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DEL-YOLO : Low-illumination lightweight object detection for
conveyor belts in coal mines

Guo Jiahu He Lei

(School of Electrical and Information Engineering, Anhui University of Science and Technology, Huainan 23200, China)

Abstract: Addressing the key issues in coal mine underground environments, such as poor imaging quality under low illumination, high
miss-detection rates for small-scale foreign objects, and feature information loss caused by object occlusion, this paper proposes a low-
illumination lightweight foreign object detection model, DEL-YOLO, based on YOLOv11s. Firstly, in the image preprocessing stage, the
Contrast-Limited Adaptive Histogram Equalization algorithm is introduced to enhance the detailed features of low-illumination images,
effectively improving the visibility of foreign objects in dark areas. Secondly, at the network architecture level, an innovative feature
extraction module, DE-Block, is designed, and a DE-C3K2 module is constructed to extract features from foreign objects with irregular
shapes and overlapping occlusions. Furthermore, a feature fusion module, EFC, is embedded in the neck network, which suppresses
redundant feature fusion through an interlayer feature correlation enhancement mechanism while strengthening the feature representation
capability for small objects. Finally, a lightweight detection head, L-Detect, is designed, which achieves parameter compression through
a neck feature sharing strategy. Experimental results show that DEL-YOLO achieves an average detection accuracy of 80. 8%. Compared
with YOLOv11, it improves the average precision rate by 4. 9%, reduces the computational load by 40. 74% , and decreases the number
of parameters by 41.75% , with a model size of only 6.45 MB. While significantly reducing complexity, the improved model can still
effectively address the issues of small object miss-detection and occluded object detection in the complex low-illumination environments of
coal mines.
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Fig. 1 DEL-YOLO algorithm model
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Table 1 Evaluation results of image definition

RS Entropy Brenner
[ 2(a) 5.71 9 845
B 2(b) 7.42 12 356

1.2 G4 ERBUEER DE-C3K2

5 G B R [ 19, IF B R R EMR I RRE( B
TR, U, FEAL BN RN AR B S i, A B AR
FIRCR AN BAR A, ML Z R, W AT B FE T 5]
AR 222 S50, Fe i B AR 2 [B) L EA 7000, DA T g
i R % MR AR R h i R B AR, eAh, IR B AT
H ARSI 3 A v il 3 2 AL, BE S LR TR B i ¢
B EAEES , BB HE — A0 3 i 155 0 0T 308 4 5 1 44
WaeS, Hit, Z2 AR B EMA {38 S HLH )R
K X TFICARASHE ) 53 9 L K50 4 S 400 38 124 155 o 7™ 7 46
[a) @, Xt JR A5 /%) Bottleneck #5 &t #F 17 ot 7k, 1% 31 ) DE-
Block FFAESEHUSIHE  anl&l 3 FioR

ALY DE-Block A5 838 1 5| AR AR JE 4 R
AR BSZ BP R B SR iR AR R, 51 EMA 3 F 4L
Tl A 8 3 8550 T AR AT S T R A S B DX sl e 7, PR A
SRR TR B AR AR ), B, A R &)
UGG FRZ BRI R E ; B S R AE Bl i A EMA 3 5
BIL 388 3 20 A AT 3 T 5 A B DXl 1 i 107, 490 1) 4%
G 0 FRE Lt 58 )2 G, Al m i



©292 . S 1[I I IV = 3

13 DE-Block FFAFHEHUIER
Fig. 3 DE-Block feature extraction module
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Table 3 Feature extraction module comparison results

sl P R mAP@0.5 Params/(x10°%)
YOLOvlls 0.732  0.754 0.759 9.45
+C3K2_EMA 0.752  0.751 0.774 9.38
+C3K2_DCN 0.774  0.763 0.776 9.61
+DE-C3K2 0.778  0.798 0.786 9.33

FEE 2 I, 76 JRLA AR YOLOvIT Hiin A C3K2_
EMA 2 J& A58 5 A% 1 R L A R A T 2. 0%
PISFRAR T 0.3%, S8 FRET 0.7%., A C3K2_
DCN ZJ& B ARG iR BT T 4.2%, BRI & T
0.9% , 2% L FH T 1.6%, il A DE-C3K2 itk > f5 |
BT FRPRGHE R DL e A DR A2 5 T 4. 6% DL K 4. 4%,
mAP@O. 55 T 1.7%, 8= TR T 1.2%, £ L]
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5, AR 4 PR,

F4 BHERMEEHITELINER

Table 4 Feature fusion module comparison results

F R P R mAP@0.5  Params/(x10°)
YOLOvils  0.732  0.754 0.759 9.45
+BiFPN 0.746  0.768 0. 780 9.45
+ASFF 0.752  0.781 0. 791 11.56
+EFC 0.771  0.784 0. 788 8.15

HH 3R 3 ALHN, AR SRR AL i A BiFPN B2 5 5
RURG i RS PR S T 1. 4% ,mAP@0. 5 4815 T
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mAP@O0. 5 #2151 2. 9% , S8 AL T 13. 7%, XF L5
IS FBH AU AR EFC R Fil A B B 7 DR 5 119
B 23R 1 [ B — S PR Bl T AR g S5

3) BRGNSk L-Detect X L 525

RIAERT DA $2 2 ek T sk L-Detect WA B, A
SCLA YOLOv1 1s Sk, i) L J5 A o 4 0 Sk 45 4 ol 3l 2%
K=k Dyhead DA R4 5 2 W Sk L-Detect #E 47 XT [t 5%
5, SCIZERIE S iR,

x5 HRNLITEELWER
Table 5 Comparative experimental

results of detection heads

il P R mAP@O0.5  Params/(x10%)
YOLOvI1s 0.732  0.754 0.759 9.45
+Dyhead 0.740  0.752 0.765 8.21
+L-Detect 0.750  0.761 0.772 7.42

1326 5 "I, L-Detect K503k ) mAP@ 0. 5 K5 2% |
BIF5HR 77. 2% 75. 0% . 76. 1% , ¥ Ry el , S 44
5 YOLOVI A Sk A FERAR T 21, 5%, SEHR 25 54k
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TERRAEA 5N R — B9 AT T, ¥ DEL-
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Fig. 9 Comparison diagram of PR curves for the

model before and after improvement
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Table 6 Comparative experimental results

of different algorithms

Params/ N4 FRIL KN/
T mAP@0. 5
(x10%) GFLOPs MB
RT-DETR 0. 742 28. 65 41.53 36.75
YOLOv3-tiny  0.738 8. 60 13.90 10.78
YOLOv5s 0. 749 7.02 15. 80 14.56
YOLOv7-tiny  0.754 6.24 13.52 11.56
YOLOv8s 0.752 11.2 22. 80 21.45
YOLOv11s 0.759 9.45 21.70 18.21
CHik[ 15] 0.772 6.78 14. 62 10. 36
CHik[ 22] 0.785 6.85 17.82 11.12
DEL-YOLO  0.808 5. 60 12. 64 6.45
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Fig. 10  The detection results of different detection algorithm
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