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Abstract: There are various defect structures, including cracks_angd pores, in coal and rock masses, which have a
decisive impact on the occurrence and migration of cgalbed ‘methane. At the same time, the instability and
destruction of coal rock structures are closely related to tHecltanges and expansion of coal rock pore and crack
structures, leading to mining dynamic disasters. <] herefore; conducting relevant analysis on coal rock crack
identification is of great practical significance for $tydyingsthe migration law of coal seam gas and the stability of
surrounding rock. The models proposed in latest stadies for improving the identification accuracy of internal
cracks in coal and rock masses still have the following shortcomings: (1) the impact of noise interference in CT
images on model performance is ofted gverlopked. (2) The potential loss of small crack features during
downsampling and the insufficient fusion/of multi-layer features during upsampling have not received sufficient
attention. (3) The rich differenees, within_the crack categories have not been fully considered. To address the
challenge of accurately identifying/miicrocrack in CT scan images of coal and rock, this study proposes a crack
segmentation model basg®, on explicit visual prompting for coal and rock CT images (EViP-CTCrack) by
reorganizing the conyglution kernel, downsampling and upsampling processes, and classifier functions. This
model effectively filters\gut™noise interference and enhances its ability to capture key details of cracks by
introducing an gxplicit yisual cue generator. By improving the downsampling and upsampling strategies,
preserving small efagksfeatures and enhancing multi-scale feature fusion capabilities, the segmentation accuracy
of the model is improved. By using a multi representative vector classifier, the internal differences of crack
categories can be fully described to improve the generalization ability of the model. The main results show that (1)
the crack segmentation model EViP-CTCrack mainly consists of residual mixed connection convolution module,
cross attention upsampling module, multi representative vector classifier, and explicit visual prompt generator
module, which can effectively improve the shortcomings of existing models in noise interference, feature loss, and
crack category difference description, significantly enhancing the robustness and generalization ability of the
model. (2) This study proposes a high-quality coal and rock CT image dataset, CTRock, and conducts comparison
and ablation study on CTRock to verify the effectiveness of the targeted design. The algorithm is validated by the
proposed CTRock dataset. The average intersection to union ratio and accuracy of EViP-CTCrack on the CTRock
dataset reaches 88.1% and 94.4%, respectively, achieving good crack segmentation results. (3) After CT scanning
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of the rock samples collected from Xinjie Coal Mine, EViP-CTCrack is used to identify cracks in all layers of the
reconstructed data slices. A porosity compressive strength equation is established, which can quickly calculate its
uniaxial compressive strength and provide new ideas for the study of coal rock physical and mechanical properties.
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Fig.8 Qualitative results of different methods. White: True Positive; Red: False Negative; Green: False Positive.
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Tablel Quantitative evaluation of different methods on CTRock

Models mloU  IoUg, Precision  Recall
CrackSeg 78.4 59.1 85.4 74.9
CrackNet 81.4 64.8 88.1 76.5

DeepCrack2 82.0 66.9 87.3 78.2
DeepCrackl 83.7 69.1 92.0 80.5
DSM 84.4 70.4 91.2 82.1

HRVit 84.7 70.9 91.3 82.4

CarNet 85.2 71.9 92.1 83.2

FLANet 85.7 72.9 93.4 84.0
UNet2022 86.0 73.6 93.7 84.5
U-HRNet 86.4 74.2 94.0 85.2

EViP- 88.1 77.4 94.4 885
CTCrack

B9 ARETIR-H A2k, HAH T PR (AP) o K 9 Bt g R R 70 1 2 A0 7 [a] 3R
Z BT R &, 33— U T EViP-CTCrack #8EPERE b HSFAr AT E . I 9 AT LLE H,
EViP-CTCrack BRI FEAN A A [0l 2K N IREF RS RS2, JLOAP JHIA S T 94.4%, B2 & T HAh
BiRY , 1X K B EViP-CTCrack #5884 7E 2L RR IR AT 55 MY BE8% i ol Ze i iR 0 LR, - [R] I R PR R4 11
FEHIR, D TARHEI T RENE . KRR RS T4 /3 EVIP-CTCrack R {ESLFrM R B A3, B 104
BT AFHEBRER K CT BG =4t EM K. M 00 LA 1, EViP-CTCrack #EA7E = 4 5 i) B
% S HERf L SR BRI A A FUERS, R BB 7 AR A b it 7 BE TSR (e SCRE . AR Y )
FE S S R 2 I S 0 AT 1O 2 B0 A5 I S iR, I R 2 S ok A D BE 24V BT (R HE R VA
[Kltk, EViP-CTCrack 158 7E = 4 844 1 (R I = BGE B 7 AR R BUR BT 55 TR A e i . 19 28 T 0
PR 28 G5 M R TR, A SCHRHE ) EVIP-CTCrack PEAY R I H I AR RICR, X SE A B T RS AT 70 5 41 11
VBRSSP

1.0 —— —
0.8 -
< »JAP=0.847]CrackSeg
N [AP=0.871]CrackNet
€ D07 [AP=0.866]DeepCrack?
5 —— [AP=0.920]DeepCrack]1
™ [AP=0.909]DSM
& 0.4+ [AP=0.907]HR Vit
—— [AP=0.911]CarNet
——— [AP=0.921]FLANet
024 | [AP=0.925]UNet2022
~ [AP=0.930]U-HRNet
~ [AP=0.944]EViP-CTCrack
0-0 T T T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Recall
B 9 AR RS it R - 13 (1] 2R i 2

Fig.9 Precision-Recall curves of different models
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Fig.10 Comparison of different methods for 3D reconstructed crack results baseddon 209-CT.images of the coal rock. White: True Positive;Red: False Negative;

Green: Ealse/Positiye:
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Table2 Quantitative evaluation of different methods on CTRock

Methods mloU 10U crack
Res2Net 87.5 76.2
Mdules DWConv 86.8 75.0
ERMConv 87.5 76.3
RMConv 88.1 77.4
Downsample no attention 86.5 74.4
Upsample no JAU 86.2 74.1
K=1 87.1 75.4
Classifier prototype(K=10) 86.1 73.6
MRV (K=10) 88.1 77.4
Prompt no prompt 83.2 67.9
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Fig.13 CT scan reconstructed images of the core: (a) Cross-section; (b) Longitudinal section.
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Fig.14 Crack Identification Results: (a) Cross-section; (b) Longitudinal section.
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Fig.16 Distribution of pore-crack area proportion along the height0f.the specimen.
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Fig.17 Ceorrelation between porosity, uniaxial compressive strength, and elastic modulus
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