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Automatic image recognition system and key technologies of maceral group
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Abstract ; Coalification degree and macerals determine the physical and chemical properties as well as coking proper-
ties of coal. The automatic determination of vitrinite reflectance and macerals in coal can reduce the deviation from tra-
ditional manual determination. Also,it is quick and efficient, which makes it possible for the determination results of
coal petrology to be used in coal classification and the processing and utilization of coal. Numerous research has been
done worldwide in the automatic determination of coal petrology. The automatic determination of vitrinite reflectance
has been achieved. However,due to the complexity of maceral composition and the influence of coalification degree,
there are still many difficulties in the automatic recognition of macerals and image analysis. In this paper,the research

focuses on these problems. The following results have been obtained ; (D the microscope-based hardware platform for
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micro-image automatic collection is developed,which includes three functional modules ;autofocus , automatic scanning
and automatic collection of micro-image. The workflow of automatic image recognition of maceral group is established.
) Micro-image de-noising pretreatment techniques are developed for segmenting resin from liptinite group and the
brightened resin affected by reflection of coal particles below. Based on Prewitt operator,a removal technique of false
boundary of maceral is also developed. @) A K-means clustering-based image automatic segmentation and recognition
technology of maceral groups is developed. @) Automatic image recognition system of maceral group of bituminous coal
is developed. Using the image automatic recognition system developed in this research,the representative samples of
bituminous coal from different ranks in China are automatically collected and their macerals are automatically recog-
nized. The results are compared with the standard results of manual identification done by domestic authoritative ex-
perts in coal petrology field. It is shown that the average deviation of the 45 samples in vitrinite , inertinite and liptinite

group determined by the two methods are only 2.3% ,2.3% and 1.5% respectively. According to the accuracy analy-

sis method in national standard GB/T 18510—2001 , the statistic ¢, is less than the ¢, of three maceral groups.

Key words : maceral group ; automatic recognition ;image analysis ; K-means clustering algorithm ; software system
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Fig. 1 Automatic collection platform for coal micro-image
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Fig. 8 Procedure of K-means algorithms for the image identification of maceral group
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Table 1 Comparison of automatic analysis and manual test of maceral group content under different measuring points

LAl HAK 1 2 3 4 5
J5x Wl Br% Vo 1% E% V/% V% E/% V/% V% E/% V/% V% E/% V/% V%
ATHE  >500 4.5 79.3 16.1 8.9 688 223 10.7 60.3 29.0 50 70.6 244 0.1 79.7 20.2
3000 5.6 79.9 144 10.7 70.4 18.9 8.9 63.0 28.1 3.4 744 222 0 80.5 19.5
500§ 5.9 78.7 154 11.0 712 17.8 8.8 6.7 29.5 3.9 721 23.9 0 80.6 19.4
HEhME  800#F 5.4 78.4 161 10.2  70.5 19.3 8.0 63.5 28.4 3.8 71.3 249 0 8.3 18.7
1000 5.3 79.0 157 10.4 70.3 19.3 8.1 63.2 28.7 3.8 7.6 24.6 0 80.9 19.1
- B 56 79.0 154 10.6 70.6 18.8 85 62.9 287 3.7 724 23.9 0 80.8 19.2
W% 0.6 15 1.7 0.8 0.9 1.5 09 1.8 L4 05 31 27 0 0.8 0.8
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Fig. 10  Repeatability test of maceral group content

at different measuring points
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Table 2 Accuracy analysis of automatic recognition test data of maceral group for samples in Chinese classification of coals

%
o R EUG 2 A SR e HE FAR AN L4058 Pir iz 2% d
" R} \% I E A I E % I E
1 0.57 70.6 21.3 8.2 68.9 24.8 6.3 -1.70 3.50 -1.90
2 0. 67 59.5 24.7 15.9 55.3 26.3 18.4 -4.20 1.60 2.50
3 0. 68 88. 8 5.8 5.4 90.9 4.6 4.4 2.10 -1.20 -1.00
4 0.75 78.0 15.1 6.9 79.3 16. 1 4.5 1.30 1. 00 -2.40
5 0.75 74.2 15.3 10.5 73.2 18.3 8.5 -1.00 3.00 -2.00
6 0.75 86.6 8.4 5.0 83.1 11.7 5.1 -3.50 3.30 0.10
7 0. 88 68.7 20.2 11.1 68.8 22.3 8.9 0.10 2.10 -2.20
8 0. 88 85.0 11.2 3.8 89.0 9.7 1.3 4.00 -1.50 -2.50
9 0.90 62.6 28.8 8.5 60.3 29.0 10.7 -2.30 0.20 2.20
10 0.92 46.5 25.7 27.8 43.7 30.0 26.3 -2.80 4.30 -1.50
11 0.94 55.6 37.1 7.4 60. 8 33.4 5.8 5.20 -3.70 -1.60
12 0.96 67.6 27.7 4.7 72.6 22.1 5.3 5.00 -5.60 0. 60
13 1.00 56. 1 39.3 4.6 54.6 40.6 4.8 -1.50 1.30 0.20
14 1.02 59.1 35.3 5.6 60.9 33.9 5.3 1.80 -1.40 -0.30
15 1.02 61.7 26.5 11.8 57.0 30.0 13.0 -4.70 3.50 1.20
16 1.05 50.8 45. 4 3.7 56.0 40.0 3.9 5.20 -5.40 0.20
17 1.05 70.9 26.3 2.8 70.6 24. 4 5.0 -0.30 -1.90 2.20
18 1.11 55.5 42.0 2.5 58.8 39.5 1.8 3.30 -2.50 -0.70
19 1.12 59.9 32.9 7.3 63.9 24.6 11.5 4.00 -8.30 4.20
20 1.14 67.7 30. 1 2.2 72.0 26.6 1.4 4.30 -3.50 -0. 80
21 1.17 87.3 12.7 — 86.8 13.2 — -0.50 0.50 —
2 1.18 74.8 25.2 — 70.9 29.1 — -3.90 3.90 —
23 1.18 82.7 17.3 — 83.9 16.1 — 1.20 -1.20 —
24 1.23 75.9 24.1 — 76. 8 23.2 — 0. 90 -0.90 —
25 1.24 88.5 11.5 — 84.5 15.0 — -4.00 3.50 —
2 1.27 60. 1 39.9 — 59.1 40.5 — -1.00 0. 60 —
27 1.32 92.8 7.2 — 93.2 6.7 — 0. 40 -0.50 —
28 1.34 75.1 24.9 — 76.2 23.8 — 1.10 -1.10 —
29 1.35 77.4 22.6 — 75.4 24.6 — -2.00 2.00 —
30 1.36 99.0 1.0 — 9.4 1.6 — -0. 60 0. 60 —
31 1.42 86.2 13.8 — 82.4 17.4 — -3.80 3.60 —
32 1.45 68.7 31.3 — 68.5 31.3 — -0.20 0 —
33 1.47 74.5 25.5 — 78.1 21.6 — 3.60 -3.90 —
34 1.53 69.2 30.8 — 70.3 29.6 — 1.10 -1.20 —
35 1.53 81.8 18.2 — 79.7 20.2 — -2.10 2.00 —
36 1.57 90.5 9.5 — 9. 1 9.9 — -0.40 0. 40 —
37 1.62 68.6 31.4 — 64.7 35.3 — -3.90 3.90 —
38 1.67 90. 1 9.9 — 9.1 6.9 — 3.00 -3.00 —
39 1.69 78.6 21.4 — 80.2 19.8 — 1. 60 -1.60 —
40 1.74 68.0 32.0 — 69.2 30.7 — 1.17 -1.27 —
41 1.76 82.8 17.2 — 82.2 17.8 — -0. 60 0. 60 —
2 1.77 97.0 3.0 — %. 8 3.2 — -0.20 0.20 —
43 1.79 79.6 20. 4 — 7.3 22.7 — -2.30 2.30 —
4 1.92 97.3 2.7 — 9%. 1 3.9 — -1.20 1.20 —
45 2.25 94.9 5.1 — 9.1 6.9 — -1.80 1.80 —
M d -0.32 -0.28 -0.02
PRIfEZME S, 3.096 3.015 1.872

L FEBFRRT B R RK R N T 1.30% I RG] 1SR sl 3 R KF 1.30% i, SR A4l 1 B 2 R 25
7 2. B EAFRUET Y,



3094 # 2

www.chinacaj.net

F % 2019 4E55 44 %

£33 VN ERERASESERNRINEERENESR

Table 3 Repeatability test data of automatic analysis for 10 samples

b LA il EESINL| H il T W2 bean LAz &l A i EESIpL] T W2
! E1/% FE 2/ % {8/ % d/% il E 1/ % E2/% {8/ % d/%
E 5.4 5.8 5.6 0.4 E 7.4 6.5 7.0 0.9
1 A\ 88.8 90.0 89. 4 1.2 6 % 55.6 55.5 55.6 0.1
I 5.8 4.2 5.0 1.6 I 37.1 38.1 37.6 1.0
E 6.9 5.9 6.4 1.0 E 0 0 0 0
2 \ 78.0 79. 4 78.7 1.4 7 \Y 81.8 80.0 80.9 1.8
I 15.1 14.7 14.9 0.4 I 18.2 20.0 19.1 1.8
E 5.0 4.4 4.7 0.6 E 0 0 0 0
3 \% 86. 6 86. 6 86. 6 0 8 \% 78.6 78.5 78.6 0.1
I 8.4 9.0 8.7 0.6 I 21. 4 21.5 21.5 0.1
E 1.1 9.0 10. 1 2.1 E 0 0 0 0
4 \ 68.7 71.0 69.9 2.3 9 \Y 68.0 70.0 69.0 2.0
I 20.2 20.0 20.1 0.2 I 32.0 30.0 31.0 2.0
E 8.5 6.7 7.6 1.8 E 0 0 0 0
5 A\ 62.6 61.5 62.1 1.1 10 % 82.8 85.0 83.9 2.2
I 28.8 31.8 30.3 3.0 I 17.2 15.0 16. 1 2.2

10 /MFE S 20 2H A SRS i 4320 | 3l e
E MR 225047 W . WA dl % & (P) BdE T Fl N
P<10% ,10% <P <30% ,30% <P <60% ,60% <P <
90% K, fie K27 50 1.8%,2.2% ,3.0%,
2.3% , SE AT A B bR EAE I 1 L EE A 1 R A Sl
2.0% ,3.0% ,4.0% ,4.5% M ER (FE 11), # 5#%
W giit, Bl & E R 2E I RN 2. 5% , 16 4l
W2 KN 3. 0% ,se AWM ER KN 2. 1% , AT I,
10 AMFE it B H A2 I 235 SR A2 520K A VLT

5 o

60%<P<90%
4 30% <P<60% P>90%
. 10%<P<30%
S3p
H | p<i0y
:é 2 0. ‘00 ¢ : * ‘
® *
1F o . * ¢
L4
* *
I fo I e M I )
0 10 20 30 40 50 60 70 80 90 100
ERG HPI%
FLL 10 A4l S felc 2 2320 A 3l s {8 A i 22 70 A
Fig. 11  Range distribution of macerals automatic

analysis test data for 10 samples
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Fig. 13 Range distribution between automatic analysis methods and manual test data for 45 samples
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Table 4 Comparison of three automatic recognition methods and manual test data of maceral group

HEH B/ % HEEHEE/ %
B ORME g B RR @
o R gm0 Komens g WU e R e o AT Komens o HHEN
M RAE fk W Rk fk

A% 90.9 88.8 77.6 94,2 v 58.8 55.5 41.8 65.6

1 0. 68 1 4.6 5.8 9.5 3.2 9 1.11 1 39.5 42 52.6 34.4
E 4.4 5.4 12.9 2.6 E 1.8 2.5 5.6 0
v 79.3 78.0 59.6 81.1 v 63.9 59.9 43.3 70.5

2 0.75 1 16. 1 15.1 26. 1 14.9 10 1.12 1 24.6 32.9 45.8 28.4
E 4.5 6.9 14.3 4.0 E 11.5 7.3 10.9 1.1
\% 68. 8 68.7 52.6 71.8 \% 76.8 75.9 51.2 81.7

3 0. 88 1 22.3 20.2 26.9 19.2 11 1.23 1 23.2 24. 1 48. 8 18.3
E 8.9 11.1 20.5 9.0 E 0 0 0 0
\'% 89.0 85.0 67.3 88.2 \% 76.2 75. 1 59.7 86. 4

4 0. 88 1 9.7 11.2 19.4 9.6 12 1.34 I 23.8 24.9 40. 3 13.6
E 1.3 3.8 13.3 2.2 E 0 0 0 0
A% 60. 3 62.6 48.9 67.2 \ 79.7 81.8 64. 1 87.6

5 0.90 1 29.0 28.8 38.4 29.5 13 1.53 1 20.2 18.2 35.9 12.4
E 10.7 8.5 12.7 3.3 E 0 0 0 0
\% 72.6 67.6 50. 1 71.8 A% 69.2 65.6 43.3 73. 4

6 0.96 1 22.1 27.7 38.5 25.2 14 1.74 1 30.7 34.4 56.7 26.6
E 5.3 4.7 11.4 3 E 0 0 0 0
\% 57 61.7 46.2 67.1 \% 82.2 82.8 65.4 88

7 1.02 1 30 26.5 31.7 21.5 15 1.76 I 17.8 17.2 34.6 12
E 13 11.8 22.1 11.4 E 0 0 0 0
v 56.0 50. 8 35.4 55.2

8 1.05 1 40.0 45. 4 58.2 44. 8
E 3.9 3.7 6.4 0
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Fig. 14 Range distribution of three recognition methods
and manual test data
x5 ERHESAE3MIRMNATESATEETHERES T
Table 5 Range statistics of three automatic recognition

methods and manual test data of maceral group

W2z d /%
[T Eiv ‘
K-means Ik FMR % W LA
0.1~5.2 10.8 ~25.9 0.8 ~10.2
4]
Bl 2.7 18.3 4.9
0.2~8.3 1.7 ~26.0 0.1~10.2
e Y
fhi AL 2.6 14.0 4.3
0.2 ~4.2 0.6 ~12.0 0.1~10.4
=y
TeRAL 1.7 6.6 3.1
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