Jul  
2018  07:45:26.591
COMMENT  Constra in t_window_dura t ion  24.00  [hrs]
COMMENT  TCA_of_1st_even t_in_man_plan  08  Jul  2018  08:40:14.607
COMMENT  Trigger_even t_object_na m e_ID  WORLDVIEW  2  DEB  41738
COMMENT  Trigger_even t_TCA  09  Jul  2018  07:45:26.591
COMMENT  Trigger_even t_Pc  2.40e- 05
COMMENT  Resultan t_Aggreg a t e_Pc  2.35e- 05
MAN_EPOCH_IGNITION  =  2018- 07- 09T07:45:26
MAN_DURATION  =  0
MAN_REF_FRAME  =  RIC
MAN_DV_1  =  0  [km/s]
MAN_DV_2  =  3e- 05  [km/s]
MAN_DV_3  =  0  [km/s]
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COMMENT  Maneuver_plan  5
COMMENT  Constra in t_na m e  Uncons t r aine d
COMMENT  Constra in t_file_name  N/A
COMMENT  Constra in t_value  N/A
COMMENT  Constra in t_window_times  09  Jul  2018  03:38:32.386  - 09  Jul  
2018  07:45:26.591
COMMENT  Constra in t_window_dura t ion  4.12  [hrs]
COMMENT  TCA_of_1st_even t_in_man_plan  08  Jul  2018  08:40:14.607
COMMENT  Trigger_even t_object_na m e_ID  WORLDVIEW  2  DEB  41738
COMMENT  Trigger_even t_TCA  09  Jul  2018  07:45:26.591
COMMENT  Trigger_even t_Pc  2.40e- 05
COMMENT  Resultan t_Aggreg a t e_Pc  9.77e- 08
MAN_EPOCH_IGNITION  =  2018- 07- 09T06:56:29
MAN_DURATION  =  0
MAN_REF_FRAME  =  RIC
MAN_DV_1  =  0  [km/s]
MAN_DV_2  =  9.0591e- 05  [km/s]
MAN_DV_3  =  0  [km/s]

COMMENT  Maneuver_plan  6
COMMENT  Constra in t_na m e  Delta_V_Buffer_to_Cente r
COMMENT  Constra in t_file_name  AM_DELVBUF1_188_2018_01. re po r t
COMMENT  Constra in t_value  0  - 2.02e- 05  [km/s]
COMMENT  Constra in t_window_times  09  Jul  2018  03:38:32.386  - 09  Jul  
2018  07:45:26.591
COMMENT  Constra in t_window_dura t ion  4.12  [hrs]
COMMENT  TCA_of_1st_even t_in_man_plan  08  Jul  2018  08:40:14.607
COMMENT  Trigger_even t_object_na m e_ID  WORLDVIEW  2  DEB  41738
COMMENT  Trigger_even t_TCA  09  Jul  2018  07:45:26.591
COMMENT  Trigger_even t_Pc  2.40e- 05
COMMENT  Resultan t_Aggreg a t e_Pc  2.34e- 05
MAN_EPOCH_IGNITION  =  2018- 07- 09T07:45:21
MAN_DURATION  =  0
MAN_REF_FRAME  =  RIC
MAN_DV_1  =  0  [km/s]
MAN_DV_2  =  1.4391e- 05  [km/s]
MAN_DV_3  =  0  [km/s]

COMMENT  Maneuver_plan  7
COMMENT  Constra in t_na m e  Delta_V_Buffer_to_Cons t_Lim
COMMENT  Constra in t_file_name  AM_DELVBUF1_188_2018_01. re po r t
COMMENT  Constra in t_value  0  - 3.13e- 05  [km/s]
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COMMENT  Constra in t_window_times  09  Jul  2018  03:38:32.386  - 09  Jul  
2018  07:45:26.591
COMMENT  Constra in t_window_dura t ion  4.12  [hrs]
COMMENT  TCA_of_1st_even t_in_man_plan  08  Jul  2018  08:40:14.607
COMMENT  Trigger_even t_object_na m e_ID  WORLDVIEW  2  DEB  41738
COMMENT  Trigger_even t_TCA  09  Jul  2018  07:45:26.591
COMMENT  Trigger_even t_Pc  2.40e- 05
COMMENT  Resultan t_Aggreg a t e_Pc  2.35e- 05
MAN_EPOCH_IGNITION  =  2018- 07- 09T07:44:26
MAN_DURATION  =  0
MAN_REF_FRAME  =  RIC
MAN_DV_1  =  0  [km/s]
MAN_DV_2  =  5.1181e- 06  [km/s]
MAN_DV_3  =  0  [km/s]

COMMENT  Maneuver_plan  8
COMMENT  Constra in t_na m e  Delta_V_Buffer_to_Sci_Req
COMMENT  Constra in t_file_name  AM_DELVBUF1_188_2018_01. re po r t
COMMENT  Constra in t_value  0  - 3.98e- 05  [km/s]
COMMENT  Constra in t_window_times  09  Jul  2018  03:38:32.386  - 09  Jul  
2018  07:45:26.591
COMMENT  Constra in t_window_dura t ion  4.12  [hrs]
COMMENT  TCA_of_1st_even t_in_man_plan  08  Jul  2018  08:40:14.607
COMMENT  Trigger_even t_object_na m e_ID  WORLDVIEW  2  DEB  41738
COMMENT  Trigger_even t_TCA  09  Jul  2018  07:45:26.591
COMMENT  Trigger_even t_Pc  2.40e- 05
COMMENT  Resultan t_Aggreg a t e_Pc  2.35e- 05
MAN_EPOCH_IGNITION  =  2018- 07- 09T07:45:26
MAN_DURATION  =  0
MAN_REF_FRAME  =  RIC
MAN_DV_1  =  0  [km/s]
MAN_DV_2  =  3e- 05  [km/s]
MAN_DV_3  =  0  [km/s]

Note:  Under  rare  circums t an c e s  it  is  possible  for  the  MAN_DV_2  (in- track  
delta- v)  value  for  a  lower  delta- v buffer  option  to  be  slightly  larger  than  the  
MAN_DV_2  for  a  higher  delta- v buffer  option.  This  can  occur  in  cases  where
the  Probabili ty  of  Collision  (Pc)  values  at  the  maximum  bounda ry  of  the  
delta- v buffers  are  increasing  in  size,  and  is  due  to  the  converge nc e  
tolerance  process  the  CRMS  software  utilizes  for  maneuve r  option  seed  
selection.

Sampl e  Data  Record  – No  Option s
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OBJECT_NAME  =  TERRA
OBJECT_ID  =  25994
CENTER_NAME  =  EARTH
REF_FRAME  =  EME2000
TIME_SYSTEM  =  UTC

COMMENT  State  Vector
COMMENT  Epheme r i s_filenam e  

MEME_25994_te r r a_10300 0 0_SPEC_Ter r a- 2019103- NOBURN-
S00_unclassified. txt
EPOCH  =  2018- 07- 07T00:00:00.000
X =  1979.2259  [km]
Y =  -904.3928  [km]
Z =  6729.81  [km]
X_DOT  =  4.2796  [km/s]
Y_DOT =  -5.8205  [km/s]
Z_DOT  =  -2.0347  [km/s]

COMMENT  Spacec raf t  Parame te r s
COMMENT  Force_model_file  Databas e
MASS  =  4456.2202  [kg]
SOLAR_RAD_AREA  =  54.5  [m**2]
SOLAR_RAD_COEFF  =  1.5
DRAG_AREA  =  40.5  [m**2]
DRAG_COEFF  =  2.2

COMMENT  State  Covariance
CX_X =  9.2797e- 05  [km**2]
CY_X =  -0.00011296  [km**2]
CY_Y =  0.00016373  [km**2]
CZ_X =  -4.3604e- 05  [km**2]
CZ_Y =  5.7461e- 05  [km**2]
CZ_Z  =  2.4334e- 05  [km**2]
CX_DOT_X =  -4.3941e- 08  [km**2/s]
CX_DOT_Y =  6.0191e- 08  [km**2/s]
CX_DOT_Z  =  2.0223e- 08  [km**2/s]
CX_DOT_X_DOT  =  2.9996e- 11  [km**2/s**2]
CY_DOT_X =  2.0674e- 08  [km**2/s]
CY_DOT_Y =  -2.6855e- 08  [km**2/s]
CY_DOT_Z  =  -7.7331e- 09  [km**2/s]
CY_DOT_X_DOT  =  -6.2854e- 12  [km**2/s**2]
CY_DOT_Y_DOT  =  1.0574e- 11  [km**2/s**2]
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CZ_DOT_X =  -1.5133e- 07  [km**2/s]
CZ_DOT_Y =  2.0565e- 07  [km**2/s]
CZ_DOT_Z  =  7.644e- 08  [km**2/s]
CZ_DOT_X_DOT  =  7.5847e- 11  [km**2/s**2]
CZ_DOT_Y_DOT  =  -3.5192e- 11  [km**2/s**2]
CZ_DOT_Z_DOT  =  2.6816e- 10  [km**2/s**2]

Delivery

This  produc t  will  be  delivered  during  all  phases  of  the  mission.

Accuracy

The  accuracy  of  this  produc t  is  the  best  available.

End  Users

This  produc t  is  needed  by  Terra , FOT,  FDS  and  spacecr af t  enginee r s .
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App e n d ix  A       Operat io n s  Conc e p t s

This  appendix  contains  the  high  level  opera tions  concep ts  as  agreed  to  by
all  affected  signing  parties.

A.1 EOS  Operat io n s  Center  (EOC)

A.1.1 FDS  Worksta t ions  in  EOC

a. Utilize  primary  and  backup  FDS  SUN/Sola ris  workst a t ions  for  TGSS  
suppor t .

b. Utilize  primary  and  backup  FDS  PC  worksta t ions  for  the  following:  
1. Maneuve r  suppor t
2. Predic ted  orbit  genera t ion

c. Both  workst a t ions  are  dedicate d  to  EOS  Terra  opera t ions .   Future  
EOS  mission  developme n t  work  is  rest ric ted  during  the  opera t ional  
phase.

d. The  prime  FDS  worksta t ions  is  connected  to  a  separa t e  LAN  from  the  
backup  worksta t ions .  

e. After  the  early  mission,  maintena n c e  of  the  FDS  worksta t ions  is  
assum ed  by  the  ESMO  Project .

f. All non- real- time  produc t s  transfe r r e d  (via  SFTP)  to  and  from  the  FDS
is  handled  via  the  FDS  produc t  workst a t ions .  All real- time  informat ion
is  handled  via  an  Eclipse  stream  to  the  FDS  Windows  worksta t ions .

A.1.2 EOC  Worksta tion  for  FDS  Opera to r s  

a. ESMO  will  provide  an  EOC  FDS  Worksta t ion  for  use  by  FDS
opera to r s :

1. Used  to  get  real- time  displays
2. Is  dedicated  for  use  by  FDS  opera to r s  when  access  to  real- time

displays  is  needed  in  the  control  cente r
3. In  the  event  that  this  worksta t ion  fails,  anothe r  worksta t ion  is

provided  as  close  as  possible  to  the  prime  FDS  worksta t ions .

A.1.3 FDAB  Personnel  in  EOC

a. All FDAB  mission  analysts  were  in  the  EOC  during  the  early  mission.

b. Other  FDAB  contrac to r s  can  access  FDS  worksta t ions  in  the  EOC  via
the  EBnet  remote  interface .

1



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
c. Suppor t  for  atti tude  and  orbit  in  EOC  was  24  hours  a  day  until

checkout  was  complete .

A.1.4 FDS  Training

a. The  FDS  Team  in  the  EOC  are  trained  to  opera t e  the  FDS  software .

b. FDT  will  continue  to  do  calibra t ion,  analysis,  and  anomaly
investigat ion  throughou t  the  mission,  and  with  suppor t  from  FDAB,  as
negotia t ed .

c. FDT  will  be  on  call  at  all  times  during  normal  working  hours  to  assist  
in  problem  investiga t ion.

A.2          Data  Transfer  to  FDS

The  data  transfe r  interface  is  described  in  Appendices  B and  G for  real- time  
telemet ry  and  carryout  files,  respec t ively.

A.3 FDS  Generat e d  Produ ct s

A.3.1 Real- Time  Attitude  Determina tion  System  (RTADS)

a. Is  a  stand- alone  system  executing  on  the  FDS  Windows  Worksta t ions  
and  available  to  the  EOC.

b. RTADS  can  genera t e  a  tabular  display  of  data.
c. FDAB  and/or  FDS  provides  training  to  the  FDS  FOT  on  how  to  run  

RTADS.  
d. RTADS  needs  an  ephem e r is  to  execute .
e. FDAB  is  responsible  for  maintaining  RTADS.

A.3.2 Planning  Aids

a. All planning  aids  to  be  genera t e d  on  the  FDS  Windows  Worksta tions  
in  the  EOC.

b. FDAB  provided  training  to  the  FDS  FOT  on  how  to  genera t e  the  
planning  aids.

c. After  early  mission  suppor t ,  the  FDS  FOT  is  responsible  for  
genera t ion  of  planning  aids.

d. External  data  for  planning  aids  (if any)  are  from  non- real- time  
telemet ry  source  (standing  order  reques t s  genera t e d  by  FOT).
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e. All planning  aids  are  transfe r r e d  from  the  Windows  Worksta t ions  

workst a t ion  to  the  EOC  via  SFTP.
f. A naming  convention  (such  as  date  and  time  in  file  name)  is  

impleme n te d  to  distinguish  same  produc t s  for  differen t  timespans  and
days.

g. Since  the  FDS  FOT  is  responsible  for  genera t ing  these  produc ts  after
early  mission  there  is  no  need  for  a  notification  process  for  planning
aid  deliveries.

a. FDS  FOT  to  use  an  archiving  procedu r e  after  the  transfe r  of  files  to  
ensure  disk  volume  will  not  be  exceeded .

b. Format s  for  planning  aids  are  format t ed  data  files  as  shown  in  this  
ICD.

c. NASA  Code  580  is  responsible  for  maintaining  any  FDAB-unique  
software .

d. Update s  to  new  versions  of  COTS  product s ,  if needed,  (such  as  STK)  
are  the  responsibili ty  of  ESMO  to  dete rmine  the  need  for  and  to  work  
details.   FDAB  will  provide  contact  names  for  negotia ting  suppor t .   
Any  Code  580- written  code  will  need  to  be  coordina t ed  with  and  
updated  by  Code  580,  if needed,  in  conjunction  with  COTS  upda te .   
Normal  mission  COTS  upda te s  are  only  anticipa t ed  when  new  EOS  
missions  are  added  or  when  the  manufactu r e r  no  longer  suppor t s  the  
curren t  version  residen t  on  the  FDS.

e. FDAB  will  provide  necess a ry  docume n t a t ion  (e.g.,  users’  guides).

A.3.3 Calibra tion  of  Attitude  Sensors

a. FDAB  is  responsible  for  all  calibra t ion  activities  during  the  early
mission.

b. Calibra tion  functions  execute  on  the  FDS  Windows  Worksta t ions  in
the  EOC.

c. FDAB  provided  the  FDS  FOT  training  on  the  Attitude  Sensor
Calibra tion  software  residen t  on  the  FDS  worksta t ions .

d. Output  produc ts  and  repor ts  are  delivered  to  the  EOC.

e. FDT  to  deliver  atti tude  maneuve r  plans  to  the  FOT  for  approval.

f. Data  needed  for  calibra t ion  are  via  standing  order  reques t s  genera t e d
by  the  FDS  FOT.

A.3.4 Maneuve r  Planning  and  Suppor t
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a. FDT  is  responsible  for  planning  all  orbit  raising  and  inclination  adjust

maneuve r s  during  the  early  mission

b. FDT  provides  the  FDS  FOT  training  on  the  routine  orbit  raising
maneuve r  planning  software  residen t  on  the  FDS  PC  worksta t ions  in
the  EOC.

c. FDT  is  available  during  normal  working  hours  for  orbit  maneuve r
planning  consulta t ion.

d. FDT  is  responsible  for  planning  all  calibra t ion  related  maneuve r s
throughou t  the  mission  in  conjunction  with  FDS  FOT

e. FDS  delivers  maneuve r  plans  to  the  FOT  for  approval  according  to
ICD  delivery  schedule

A.3.5 TONS  Ground  Suppor t  System  (TGSS)

a. The  TGSS  software  opera t es  on  the  FDS  SUN/Sola ris  workst a t ions  in
the  EOC.

b. FDAB  provided  training  to  the  FDS  FOT  in  executing  the  TGSS  and
genera t ing  repor t s .

c. The  FDT  opera t es  the  TGSS  in  the  EOC.

d. The  TDRSS  ephem e r ides  is  provided  by  FDS.

A.3.6 Data  Archiving

a. FDT  personnel  are  responsible  for  offloading  archived  datase t s  from  
the  FDS  worksta t ions  so  as  not  to  accumula t e  datase t s  and  exceed  the
storage  capacity.
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App e n d ix  A       EMOS  Real- Time  Tele m e try
Interfac e

B.1 Desi g n  and  Data  Flow  Overview

This  section  docume n t s  the  real- time  interface  between  EMOS  and  FDS.   
The  EMOS  interface  is  implemen t e d  using  Eclipse.   

Eclipse  will  have  the  following  featu re s :

a. Eclipse  is  able  to  send  FDS  at  least  300  mnemonics  without  
significant  perform anc e  impact .

b. Eclipse  is  able  to  suppor t  multiple  connec tions ,  but  only  one  
connec tion  per  process.

c. Eclipse  to  provide  the  actual  mnemonic  time  (time  of  the  data  within  
the  packet)  for  each  mnemonic,  not  the  packet  time.

d. Eclipse  to  provide  times  in  UTC  and  will  specify  whethe r  the  time  is  
absolute  or  relative  to  a  specified  epoch.

e. Eclipse  to  accept  reques t s  for  mnemonics  by  name  (as  well  as  by  
numbe r).

f. Eclipse  to  accept  reques t s  for  both  raw  and  conver t ed  (enginee ring  
units)  mnemonic  values.

g. Eclipse  to  provide  a  method  of  get ting  all  real  number s  in  IEEE  
floating  point  format.

h. Eclipse  to  provide  the  capability  to  use  callback  functions  (mnemonic  
updated  to  user  only  when  value  changes)  as  well  as  reques t  functions
(mnemonic  sampled  at  user- defined  frequency,  regardles s  of  update  
status,  may  be  sampled  when  unchang e d) .

In  addition,  EMOS  personnel  to  provide  the  following:

a. Eclipse  libraries  to  FDS  that  are  suitable  for  a  PC  platform  in  either  C,
C+ +,  or  Java.

b. Documen t a t ion  that  specifies  all  applicable  function  calls.
c. A technical  point  of  contac t  for  flight  dynamics  personnel  to  ask  

questions  about  Eclipse.
d. Any  commercial  off  the  shelf  (COTS)  licenses  necessa ry  (e.g.  

PVWave).

1



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

App e n d ix  A       File  Nami n g  Conve nt i o n

C.1 File s  from  FDS  to  EMOS

Files  delivered  by  the  FDS  to  the  EMOS  follow  the  following  convention
with  field  names  delimited  by  underscor e s :   

AM1_<filena m e > N_d d d_yyyy_vv.FDD,

where

<filenam e >  =  the  string  given  in  the  table  below  for  each  of  the  produc ts .

N  =  1  or  7,  used  to  distinguish  the  type  of  product :
 1  for  1  week  product  (delivered  daily)
 7  for  7  week  product  (delivered  weekly)

For  other  produc ts  which  are  neither  1-week  nor  7-week  produc ts ,  the  value
1  is  used  as  the  default .   

ddd  =  the  3-digit  day  of  year  corresponding  to  the  star t  time  of  the  file  (not
the  creat ion  date  of  the  file).

yyyy  =  the  year  corresponding  to  the  star t  year  of  the  file  (not  the  creation  
year  of  the  file).

vv =  a  two  digit  version  number  indicato r .   Version  is  01  unless  a  produc t  
must  be  presen t .

Product  3.92  was  reques t e d  by  the  FOT  for  automat ion.  It  is  also  delivered  
to  EMOS  (MMS)  but  has  the  following  non- standa r d  naming  convention:

Terra_CHECKLIST_  ddd  _yyyy_hhmmss .pdf

Where  

ddd  =  the  3-digit  day  of  year  corresponding  to  the  creation  date  of  the  file.

yyyy  =  the  year  corresponding  to  the  crea tion  date  of  the  file.

1
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Hhmms s  =  the  hours,  minutes ,  and  seconds  of  the  creation  time  of  the  file  

The  extension  is  .pdf

There  is  nominally  only  one  delivery.  If produc ts  are  genera t e d  in  the  
morning  and  an  RMM  is  executed ,  a  new  checklis t  may  be  genera t e d  and  
delivered  if new  produc ts  are  genera t e d .
The  delivery  locations  is  /mms/ < sys t e m > / a m 1/ ex t e r n a l /fdf/

Where   <syste m >  is  ops1,  ops2,  or  sup1
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FDS Product <filename> ICD Section

FSS  Transform a t ion  Table FSSTRANS 3.3.3.1
FSS  Calibra t ion  Table FSSCALIB 3.3.3.2
SSST  Transform a t ion  Table SSSTTRANS 3.3.3.3
SSST  Parame t e r s  Table SSSTPARAM 3.3.3.4
IRU  Transform a t ion  Table IRUTRANS 3.3.3.5
IRU  Scaling  Table IRUSCAL 3.3.3.6
IRU  Biases  Table IRUBIASES 3.3.3.7
Attitude  Slew  Table ATTSLEW 3.4
EOS  Mission  Star  Catalog STARCATALOG 3.5
Star  Density  Profile STAR1DENPROF

STAR2DENPROF
3.6

SSST  Star  Interfe r enc e STAR1INTERFE
R
STAR2INTERFE
R

3.7

ESA  Sun/Moon  Interfe r enc e ESAINTERFER 3.8
FSS  Visibility  Predic t FSSVISPREDICT 3.9
TDRS  State  Vectors TDRS1STATE,

TDRS2STATE,
TDRS3STATE,
TDRS4STATE

3.11

EOS  Brouwer- Lyddane  Element s EOSBLELEM 3.12
TDRS  Brouwer- Lyddane  Elements TDRS1BLELEM,

TDRS2BLELEM,
TDRS3BLELEM,
TDRS4BLELEM

3.13

Simulated  Terra  Spacecraf t  SIMSCEPHM 3.15
Filter  Tuning  Param e t e r s TUNINGPARAM 3.16
Nadir  OMNI- to- TDRS  Viewing  OMNINTDRS 3.17
HGA-to- TDRS  Line  of  Sight  HGATDRS 3.18
OMNI- to- Ground  Station  Viewing  OMNIGRND 3.19
HGA  Gimbal  Angles HGAGIMBAL 3.20
Predic ted  EOS- Terra  Ephem er i s EOSEPHM 3.21
Predic ted  TDRS  Epheme r i s TDRS1EPHM

TDRS2EPHM
TDRS3EPHM
TDRS4EPHM

3.22

Orbit  Adjust  Maneuver  Reques t ORBITMANREQ 3.24
Delta- V Param e t e r s  Table DELTAVPARM 3.25
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Mass  and  Cente r  of  Mass  Location  MASSLOCATION 3.26
Predic ted  EOS- Terra  Ranging  Data  FDFRANGE 3.27

FDS Product <filename> ICD Section

Attitude  Predictions ATTITUDE 3.28
Predic ted  Orbital  Events ORBEVENT 3.29
Planned  Orbit  Maneuver  Datase t MNVRTIME 3.30
Solar/Luna r  Azimuth  and  Elevation  
Angle

CERSUNAZEL
CERMOONAZEL
MODSUNAZEL
MODMOONAZEL

3.31

Solar  Beta  Angles SOLBETA 3.32
Predic ted  Local  Sun  Time LOCALSUN 3.33
Lunar  Beta  Angles LUNBETA 3.34
MODIS  Sun  and  Moon  FOV  Events MODSUNMN FOV 3.35
MODIS  Planet s/S t a r s  FOV  Events PLSTFOVEVNT 3.36
Predic ted  Sub- Satellite  Point  GRNDTRCK 3.37
Predic ted  Spacec raf t  Altitude ALTITUDE 3.38
Predic ted  Spacec raf t  Day/Night  DAYNIGHT 3.39
Terra  State  Error  Covariance  STATEERRCOV 3.40
Local  Oscillator  Freque ncy  Repor t OSCFREQREP 3.48
X-band  Interfe re nc e  Times XBANDDSN 3.50
Predic ted  Orbit  Number  and  Star t  ORBITNUM 3.53
UTC  to  UT1  Timing  Difference TIMINGDIFF 3.54
Predic ted  Instrum e n t  Orbit  Events INSTORBEVENT 3.55
Predic ted  EOS  Terra  State  Vector EOSSTATEVECT 3.56
Simulated  TDRS  State  Vectors SIMTDRS1STAVE

C,
SIMTDRS2STAVE
C,
SIMTDRS3STAVE
C,
SIMTDRS4STAVE
C

3.57

Simulated  EOS  Terra  Brouwer-
Lyddane  Element s

SIMEOSBLELEM 3.58

Simulated  TDRS  Brouwer- Lyddane  
Element s

SIMTDRS1BLELE
M,
SIMTDRS2BLELE
M,
SIMTDRS3BLELE

3.59
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M,
SIMTDRS4BLELE
M,

Simulated  EOS  Terra  State  Vectors SIMSTAVEC 3.60
Ground  Station  Contact  Times GRNDCONTACT 3.61
MODIS  FOV  Target  View  Period MODISFOV 3.62
Earth  Gravity   Model  Spherical  
Harmonic  Coefficient

HARMONICCOEF
F

3.63

Earth  Gravity   Model  Degree  
Variance

DEGREEVAR 3.64

FDS Product <filename> ICD Section

Harris- Pries te r  Atm.  Density  Model
Data

MAXDENSMODEL
MINDENSMODEL

3.65

Solar  Ephem e r is  Modification  Data SOLEPHMMOD 3.66
EOS  Terra  Modeling  Data EOSMODELING 3.67
TDRS  Modeling  Data  TDRSMODELING 3.68
Ground  Antenna  Modeling  Data GRNDANT1MODE

L,
GRNDANT2MODE
L,
GRNDANT3MODE
L,
GRNDANT4MODE
L,

3.69

State  Tolerance  Data STATETOLER 3.70
Doppler  Measure m e n t  Tolerance  
Data

MEASTOLER 3.71

Covariance  Tolerance  Data COVTOLER 3.72
Naviga tion  Time  Step  Data NAVTIMESTEP 3.73
Phys.  and  Math.  Constan t s PHYSCONST 3.74

Atmosphe ric  Drag  Data ATMOSDRAG 3.77
TDRS  Measure m e n t  Bias  Data TDRSMEASBIAS 3.78
Simulated  UTC  to  UT1  Timing  
Difference

SIMTIMINGDIFF 3.79

Naviga tion  Thruste r  Table NAVTHRUSTER 3.80
HGA  to  TDRSS  S-Band  Viewing  
Times

HGASTDRS 3.81
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HGA  to  TDRSS  TONS- Based   
Viewing  Times

HGATTDRS 3.82

Zenith  OMNI- to- TDRS  Viewing  OMNIZTDRS 3.83
TAM  FDIR  Predic t  Table TAMPREDICTS 3.84
Thruste r  Control  Parame t e r s  Table THRUSTERPARM 3.85
CERES  FOV  Moon  Intrusion  Times CERMOONENTRY 3.86
TDRS  Minimum  Ray  Path  Height MINRAYPATH 3.87
FDS  Checklis t CHECKLIST 3.92
Inclination  (Yaw)  Data INCDATA 3.93
Sensor  Calibra t ion  Trend  Report SENCALTRDREP 7.1
Onboard  Navigation  EVAL./Quality  
Assurance

NAVEVALQUAL 7.2

EOS- Terra  Post  Maneuve r  Report POSTMANREP 7.3
SCC  Attitude  Determina t ion  
Validation

SCCATTVALID 7.4

EOS- Terra  Pre- Maneuve r  repor t PREMANEUV 7.5
Solar  Eclipse  Shadow  Prediction  
Report

ECLSHADOW 7.6

Star  Catalog  Update  Report STCATUPDRPT 7.7

C.2 Files  from  EMOS  to  FDS

Report s  delivered  by  the  EMOS  to  the  FDS  have  the  following  names:

 “TDRSMAP.RPT”  for  TDRS  Naming  Convention  Map  (Section  4.12)

Carryout  files  delivered  by  the  EMOS  to  the  FDS  follow  the  following
convention  with  field  names  delimited  by  undersco re s :   

AM1_<filena m e > _ h h m m s s_ddd_yyyy_HHMMS S_DDD_YYYY_vv.EMOS,

where

<filenam e >  =  one  of  the  following  four  charac t e r  strings:

a. “ATTITUDECO”  for  atti tude  telemet ry
b. “MANEUVERCO”  for  propulsion  telemet ry
c. “ORBITCO”  for  TONS  telemet ry
d. “TONSSTATECO”  for  TONS  state  vectors
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hhmmss_ddd_yyyy  =  the  hours:minu te s : second s ,  day  of  year,  and  the  year
corresponding  to  the  star t  time  of  the  file  (not  the  creation  time  of  the  file)

HHMMSS_DDD_YYYY =  the  hours:minu te s : secon ds ,  day  of  year,  and  the
year  correspon ding  to  the  end  time  of  the  file  (the  last  data  point  in  the  file).

vv =  a  two  digit  version  number  indicato r .   Version  is  01  unless  a  produc t  
must  be  resen t .

The  TONS  State  with  Covarian c e  Data  File  is  delivered  to  FDS  from  the  
FOT.  The  file  is  in  the  form  of  an  ASCII  format t ed  comma  separa t e d  repor t .  
This  file  has  the  following  convention  with  field  names  delimited  by  
underscor e s :

DyP_AM1_TONSTATECOVAR_YYYYDOY_hhmmss_YYYYDOY_hhmmss_vvv.cs
v

where

The  first  set  of  YYYYDOY_hhmmss  is  the  year,  day  of  year,  hour,  minute ,  
and  second  at  the  star t  of  the  file,  

and  

The  second  set  is  the  year,  day  of  year,  hour,  minute,  and  second  at  the  end  
of  the  file.

C.3 Files  from  FDS  to  DAACs

Files  delivered  by  the  FDS  to  the  DAACs  follow  the  following  convention  
with  field  names  delimited  by  underscor e s :   

AM1_<filena m e > _ h h m m s s_ddd_yyyy_vv.FDD,

where

<filenam e >  =  the  string  given  in  the  table  below  for  each  of  the  produc ts :

a. DEFATT  for  definitive  attitude  files
b. DEFORB  for  definitive  orbit  files

hhmmss  =  the  hours:minu te s : seconds  corresponding  to  the  star t  time  of  the
file  (not  the  crea tion  time  of  the  file)  

ddd  =  the  3-digit  day  of  year  corresponding  to  the  star t  day  of  the  file  (not  
the  creat ion  date  of  the  file).
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Yyyy =  the  star t  year  of  the  file  (not  the  creation  year  of  the  file).

Vv =  a  two  digit  version  number  indicator .   Version  is  01  unless  a  produc t  
must  be  resen t .
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C.4          Files  from  CRMS  to  FDS

The  Orbit  Param e t e r  Mes s a g e  (OPM)  Man e u v er  File  genera t e d  by  
CRMS  and  delivered  to  FDS  has  the  following  naming  convention:

<sa t_na m e > _OPM_ <yyyy- mm- dd_hhmm ss > . ex t ,

where…

 <sa t- name >  =  Name  of  satellite  (i.e.  Terra)

 yyyy  =  the  crea tion  year  of  the  file

 mm  =  the  creation  month  of  the  file

 dd  =  the  creation  day  of  the  file

 hhmmss  =  the  crea tion  time  of  the  file  (in  hours,  minute s  and  
seconds)

 ext  =  opm

CRMS  Produ c t Type <fi l e n a m e >

OPM  Maneuver  File opm
Terra_OPM_2016- 03-

21_05464 6
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C.5          Files  from  FDS  to  CRMS

The  Force  Model  Data  and  Mane uv e r  Report  Files  delivered  by  the  FDS
to  the  CRMS  have  the  following  naming  convention:
  
AM1_<filena m e > N_d d d_yyyy_vv.ext,

where…

<filenam e >  =  the  string  given  in  the  table  below  for  each  of  the  produc ts .

N  =  1  or  7,  used  to  distinguish  the  type  of  product :

a. 1  for  1  week  product  (delivered  daily)
b. 7  for  7  week  product  (delivered  weekly)
c. For  other  produc ts  which  are  neithe r  1-week  nor  7-week  produc ts ,  the

value  1  is  used  as  the  default .

Ddd  =  the  3-digit  day  of  year  corresponding  to  the  star t  time  of  the  file
(not  the  creat ion  date  of  the  file).

Yyyy =  the  year  corresponding  to  the  star t  year  of  the  file  (not  the  creat ion  
year  of  the  file).

Vv =  a  two  digit  version  number  indicator .   Version  will  be  01  unless  a  
produc t  must  be  presen t .

Ext  =  “Repor t”

FDS  Produ c t Type <fi l e n a m e >
Force  Model  Data Report  file SCDATA
Predicted  Maneuve r  Report s Report  file PREDMAN
Historical  Maneuve r  Performa n c e  
Data

Report  file MANPERFDATA

Maneuver  Const rain t  Informa tion Report  file DELTAVBUF
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The  Earth  Orienta t i o n  Param e t e r s  (EOP)  Data  Files  that  FDS  delivers  
to  CRMS  have  a  timesta m p  which  is  the  file  type  embedde d  in  the  filename  
that  makes  the  files  unique.  See  table  below.

<fil e n a m e >                                                                           

UT1UTC.da t .YYYYDOY_HHMMSS  File
UTCTAI.dat .YYYYDOY_HHMMSS  File

Where  YYYY=creat ion  year
            DOY=crea t ion  day
            HHMMSS = h o u r ,  minute s ,  and  seconds  the  file  was  created .

FDS  Produ c t <fi l e n a m e > Type
EOP  Data UT1UTC.DAT YYYYDOY_HHMMSS
Leap  Second  Correc tion  
Data

UTCTAI.DAT YYYYDOY_HHMMSS
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The  Orbit  Ephe m e r i s  Mes s a g e  (OEM)  Files  delivered  by  the  FDS  to  the
CRMS  have  the  following  naming  conventions  with  the  fields  separa t e d  by
underscor e s  and  dashes .  The  produc t  descrip tion  and  sample  file  names  are
provided  in  the  table  below.  

The  daily  nominal  and  no  burn  ephem e r i s  files:

MEME_25994_te r r a_DOYHHMM_OPS_Terr a- YYYYDOY-NOMINAL-
SVV_unclassified. txt     
MEME_25994_te r r a_DOYHHMM_SPEC_Ter r a- YYYYDOY-NOBURN-
SVV_unclassified. txt     

Where. . .

 DOYHHMM  is  the  star t  day  of  the  ephem e r i s  data
 YYYYDOY is  the  file  genera t ion  epoch
 SVV is  the  version

The  risk  mitigation  maneuve r  (RMM)  special  screening  ephem e r i s  files:  

MEME_25994_te r r a_DOYHHMM_SPEC_DOYHHMMSS- NNN-
YYYYMMDDHHMMSS- SPMANV_unclassified. txt    

Where. . .

 DOYHHMM  is  the  star t  day  of  the  ephem e r i s  data
 DOYHHMMSS  is  the  file  genera t ion  epoch
 NNN  is  the  burn  delta- v with  units  of  cm/sec  (assum e d  decimal  is  one

place  from  the  right  (i.e.  NN.N))
 YYYYMMDDHHMMSS  is  the  burn  epoch

FDS  Produ c t  Des cr ipt i o n <fi l e n a m e >
NOMINAL  Daily  Predicted  
Epheme r i s  and  Covariance  
Data

MEME_ 25994 _terra_2960 0 0 0_OPS_Terr a_
2019296  _NOMINAL_S00_unclassified. txt

NO- BURN  Daily  Predicted  
Epheme r i s  and  Covariance  
Data

MEME_ 25994 _terra_2960 0 0 0_SPEC_Ter ra
_2019296  _NOBURN_S00_unclas sified. txt

RMM  Predicted  Ephem e r i s  
and  Covariance  Data

MEME_ 25994 _terra_2960 5 3 0_SPEC_2961
43805- 011- 20191023 2 0 0 0 0 0-

12
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022
SPMANV_unclass ified. txt
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App e n d ix  A       Orbit  Interpo l a t i o n  Algorith m

This  appendix  contains  docume n t a t ion  on  the  orbit  interpola t ion  algori thm  
and  a  sample  algorithm  impleme n t a t ion.

E.1 Orbit  Interpo la t i o n  Algorith m  Limitat io n s

In  genera l,  the  routine  should  be  impleme n te d  as  follows:

a. The  maximum  accepta ble  gap  length  which  may  be  filled  using  this  
routine  is  60  seconds.   In  the  event  of  a  larger  gap,  FDS  should  be  
notified  and  reques t ed  to  provide  an  ephem e r i s  file  to  fill  the  gap.

b. Five  points  are  required  on  either  side  of  the  gap  to  use  in  the  
interpola tion  scheme.   These  teleme t ry  points  must  be  fed  into  the  
routine  via  the  POSARR  and  VELARR  arrays  such  that  array  
componen t s  1-5  contain  the  points  prior  to  the  gap  (point  5  would  be  
the  one  at  the  edge  of  the  gap  and  1  would  be  the  point  earlies t  prior  
to  the  gap)  and  array  componen t s  6-10  contain  the  points  following  
the  gap  (point  6  would  be  the  one  at  the  edge  of  the  gap  and  10  would
be  the  point  lates t  after  the  gap).

c. Data  points  used  in  filling  the  gap  must  be  distinct ,  original  data  
points,  which  meet  all  limit  and  spike  checks  imposed  in  DPREP,  i.e.  
which  are  considere d  valid  points.   These  data  points  must  be  from  
the  original  (TONS)  data  set,  and  must  be  comprised  of  5  points  on  
either  side  of  the  gap,  i.e.  five  before  and  five  after.   The  first  valid  
data  point  must  not  be  more  than  four  AM1  packe t  intervals  (normally
1.024  seconds,  although  small  variations  may  exist)  before  the  gap  
and  the  last  valid  data  point  must  not  be  more  than  four  such  intervals
after  the  gap.

1
Check  the  ESDIS/ESMO/EDOS  Doc  Server  at  https://ops1-
cm.ems.eosdis.nas a .gov/cm2/  to  verify  that  this  is  the  correct  version  prior  
to  use.



EOS  Terra  FDS  / EOSDIS  ICD                                                             FDD-
96/010R0UD0  Rev  M

Effective  Date:  October  2022

App e n d ix  A       Spac e cr af t  Table  Load  Param e t e r s

F.1 Terra  Table s  Support e d  by  FDS

F.1.1 List  of  Tables  and  Table  Number s

Table Name ICD Section Table 
Number

STAR_CATALOG_TBL 3.5  (EOS  AM-1  Mission  Star  
Catalog)

179

FSS_XFORM_TABLE 3.3  (Sensor  Calibra t ion  Table) 125

SSST_EULER_PARAMS_TBL 3.3 178

IRU_XFORM_TBL 3.3 72

FSS_CAL_TBL 3.3 63

SSST_PARAMS_TBL 3.3 65

IRU_SCALING_TBL 3.3 70

IRU_BIASES_TBL 3.3 73

ATTITUDE_SLEW_TBL 3.4  (Attitude  Slew  Table) 126

DV_PARAMETERS_TBL 3.25  (Delta- V Parame t e r s  Table) 106

TDRS1_STATE_TABLE 3.11  (TDRS  State  Vectors) 272

TDRS2_STATE_TABLE 3.11 273

TDRS3_STATE_TABLE 3.11 274

TDRS4_STATE_TABLE 3.11 275

EOS_OE_TABLE 3.12  (EOS  AM-1  Brouwer-
Lyddane  Elts)

201

TDRS1_OE_TABLE 3.13  (TDRS  Brouwer- Lyddane  
Elts)

202

TDRS2_OE_TABLE 3.13 203

TDRS3_OE_TABLE 3.13 204

TDRS4_OE_TABLE 3.13 205

TUNING_PARAM_TABLE 3.16  (Filter  Tuning  Parame t e r s ) 261

STATE_ERROR_COV_TABLE 3.40  (AM-1  State  Error  Cov  
Matrix)

279

UT1_TABLE 3.54  (UTC  to  UT1  Timing  
Difference)

251

EOS_STATE_TABLE 3.56  (Predict ed  EOS  AM-1  State  
Vector)

276

TDRS1_STATE_TABLE 3.57  (Simulated  TDRS  State  
Vectors)

272

TDRS2_STATE_TABLE 3.57 273

TDRS3_STATE_TABLE 3.57 274
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TDRS4_STATE_TABLE 3.57 275

EOS_OE_TABLE 3.58  (Simulated  EOS  AM-1  
Brouwer- Lyddane  Elts)

201

TDRS1_OE_TABLE 3.59  (Simulated  TDRS  Brouwer-
Lyddane  Elts)

202

Table Name ICD Section Table 
Number

TDRS2_OE_TABLE 3.59 203

TDRS3_OE_TABLE 3.59 204

TDRS4_OE_TABLE 3.59 205

EOS_STATE_TABLE 3.60  (Simulated  EOS  AM-1  State  
Vector)

276

HARMONIC_COEFFICIENTS_TABL
E

3.63  (EGM  Spherical  Harmonics  
Coeff)

254

DEGREE_VARIANCE_TABLE 3.64  (EGM  Degree  Variance) 280

MIN_DENSITY_COEFFS_TABLE 3.65  (Harris- Prieste r  Atm.  
Density  Model)

255

MAX_DENSITY_COEFFS_TABLE 3.65 256

SOLAR_EPHEM_MOD_TABLE 3.66  (Solar  Ephem  Modifica tion  
Data)

253

EOS_MODEL_TABLE 3.67  (EOS  AM-1  Modeling  Data) 263

TDRS_MODEL_TABLE 3.68  (TDRS  Modeling  Data) 264

TDRS1_GRD_STN_TABLE 3.69  (Ground  Antenna  Modeling  
Data)

265

TDRS2_GRD_STN_TABLE 3.69 266

TDRS3_GRD_STN_TABLE 3.69 267

TDRS4_GRD_STN_TABLE 3.69 268

STATE_TOLER_TABLE 3.70  (State  Tolerance  Data) 269

MEAS_TOLER_TABLE 3.71  (Doppler  Meas.  Tolerance  
Data)

270

COV_TOLER_TABLE 3.72  (Covariance  Tolerance  Data) 271

TIME_STEP_TABLE 3.73  (Navigation  Time  Step  data) 259

PHYS_CONST_TABLE 3.74  (Phys.  And  Math.  Constan t s ) 260

ATMOS_DRAG_TABLE 3.77  (Atm.  Drag  Data) 258

TDRS_MEAS_BIAS_TABLE 3.78  (TDRS  Meas.  Bias  Data) 278

UT1_TABLE 3.79  (Simulated  UTC  to  UT1  
Timing  Difference)

251

THRUSTER_TABLE 3.80  (Navigation  Thrus te r  Table) 257

FDIR_TAM_PREDICTS_TBL 3.84  (TAM  FDIR  Predict  Table) 152

THRUSTER_CONTROL_PARS_TBL 3.85  (Thrus t e r  Control  
Parame t e r s  Table)

105
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F.2 Table  Load  File  Format

Head er  Record:   137  bytes.

Field
Nam e

Maxim u
m  Field
Width

Des cr ipt i o n

Satellite  Id 8 The  satellite  id  of  the  Terra  spacecraf t  
(“AM1”).

File  Type 14 This  field  indicate s  the  type  of  file.  The  
only  valid  value  is  “TABLELOAD”.

File  
Creation  
Time

14 Time  when  the  file  was  creat ed  in  the  
form  YYYYDDD.HHMMSS

Table  Name 30 The  table  name  as  defined  in  the  EMOS  
PDB.

Table  
Number

4 The  unique  number  identifying  this  table  
in  the  EMOS  PDB.

Destina tion 2 RT ID =  5  refers  to  SCC1,  RT ID =  6  
refers  to  SCC2.

Uplink  
Window  
Star t

14 Star t  time  of  the  valid  uplink  window  in  
the  form  YYYYDDD.HHMMSS.   
This  field  contains  0.0  if the  table  can  be  
uplinked  at  any  time.

Uplink  
Window  
Stop

14 Stop  time  of  the  valid  uplink  window  in  
the  form  YYYYDDD.HHMMSS.   
This  field  contains  0.0  if the  table  can  be  
uplinked  at  any  time.

Opera t ions  
Window  
Star t

14 Star t  time  of  the  valid  opera t ions  window  
of  the  table  in  the  form  
YYYYDDD.HHMMSS.   
This  field  contains  0.0  if the  table  data  is  
valid  for  all  times.

Opera t ions  
Window  
Stop

14 Stop  time  of  the  valid  opera t ions  window  
in  the  form  YYYYDDD.HHMMSS.  
This  field  contains  0.0  if the  table  data  is  
valid  for  all  times.

Data  Record s:   27  bytes.

Field
Nam e

Maxim u
m  Field
Width

Descript i o n
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Table  Field  
Number

4 Unique  number  which  identifies  a  
parame t e r  within  a  table  in  the  EMOS  
PDB.

Value 22 The  new  value  to  be  loaded  for  this  
parame t e r .

Notes:   
1. Partial  table  loads  are  suppor t e d  by  the  EOC.   However ,  the  data  

records  within  a  single  table  load  file  must  be  contiguous.   For  
example,  a  par tial  load  of  table  number  179,  field  number s  13  through
16  may  be  supplied  in  a  single  table  load  file.   A partial  load  of  table  
numbe r  179,  field  numbe r s  13- 16  and  37- 40  must  be  split  into  two  
differen t  files  before  delivery  to  the  EOC.

2. The  Data  Records  within  the  Table  Load  file  must  appear  in  ascending
Table  Field  Numbe r  order .

3. The  parame t e r  values  appea ring  in  the  data  records  are  classified  into
four  data  types:
a. FL  – Floating  point  data  type  (32  bit)
b. IT – Intege r  data  type  (16  bit)
c. LF  – Long  floating  point  data  type  (64  bit)
d. LI – Long  integer  data  type  (32  bit)

The  ASCII  data  format  for  each  data  type  is  specified  as  follows:

Dat
a

Typ
e

ASCII  Format Exampl e

FL SX.XXXXXEsXX.   (6  significan t  
digits)
S  =  “–” if negative.
S  =  “+”  if the  exponen t  is  
positive,  
      “–” if negative.

–123.4 ->
“–1.23400E+02”

IT SXXXXX.  (up  to  5  significant  
digits)
S  =  “–” if negative.

123 -> “123”

LF SX.XXXXXXXXXXEsXX.   
(11  significan t  digits)
S  =  “–” if negative.

123.4 ->
“1.2340000000E+02”

4
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S  =  “+”  if the  exponen t  is  
positive,  
      “–” if negative.

LI SXXXXXXXXXX.  (up  to  10  
significant  digits)
S  =  “–” if negative.

123 -> “123”

F.3 Table  Load  File  Nami n g  Conven t i o n

Referenc e  Appendix  C.
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App e n d ix  A       Carryout  File  Descr ipt i o n

G.1 Carry- Out  File  Data

A Carry- Out  File  is  a  standa rd  output  file  crea t ed  in  respons e  to  an  FOT
reques t .   The  standa rd  carry- out  file  format  provides  the  means  to  repres e n t
differen t  param e t e r  data  in  a  consisten t  manne r .   Created  carry- out  files  are
protect e d  and  available  as  “read- only”.   

Carry- out  files  can  be  genera t e d  to  contain  the  following  data:

a. Terra  spacecraf t  housekee ping  data
b. Terra  spacecraf t  heal th  and  safety  data
c. Terra  diagnos tic  teleme t ry  data
d. Network  Control  Cente r  (NCC)  User  Performa nc e  Data  (UPD)  

message  data
[also  known  as  opera to r  data  message  (ODM)  data]

e. EDOS  Customer  Opera t ions  and  Data  Accounting  (CODA)  message  
data

Carry- out  files  are  transfe r r e d  on  an  as- needed  basis.   Carry- out  file  size  for  
elect ronic  data  transfe r  may  not  exceed  the  2  GB UNIX  file  size  limit.   
Physical  media  for  the  backup  transfe r  mode  permits  a  single  2  GB file  to  be
written  onto  a  single  media  volume.

G.2 Carry- Out  File  Format  and  Conte n t s

The  general  format  and  conten ts  of  an  EMOS  carry- out  file  are  shown  in
Table  G-1.   Carry- out  file  data  is  provided  in  the  American  Standa rd  Code
for  Informat ion  Intercha n g e  (ASCII)  format  to  the  FDS  Worksta t ion.   Each
record  in  a  carry- out  file  termina te s  with  an  ASCII  new- line  charac t e r .
Fields  within  in  a  record  are  separa t e d  by  the  vertical  bar  “|”  delimite r .
Fields  may  vary  in  length  up  to  the  maximum  size  indicated .   Data  records
in  a  file  are  ordere d  by  the  time  associa ted  with  each  data  record.

Carry- out  file  conten ts  vary  depending  on  mission  star t  and  stop  times  and
set  of  param e t e r s  specified  in  each  FOT  file  genera t ion  reques t .   Valid
Param e t e r  Mnemonics  and  Param e t e r  IDs  are  found  in  the  EOC  Project
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Databas e  (PDB),  the  opera t ional  point  of  control  for  AM-1  spacecraf t
definition  files,  which  are  provided  and  validated  through  the  collective
effort  of  the  FOT,  the  AM-1  spacec raf t  vendor,  and  other  designa t ed
sources .   

Each  carry- out  file  includes  one  File  Heade r ,  at  least  one  Heade r  Record,  
and  one  or  more  Data  Records .   A single  Heade r  Record  is  included  for  each
spacecr af t  param e t e r  addre ss e d  in  a  carry- out  file.   There  may  be  one  or  
more  Data  Records  associat ed  with  each  Heade r  Record.   Data  Records  
map  to  the  corresponding  Heade r  Record  through  the  Param e t e r  ID (PID).   
Data  Records  include  conver te d  data  values  and  may  also  include  raw  data  
and  decoded  data.   Conver t ed  da t a  is  presen te d  in  the  form  of  enginee ring  
unit  (EU)  conver te d  values  or  discre t e  state  conver t ed  values.   A sample  
carry- out  file  follows  Table  G -1.

Table  G-1.  Carry- Out  File  Data  Format

Item
No.

Data Item Data Type Max Size
(in Bytes)

Values

- - File  Head e r - - - - - -
H1 Time  of  Firs t  Parame t e r  in  

string  format,  YYYY/DDD  
HH:MM:SS.MMM

String ASCII  21B Valid  mission
times  

H2 Total  Number  of  Heade r  
Records

16  Bit
Integer

ASCII  5B 0  to  65535  

- - Star t  Hea d e r  Reco r d  - - - - - - 
H3 Parame t e r  Mnemonic String ASCII  20B Valid  Param e te r

Mnemonic  per
PDB

H4 EMOS  Parame t e r  ID 16  Bit
Integer

ASCII  6B Valid  Param e te r
ID per  EOC  Data

Base
H5 Terra  PDB  Param et e r  ID 16  Bit

Integer
ASCII  5B Valid  Param e te r

ID per  Terra
PDB

H6 Data  Type  defined  by:
R =  Real
I =  Integer
S  =  String  (e.g.  Discre t e  State  
String)

Charac t e r ASCII  1B R,  I or  S

H7 N/A 0B N/A
- - End  Head e r  Reco r d      [Repeat  Header  Record  for  each  Parameter] - - 
- - Star t  Data  Recor d  - - - - - - 
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D1 Time  of  Parame t e r ,  stated  as  

offset  time  from  Item  H1  the  
star t  time  of  the  first  
parame t e r .   The  offset  is  
calcula ted  from  the  onboard  
sample  time.

Real  8  Byte
Floating

Point
Number

ASCII  16B Offset  Time  in
Seconds

D2 EMOS  Parame t e r  ID 16  Bit
Integer

ASCII  6B Valid  Param e te r
ID per  EOC  Data

Base
D3 Terra  PDB  Param et e r  ID 16  Bit

Integer
ASCII  5B Valid  Param e te r

ID per  Terra
PDB

D4 Raw  value 1  (Raw  values  are  not
repor t ed  for  ground  telemet ry.)

Integer ASCII  10B All

D5 Conver t ed  value  Variable
per  Item

H6

ASCII  20B  Real  number  in
exponen t ial

format
D6 Decoded  value  1  32  Bit

Integer
ASCII  10B All

Note  1: Field  is  unfilled  when  value  does  not  exist  for  the  param e t e r  identified.   See  

sample  record.
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Table  G-1. Carry- Out  File  Data  Format  (Cont i n u e d )
Item
No.

Data Item Data Type Max Size
(in Bytes)

Values

D7 Status  Word,  containing  data  
for  status  flags  arran g ed  as  bits
in  a  32  Bit  Integer  where  Bit  0  
is  the  Least  Significant  Bit.

Bit  0    RedHi
Bit  1    RedLow
Bit  2    YellowHi
Bit  3    YellowLow
Bit  4    Delta  Limit
Bit  5    Rail  Limit
Bit  6    Bad  Quality
Bit  7    Conversion  Error
Bits  8-31    Reserved  for  Future  
Use
Note:   bits  0-3  are  mutually  
exclusive

32  Bit
Integer

ASCII  10B 1  =  true,  0  =  
false  for  bits  0-7

- - End  Data  Recor d    (End  Line)      [Repeat  D1  – D7  until  
End  of  File]  

- - 

Sampl e  Carry- Out  File  Record

Sample Record Sample Record Data Description

1999/234 19:23:43.024 time of first parameter

3 total number of header records

MPSEMISA1|123|23IR|| first header record

MPSEMISA2|124|24IR|| second header record

MPSEPMONOUT2|13456I3456|I|| last header record.  Rest of file is data.

0.0|123|23I029|23.5676||0 data record for EMOS Parameter ID 123, no 
decoded value

0.001|124|24I099|83.5676||4 data record for EMOS Parameter ID 124, no 
decoded value

0.052|123|23I029|23.5676||0 data record for  EMOS Parameter ID 123, no 
decoded value

0.055|124|24I089|80.5676||4 data record for EMOS Parameter ID 124, no 
decoded value

1.000|13456|3456I4294967295||-1|0 data record for  EMOS Parameter ID 13456, 
no converted value
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.......etc.........

For  each  mnemonic  in  the  PDB,  its  data  type  is  determine d  based  on  the  
following  algorithm:

If PDB  field  “State  Text”  is  defined  (state  mnemonic)  Then
      Item  H6  will  have  the  value  “S”  (string)
Else  If PDB  field  “Data  Rep”  is  “FL”  (floating  point)  Then
      Item  H6  will  have  the  value  “R”  (real)
Else  If PDB  field  “Scale  Factor”  is  not  empty  OR

PDB  field  “C  zero”  is  not  empty  OR
      PDB  field  “C  one”  is  not  empty  OR
      PDB  field  “C  two”  is  not  empty  OR
      PDB  field  “C  three”  is  not  empty  OR
      PDB  field  “C  four”  is  not  empty  OR
      PDB  field  “C  five”  is  not  empty  Then
      Item  H6  will  have  the  value  “R”  (real)
Else
      Item  H6  will  have  the  value  “I”  (intege r)

G.3 Carry- Out  File  Data  Transf er  Meth o d

The  EMOS  accesse s  spacecr af t  data  and  formats  an  FOT  opera to r- specified
data  set  into  a  carry- out  file.   The  carry- out  file  is  delivered  to  the  FDS
Worksta tion  using  SFTP  as  described  in  Section  2.4.2.   Files  are  transfe r r e d
directly  to  a  direc to ry  on  the  FDS  Worksta t ion.   (Informa tion  on  the
directo ry  names  and  locations  can  be  found  in  Referenc e  9.)   The  FDS  reads
the  transfe r r e d  ASCII  carry- out  files  in  the  direc tory  and  ingests  the
necessa ry  spacec raf t  data  for  processing.

G.4 Carry- Out  File  Data  Transf er  Error  Handl i n g

Collocation  of  the  EOC  User  Stations  and  the  FDS  Worksta tion  within  the  
EOC  enables  quick  and  easy  opera to r  correc t ion  of  data  transfe r  errors .   
Carry- out  file  data  errors  are  opera to r  correct e d  by  regene r a t ion  of  the  
carry- out  file  from  the  EMOS.   For  loss  of  communica t ion  interface  between
the  EMOS  and  the  FDS  Worksta tion,  opera to r  interven t ion  permits  transfe r  
of  data  using  physical  media.   Inter rup t ion  of  SFTP  requires  FOT  opera to r  
interven t ion  to  reinitialize  SFTP  transfe r  from  the  EOC  User  Station.
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App e n d ix  A       Abbrevia t io n s ,  Acrony m s ,  and
Symbol s

\ line  continua tion  symbol

\n new  line  symbol

ACS Attitude  Control  System

AGS Alaska  Ground  Station

ASCII
American  Standa r d  Code  for  Informa tion  
Intercha n g e

ASTER
Advanced  Spaceborn e  Thermal  Emission  and  
Reflection  Radiome te r

CCSDS Consulta t ive  Commit tee  for  Space  Data  Systems

CCTV Closed  Circuit  Television

CERES Clouds  and  Earth’s  Radiant  Energy  System

CMS Command  Manage m e n t  System

cov covariance

CSS Coarse  Sun  Sensor

DAACs Distributed  Active  Archive  Cente r s

DAT digital  audio  tape

DCE distribu ted  computing  environme n t

deg degree

deg/s degrees  per  second

DMR Detailed  Mission  Requirem e n t s

EBnet EOSDIS  Backbone  Network

ECEF Earth- Cente r e d  Earth- Fixed

ECI Earth  Cente r ed  Inertial

EDOS EOS  Data  and  Opera t ions  System

ELV Expendable  Launch  Vehicle
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EMOS EOS  Mission  Opera tions  System

EOC EOS  Opera t ions  Cente r

EOS Earth  Observing  System

ESMO Earth  Sciences  Mission  Opera t ions

ESA Earth  Sensor  Assembly

ESE Earth  Science  Ente rp r ise

FDAB Flight  Dynamics  Analysis  Branch

FDE Flight  Dynamics  Enginee r

FDF Flight  Dynamics  Facility

FDIR fault  detec tion  isolation  and  recovery

FDS Flight  Dynamics  System

FDT Flight  Dynamics  Team

FL floating  point  data  type  (32  bit)

FOT Flight  Opera t ions  Team

FOV Field  of  View

FSS Fine  Sun  Sensor

GHA Greenwich  hour  angle

GSFC Goddard  Space  Flight  Cente r

GN&CS Guidance,  Navigation  and  Control  Subsyst em

HGA High  Gain  Antenna

HTML hyper- text  markup  language

Hz- S S-band  Hertz

ICD Interface  Control  Document

IP Interne t  Protocol

IRU Iner tial  Reference  Unit

IT intege r  data  type  (16  bit)

kg kilogram

km kilomete r

km/s kilomete r s  per  second
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LF long  floating  point  data  type  (64  bit)

LI long  intege r  data  type  (32  bit)

LOF Local  Oscillator  Freque ncy

LVLH local  horizontal- local  vertical

m meter

m/s meters  per  second

µs microsecond

MISR Multi- angle  Imaging  Spect roRadiome te r

MOPITT Measure m e n t s  of  Pollution  in  the  Troposphe r e

ms millisecond

MSR Monthly  Status  Repor t

MTR Magnetic  Torquer  Rod

NASA National  Aeronau t ics  and  Space  Administ ra t ion

NASCOM NASA  Communica t ions

NCC Network  Control  Cente r

NU No  unit  (or  unitless)

OE Orbital  Element

OEM Orbit  Epheme r i s  Message

OPM Orbit  Parame t e r  Message

P c Probabili ty  of  Collision

PI Principal  Investiga to r

PID Param e t e r  ID

RAAN right  ascension  of  ascending  node

rad radian

rad/s radians  per  second

RMM Risk  Mitigation  Maneuve r

RSS root  sum  square

RT Remote  Terminal

RTADS Real- Time  Attitude  Determina tion  System
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SGS Svalbard  Ground  Station

SSIM Spacecraf t  Simulato r

SSST Solid  State  Star  Tracker

STGT Second  TDRSS  Ground  Terminal

TAM Three- Axis  Magne tom e t e r

tar tape  archive  ret rieval

TBD To  Be  Determined

TCA time  of  closest  approach

TDRS Tracking  and  Data  Relay  Satellite

TDRSS Tracking  and  Data  Relay  Satellite  System

TGSS TONS  Ground  Suppor t  System

TONS TDRS  Onboard  Naviga tion  System

WOTS Wallops  Orbital  Tracking  Station

WSGTU White  Sands  Ground  Terminal  Upgrade

UTC Universal  Time  Coordina t e d
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