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Abstract:[Purposes] In the real-time monitoring process of medium-to-low ash content in coal,
there exist problems such as low monitoring accuracy, long detection cycle, and high radiation risk.
To address these issues, in this study, a detection model and corresponding measurement method are
proposed on the basis of a combination of dual-energy X-ray measurement results and artificial intelli-
gence algorithms, namely the coal ash content detection model based on the Multilayer Perceptron
neural network. [Methods] First, a low-ash coal ash content detection experimental system was de-
signed on the basis of dual-energy X-ray technology. By considering variables such as particle size, X-
ray incident angle, humidity, and composition, the effects of different particle sizes, X-ray incident
angles, humidity levels, and different components on the identification of ash content in low—ash coal

were investigated. Subsequently, an accurate mapping relationship between X-ray transmission data
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and sample ash content was established. Finally, the neural network was trained by using dual-energy

X-ray data to ensure the accuracy and reliability of the model predictions. [Results] The results show

that the root means square error between the predicted values and the true values after training the

model is 0.081 7, and the absolute value of the average error is 0.000 01. When the ash content is less

than 20% , the range deviation of the predictions is £0.79%; for ash content ranging from 20% to

35% , the range deviation is £0.94%; for ash content above 35% , the range deviation is larger.

Keywords: ash content; dual-energy X-ray; MLP neural network; grasshopper algorithm
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Table 1  Ash XRF results of high ash coal samples

i Si0,  ALO, TiO, CaO Fe,0, MgO Hith

w/% 46.589 39.033 4.52 3.678 4.151 0.284 1.745
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Fig.1 XRD patterns of coal samples with different ash contents
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Table 2 Information of different ash coal samples %
ey
W AMUERMS  BEGH k%'ﬁ C R RIS
I EIRE) I_Jm/\E/Ha SEMARAD
1 15. 87 37.22 17.23
2 17.23 38.62 20.08
3 18. 64 40.08 23.32
4 20.08 41.48 25.77
5 21.87 42.87 28. 64
6 23.32 - 31.50
7 24.36 - 34.35
8 25.78 - 37.21
9 27.21 - 14.37
10 28. 64 - 42.92
11 30.07 - -
12 31.50 - -
13 32.92 - -
14 34.35 - -
15 35.77 - -
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Fig.2 Dual-energy X-ray gray scale images of No.0 coal sample at 25.5 mm thickness

IERE L 2.5 mL k3 1 DX R) 0 R R N
5mLUZE 4 25.5mm) 7.5 mLUEE K 38.25 mm) .
10 mL C J& B 24 51.00 mm) . 12.5 mL ( J& & K
63.75 mm) .15 mL (J& & Jy 76.50 mm) . 17.5 mL

CJEFE 4 89.25 mm) 20 mL (J&FE R 102.00 mm) [

MR BEAEL, Z Ja SO R IF L IR S gl 7
34k B PR AR B o Fh T N B A AR 2 A

PUER B 40, 0006 0y 25 SR PRI R 2 52 B 32 o ATl A —



%3

TR T, A BT XURE X 20 AR 2 SR A5 5 S 567

SE R 25, 0T B R kAT R R AR B, 2 S g
BT 5% W S 114 Pl 50 Al AR AE DA T 356 A5 A 1y L A T
FEAE . “Tmage]” B4, 35 HUAE 5K G b 25 2% 7E
TR 2% 308 38 195~200 f 407 B A9 5 BE {8, 4 P 3 fr
N o B JE FHRIUR I B R U 25 25 25 2% 19 0K 3 A in
T 5 R T AL, T 3R AT A 8 (A0 Oy 12 M B A
JELBE T K AL

162.558

B3 MEEGHREEBLESSER

Fig.3 Measuring position and result of gray value in the image
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Fig.4 Dual-energy X-ray gray value fitting curves of coal samples with different particle sizes and different thicknesses
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Fig.6 Fitting curves of gray values of coal samples with different humidity
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Fig.9 Dual-energy gray values and fitting curves of three coal samples
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Table 4  Slope values of gray value fitting curves of
six samples at 10 mL volume
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Table 5 Slope values of gray value fitting curves of three kinds of
coal sample at 10 mL volume
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Fig. 10 Root mean square error values of the three optimization

algorithms in optimization process

M E AT, GOA AT DL S BP0 84, ok 1
GOA B335 fL T A 5 AR 4k 5829 5 ACO Fit GA F-
FeUR 0 1 05 LR 22 KT GOA B AR, BV W
il P FP R B N T R SR AR AE L T GOA FE 3% 48 IR
Bk 10~15 B i BF- F2 B B, OF 48 3 31 4 Jm B i
{H , X A FE UL GOA B 2 )R R MR Z M T ACO
FGA. ZE L, B8 GOA MR Ay 28 I 26 150 455 10 60
S RACE D . Sl A IS B MLP #2925 45
RUAE AR B 700 1k, 2% 2] 3R 2 0.000 01 B 3K 15
BIF VIR ¥ iR 22 0.081 7.

2.3.4 BAKIE

kT — 2 5 UE R A Y AT A O 5 PR ) —
ST %) 5 RO [6] K 43 9 JERE CIERE 50-54) , 76 4 1%
B2 K e 1 I A 43 I, A PR AR SC R T AR ) A IR
JEE 1 R DG T 285 SR . K AR AR 0% 1000 (8 AN S PR M

PEATXF L 25 RN 1T R o

28

1 % i o .
26 —_—— =
24l o % L

L

505 AR RIE 50 SRR I M
R TASTG BB S 1S BRI
S 2217 eSS MONTUIE 52 B
R P OS3SIRARRUI o535 R B
Koob 54 SHAERIME  —54 SRR

P
+—4 + 3 —————a

18 'RX:—_‘Q,—:XWX———x

A
—————
2 —

-
5.0 7.5 10.0 12.5 15.0 17.5 20.0
KA /mL

E1l SMEHRSEXESHUNENERTLL

Fig. 11  Comparison of ash contents of five coal samples between

the true values and the predicted values
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