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Abstract: Traditional image processing methods or machine learning approaches for addressing crack detec-
tion problems typically cater to specific scenarios. As the scene changes, the detection accuracy of such me-
thods is significantly affected, lacking robustness across multiple application scenarios. To adapt to diverse
application contexts, improvements have been made upon the original crack detection method, CrackFormer,
leading to the proposal of a detection approach based on the Gaussian Scale Mixture (GSM) model, known
as GSM-CrackFormer. Firstly, a Gaussian Scale Mixture model is constructed to describe Gaussian distribu-
tions related to crack features. Subsequently, a signal transformer is designed, incorporating a gating me-
chanism to convert crack feature information generated by the distributions into guiding signals for enhanc-
ing semantic features. Additionally, a novel up-down sampling strategy is introduced to further balance the
relationship between model receptive fields and its capability to capture detailed features. By adjusting the
loss function, the imbalance issue between crack and non-crack pixels is effectively mitigated. Finally, we

conduct experiments on the CrackSeg9k dataset to evaluate the performance of our proposed method. Our
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experimental results demonstrate that GSM-CrackFormer outperforms the methods compared in the paper,

achieving a global best (ODS) of 0.784, a monograph best (OIS) of 0.785, and a mean intersection ratio

(MIoU) of 0.828.
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20 0.784 5 0.785 6 0.818 2
18 0.7853 0.781 6 0.8113
16 0.781 1 0.783 6 0.801 6
14 0.779 6 0.780 6 0.808 7
12 0.774 1 0.775 6 0.788 8
10 0.770 3 0.771 0 0.791 2

8 0.761 3 0.765 3 0.783 2

. HERRRAE.

F2 Aper =1 B Agep I BUE B 25 RAT L

Apc ODS OIS MloU
14 0.767 1 0.770 8 0.793 9
12 0.774 4 0.775 9 0.806 2
10 0.780 9 0.781 17 0.8123

8 0.781 1 0.782 6 0.812 9
6 0.784 5 0.785 6 0.818 2
4 0.783 3 0.784 6 0.814 3
2 0.780 1 0.781 7 0.810 6

T MRS (.
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3.5 XIEEsEiE

BEHC 5 B )5 i AT X SR, Al 2
Canny[é], RCF™, DeepCrackm], CrackFormer!'®! 1
SegCrack9k™! |- RHU I HYFEHERLAY DeepLabV3l”
(3 DINOP B L Bh 21 iURRAE1&]). b, Canny
e MR G IR RCF 25T VGGI6 it
r¥h e, 38 7E B B B AR BURRAE B 9 64T 2 By
B & 52 i 27K DeepCrack & SegNet #5271 1y
¥, CrackFormer J&— it i T 4000 25 S 4% K60 )
ik, R -GN b RIS M

DeepLabV3 Ui Fif ResNet-101 1 4y Fi3)I| 245 5.

6 Fh )77 CrackSeg9k AUiigE b iy SLu 4k B
ik 3 s, aTLAE H, GSM-CrackFormer J7 %41
TR H 7, ODS il OIS $54R4x S B IR T} T 24
0.06, MIoU #2717 £ 0.047. 6 F )5 7% %} CrackSeg9k

[
[
ANE=SIREN

b. Ground Truth

[ -I;-

a. MBLEA

AR 10 Mg HpENLURAE R T EES R A 6
fiiox. E 6 ] LIA i, Canny A1 RCF iX 2 i
G iR TE G AR 2 F B— HLAON G BB 5
SUE L N A b, RIESF, (AR ENES |
SI~55 8 FIMIIH FEE P RIIRE, 5

£ 3 6 #5E%E CrackSegok #iEE FRYE RN

Jr ik ODS OIS MiloU ZE¥&E FLOPs
Canny!® 0.0815 0.1024 0.4809
RCF™! 0.3264 0.3553 0.5545 15.6M 187.9G
DeepCrack!?”) 0.3405 0.4426 0.5758 35.8M 468.6G
CrackFormer!'®) 0.7412 0.7435 0.7955  8.2M 128.3G
DeepLabV3E" 0.7234 0.7256 0.7716 138.6M 560.9G

GSM-CrackFormer 0.7845 0.7856 0.8182 10.5M 207.6G

TE. MR R IE.

c. Canny'®

d. DeepCrack (27

Nll='Hi

e. RCF?)

=R

f. DeepLabV3 (301

g. CrackFormer!'®

1

h. GSM-CrackFormer

Kl 6 6 fr At CrackSeg9k BUIE4E [ Y TN &5
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Canny F1 RCF J5¥54f L, Deepcrack, DeepLabV3 1
CrackFormer iX 3 i FH T 43 %1 vh 19 7 LG B A0 I
GSM-CrackFormer J5 ¥ [fi X} 1R & 19 1 FH 37 5 3R A5
25 SLARAR 35 T LIV 3 2442 1% Ground Truth, [W]R X}
T2 2 50 s iR AR 44 1 TP B9 DB, B
T CrackFormer fll GSM-CrackFormer J7 %4, H4x
J7 R IR 2

S 25 R W, GSM-CrackFormer J7 3245 F X}
Fers, fudG HAGZE CrackSeg9k Audiife [ R H i
Uy 5 k.

3.6 HREASCIE

#E— 4, 1 CrackSeg9k®!, CrackTree2601"
CrackLS315P7 A1 Stone33 128 4k b k47 71 i 2
55, B UEABIE B3 25 A0 O VR LS E.

(1) 7E CrackSeg9k A4k FHUSZI 4 RE 4
FiR. 19k GSM-Mask Fl GSM-Del i% 2 Mtk
A YINZR, FRAE S 50 77 vk (R AR GSM), 1] LA
% i, ODS 4 0.721 2, OIS 4 0.721 5, FWLBS
X2 AMEHAE Rl ST T vk, LR T B R ER 4
Frik. SRIG RS CrackFormer J5 ik, 23w T
R LR ORFERE R . K R L TSI GSM
e, afLLH H, GSM-CrackFormer J5 % 344546
I 7 3 B v RAE ZLAE FR AR R 0 AT k. Hor,
GSM #i 52 E 4 CrackFormer #5%1, 7£ ODS I
OIS F#I% T CrackFormer 73537145 0.022 4,
0.026. FABBGH WA AN B4R T, 51 ALEH
HRERAGMWAEEN TR E, o587
0.0169 F1 0.0197, BH#fi Lk fE, T2
0.012 9 F10.014 8.

% 4 CrackSeg9k ##E5E FAYERLSCIGXTEE

Ik iﬁgg T%E GSM  ODS OIS
GSM x x V07212 07215
\/ x x 07581 0.7632
x y x 0.7541 0.7583
CrackFormer v v X 0.7675 0.768 2
x x 0.7636 0.769 5
y y 0.7845 0.7856

(2) 7EHHE4E CrackTree260, CrackLS315 Fi
Stone331 bRy LERNE 5 Fx. ATLIAEH,
GSM-CrackFormer Jyik7ER (i 4E CrackTree260 i
Stone331 YR PLME LT CrackFormer J5ik, {HAEA
M F LT HABXS L7k, 1Ak, T CrackSeg9k %k
PRAEAE—E R L ATLA CrackTree260, CrackLS315

Al Stone331 iX 3 HEHREMRE, I T A FRIUE
GSM-CrackFormer 5 R00 S5 M e et BeE
YT b A7l A S B 0 R SRR AR, X PT A 2 5 PEAG RY
Tk T TR RS RPLREE B 34
K5 B AR G D7 2 ok i A ) B0 BE HL R R A
CrackSeg9k HU#afE, XAEA B T4 K0 H 530
i, 4625 LB 7 12k B I 2 (0 RR AR T Jin 22 B
b, [R) B BN &2 A (7 #E — 2 LBl i) T4 18D,
MR AR PR RS, 328, ST H oy 2ot i A
FEA RSF AR, 43 500 % 1 5 48 1 RS R SF 47
VAR, fedn, AT T 5 RS, AL REGX S R
S SERIE. W LUE H, GSM-CrackFormer s
ZHAREL AR, BRI TR 1%~4%; 1
HoAt X b T vk A5 ) ARG DI R ARl T R %, e
HJE RCF 77k, 54 F7E Stone331 FdE4E Il %%
HE A1 0 F IRA5F8 R4 L, 7E Stone331 %¥
B ryFebs TR Z, Hi, ODS TREZ 22%, OIS

®5 4AMFEAEINMESE LRHERSIIE

Kot di Jrik OoDS 018
RCF™®! 0.8571  0.8633
DeepCrack!®”! 0.8521  0.8642
CrackFormer!'®! 0.8814 0.8835

GSM-CrackFormer 0.8758 0.873 4
CrackTree260

RCF? 0.7426  0.7521
DeepCrack " 0.7156  0.734 1
CrackFormer ' 0.8051  0.8123

GSM-CrackFormer” 0.8561 0.8612

RCF™ 0.7861 08103
DeepCrack!®”! 0.7806  0.807 9
CrackFormer!'®! 0.8514 08615
GSM-CrackFormer 0.868 1 0.8749
CrackLS315
RCF'™ 0.7012  0.742 6
DeepCrack ") 0.6952  0.7317
CrackFormer' ¥ 0.756 8  0.7659
GSM-CrackFormer” 0.8152  0.8352
RCF™ 0.7886 08156
DeepCrack!®”! 0.8563  0.8766
CrackFormer!®! 0.879 9 0.883 3
GSM-CrackFormer 0.861 2 0.876 4
Stone331 RCF'™ 0.6120  0.6812
DeepCrack " 0.7682  0.779 8
CrackFormer'®! 0.7909  0.8002

GSM-CrackFormer” 0.823 6 0.834 8
. MRS RARE, *5 R Z 4R CrackSeg9k.
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TREZ) 16%, X A] e 51207 A BEIE A I A7 44
P E| F£ 4535 %, DeepCrack 1 CrackFormer
Tr A A BT 10% 0 TR, SCIRZE R, g
ARG B2 A S & e M FE %, GSM-CrackFormer
D7 AT B A 2R AL S 1 2L A8 R A A

4 2 &

GSM-CrackFormer J7 ik )T 5 7E1E N 2+
e sk 5. AT GSM Bk g T
GSM-Mask #ide, %8 BE 5 A= B0 T 248 FRAE
B v BT A A, O AR I vk B AT S e A A
TR R, GSM BRI R K 2 AL FE T E REE 1E
BAEE A LA, B an gt e a
) M R R R 2 0T A B 2R ) 2 AN HRE. R,
GSM-CrackFormer J5 ¥ R % 42 BT in =4 & 1y KR
FEAE, (AR AR Z X L s e . A, A
SCRM T TTEALE B E 5 FeAE BB GSM-Del,
B B v 3o AR AR R B A R AR B AL R B Ik i 2 Ak
W RE 48 255, X — I B A AE 3
5O A B R MR R, S AT REHL AN T T MR &
PRAOFIAIFAE. B, GSM-CrackFormer J7 V& 75
JERZLIBE K I )7 CrackFormer [3EAE F HEAT ol ik
f). CrackFormer Jj A 42— AR RM
Ik, ARSCGHE TG BT OREE R 0 DL RN 7 ik
A REAETE A 405 5 R 1 BB, R ST 48 1 451 2K bRy
B, #E—L 5| SIrIE AR TR OGS X, AT
THERMAEENGE ). LR REKY, &
CrackSeg9k %i#E%E [, GSM-CrackFormer J5i%H)
ODS  0.784 5, OIS >4 0.785 6, MIoU & 0.818 2,
Yo Ak % e Ry A I vk

SHEERTEAMLL, R4 GSM-CrackFormer
JrEBERETE CrackSeg9k BUHR4E ik £ 175
TR B A, N AR A T ik — A B A TR
G, AR TR 0 IR 1 3 5, RS IR A T 4
sy BEAh, IEMNSER 3 PR, %0789 FLOPs if 245
i, T AN T — S B A R A RS B g i A
KRGHE. KK, B-FAMA LIRS E, Jf

S AR Y W 3 5 (O TRl AS ), ik — 25
B AN, HfER APt A A T
YERY A
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