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RESEARCH AND IMPLEMENTATION OF MASONRY
WALL CRACK DETECTION TECHNOLOGY BASED ON
DEEP LEARNING

ABSTRACT

In the field of building construction, the crack detection of masonry
wall is a key link that determines the quality of construction. Limited by
the cost, enterprises generally adopt the result control rather than the
whole process control, so it is inevitable that defective products will be
produced in the production process, and the destruction and remaking of
them will lead to the waste of resources. In addition, wall cracks affect
the thermal insulation and sound insulation performance of buildings, and
may also lead to public misjudgment of structural stability, causing safety
concerns. The application of deep learning technology to crack detection
of masonry walls can reduce control costs and improve the yield of
finished products, but there are still several challenges, such as: lack of
data set collected at the construction site; The general model is not

suitable for the crack defect detection of masonry walls. There is no good
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balance between the number of model parameters and the detection
accuracy. The detection model deployed on the mobile terminal must
meet the real-time detection requirements. In order to make the deep
learning method applied in the field of masonry wall crack detection in
engineering practice, this paper has carried out the research and
implementation of masonry wall crack detection technology in view of
the above challenges. The main research work includes the following
aspects:

(1) The data collection and data set construction are completed, and
the target detection model for masonry wall cracks is designed. In order
to ensure the practicality of the model, through cooperation with
well-known construction enterprises, the crack data of masonry walls at
the construction site was collected, and the crack location information
that did not meet the building code was screened and labeled, so as to
construct a high-quality data set. Based on YOLOX algorithm, firstly,
CBAM attention mechanism is introduced into the backbone network to
improve the model's attention to the brick region. Secondly, after the
HEAD part, a linear weighted Soft-NMS is used to deal with the problem
of overlapping cracks in masonry walls. This model can effectively
improve the accuracy of crack detection, reduce false detection and
missing detection, and effectively adapt to the problem of crack detection

of masonry walls.
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(2) A lightweight wall crack detection model is designed to optimize
the model parameters and reduce the number of parameters, so that it can
adapt to the edge equipment with low computing power. Firstly, it
introduces the GhostBottleneck module to improve the backbone network.
This module reduces the number of model parameters and computational
complexity, and can still extract effective feature representations to
achieve a balance between the number of parameters and detection
accuracy. Secondly, the NECK part of the PaNet is improved to BIFPN,
through this mechanism to achieve feature fusion, further improve the
feature representation ability, thus effectively improving the accuracy of
the model. The experimental results show that the proposed overall
lightweight strategy is very effective, and the number of network
parameters after optimization is reduced by 62.43% compared with the
total number of parameters in the original model. At the same time,
because BIFPN has a bidirectional weighting strategy, it can better
integrate features of different sizes, so the detection accuracy of the
model is increased by 1.52%.

(3) The crack detection system of masonry wall based on web is
developed to promote the industrialization application of the model. In
order to provide a user-friendly visual system that can be deployed on
mobile terminal for engineers and technicians to meet the requirements of

real-time detection in process control, the model is deployed on the Web



side through Flask framework and HTML. Firstly, HTML is used to
design the user interface including registration, login and function
selection. Flask library is introduced into PyCharm to instantiate the
application and set the route to achieve page interaction. Users can obtain
the detection results through the browser in real time. Secondly, the
database design of the server side is completed, and the data is saved on
the server side, which realizes the complete function of data acquisition,

detection and finally saving.

KEY WORDS: deep learning, object detection, masonry wall cracks,

lightweight networking, web deployment
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A5 6270 A BRAC 3, AR ARA A R 22 S 1 5 0 EAR TR R 5 e
FHIR L 2 S BOR AT R o

132 KRXHIETRHE

AR FEAT LA .

BB . AR E SN TIRE S S ISR R AR I R I T 55
AN SCHEAT 1R o Lk, R 13l H H b A I AT ) 3 5 24 4% B Aoer U0 PR w7k 7 B
R, RIS Z 28 1 2 R TR P 25 ST B SR 2 S A AR 1) B W e T R AL, %
VYPRAFAER) — L o) UBEAT T 0o Be)m, S8 1A SCI 3220 78 N 3 LA S E
B L

R BATR SR A B, AR BEIATR BG4 M4 H
WZRd R, LA B ARl s FH ) B AR SR SR B il . LR 1 = — By
B A ARSI S0 0 SR B s 4 A, R 0 1 AN SRR RS g . AR R A
1 H T AR R SR R A AT ZRI SR A S B R R, I B2 M AT
T IR R AR RE SR M BE 0 AT . BRJEVEAIT A T I Soft-NMS 592
JEEPLRE 5

B TR AL IS REE B bs i L. B %G, ik T YOLOX
AR AL AN AR B K, VEARHEIR T 1E YOLOX Sk N EE /1Ml
il Ay e A e, B RN T B AN R 7 BT SR AT SRR A, R T B
PUor setAT ik, [R5 HAt U HLHIREAT 1 sedexs b, B8AIE 1 SO RER 1R
FHAL; Z JEH R A NMS S0 Soft-NMS BVEREAT X LL 5256 40 4, k%5
INA /N Soft-NMS &R iR et LI B AR EENR A 55, WY
T SEE P F AERIREA A, LR T oP AR MR RE I v b )i, 8T
B B0t i W SRIRAE W SR SR H R AR L3 AT T R S0 0 5 R SR AR R (i 2k
HESLVE) AT H A b SEge:, i A SO A R, IR S A5
SIRRMCR XL, s 1 S Sk AR IS EEA R B ot .

FIE: BRSNS R H Al 5k . A5 =2 h it T mshess
K%, ABRAMAFAEENES B KA E I i A, R 1 — i
RI7% . FIH GhostBottleneck 45 FIK Ut T M 2%, X AF A R 1 M 4%



SRR TR, B, WAINE T NECK BB odh s ms, 5@ 8
A XA AL ) BIFPN A5 it YOLOX Ji 7 20 {7 B 28 74 B N ) PaNet
B, DLRDO T W 2% 42 B0 B RS AERE N BRI R, B S5 0 B A R
MGERIBEAT T RN A B, TR 1SS BB AN Zad A, DA ORI
FEAETERTRT . BRJ5, EIE— R AV RS AT F S, SR TR
TRAERY) S 55 ZLEEAT AT 55 Hh 8 B A SR PR AT R

BT AFETTFRMNHE T ISR LE B ARl RS Web il . H 5L,
AT RS Web sl Z BTk F oK, B IR R G RE NS A SO AL M 248 IR g 47 JF
P PRGBSI . WS, TRARIIR T AR B AR U I i s 5 g 4
AT, DL RGN AR TARREE, B3N b EUR RIS A AL B, 7
FIPRAG IS5 Rk A1 25 ] P i B . B, AR EEXS Web S f) FH P 5 Bt R 4T
TR, BRI T AR R BRI R AR A, DU P AR B fa b AL A
IEMNEE . &5, @l — RN RFBTMR, BIE T ZRGE ST
TR, FEMIR T HAESEBR R T 1 5 PR AN AT SE 0 o I a4 SRR T R G
B RN, R T RAELREH SRR R, kT LR TR AR
N UE R 27 SR 8, HES) 1 BRI AL

BNE: RES SR, L8 TR RIS B bR aiss, BALGE
i Web 3 ¥ E SLILA R G BT 5 SE it R, SR T I L BT R A AT ) ) BT
LR A BEJE, 8T 7oA A R 2 AL, TR T AR 7T
77 1A PRI T AT SE A R G w] BE I Pk A, g I s B A S L RS
TSR 5 K RGRHBIEH . [, f8l 7RG Reigie, A K
SO HE R o IR | W B8 2 (W S SR AT S AR SR B A SR AR DA
N A 2B SR S B AR Vg Rl 45, 9 JE SRR AT AR T 7 1] .



F2E EXREBRSHENE

2.1 RERZ ML

WIEMA ML (DNN) &Ml 2 22 e A s, 0 B8 2
T2 2 ARG AR 2 S NBE (0 B 8RR ). M S5 BRI Z | B2
g2, Hordi N2 BSUR GEE, BREZ 8 I 5 S) Bis 1 = 2 R R
By N PR 38 B ol G 7 ) T 2 A e 246 P TR B 4 2R 45 SR i 1) % 4 2
5L AN N I s AR ST, e A I 5 e T A R s B P AR
e, FEE I BOE BRI N AR A . B LIS B3 Sigmoid. ReLU A Tanh¢]
o RIS )R A R, T AR O R RO 4 SR RE
SR A3 VR FE TR e S DA BV R B S 070 TR FE 5 SRR ()1 0 5 1 B K
PRAE AR« AR A S AN TR 2 g T 81, G — ol R AR R 47 2 ) o A\ S
(I RS IE, B X s 12 AL R

2.2 FREMEMKZIINZTIE

TR BEA 22 I 28 Y2 TR 2 ST AU 86 B oR L[ M 6. DNN (Il R 72 2
BRI RO Ik B = PERE D OGS IR, e B 2 AR, i 2-1 Fw.
B, BAETUAE R RS A RN B, RGBSR A e Ak AL AT
SEBRIT, DU T L b 3 RO (¥ 75 5K o B TOUAL R ¥ H 02 D R | Ab HR R
B, FEEARIATIH 1k,  DURAORASE Y Rl 5 B G M B A0 25 S B4 000, 2ok
R Z [ 2% (Convolutional Neural Networks, &% CNN) HFEHEBUR I Zkit
PR — /NP IR . CNN J&—Fh % 17 T Ab 22 UG B0 ) b 22 X 2% 25 1
I I AR E AN E RS EUENG  E ARFAER Y XSS RFAE XS T S5 2R 1 43 AN =]
ATRINAT S5 2 0 B 22, RN EATTRE 8 55 B A R R AN LS R RS R . 7
REE BRI 5, R TR BEREAT 4 R0 R T o 7322 Fie i N\ B 43 T 30 99
SCEIZR I 17 e = FoTm) D0 = RO R AR 5515, T BT 55 08 i 4 R
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JE RO PR S E, AERE 4R U A B 2 e X B R ), B, BROR R

) 52 SRR FE A 53 — A L ERY . 4575 R 550 T i B R 20 () i &8 SR 5 s

PRS2 THV 2 5 B DL FRDAB O PR R B 28 SUIRR R AR 7 AR 22 40 0 55 o Tl Fe /s

e, AR DAL B B S5, DA AR i At gEl4.
{w%wﬁa,@w}

ZIRHCONO

A 4

( U s

~ s

PR+ J

A 4
-

I Y [ (247 2R AT T

Pl

k5B .

& NETSre
S R A ; HEI 2 2
i | ] HA7

K 2-1 RS BRI ZRifiiRe

FER RGN ) 5N, udt YOLOX AL ST i) 555 248 1) H A
Rl & — AN BAPRERNERIAT S5 . YOLOX A58 — Pk T-VR B2 2% 2J ¥ H A e I
1%, BT DASE IS RS AN E AL R T R . O TR SR I AERA I, TR\ TR
DNN HlIZRid FE /e R B . IR FE YOLOX A, wf DUBH X i) Hids 4 4%
RS RUBEAT E LI B0t o X AT RS S RE R 4 G L ARG s R L ik
PR RS o WA SR i, AR A n] DUE a3t S W SRR G2 R IR, A
1132 e A Al (0 e fr A S e

2.2.1 BIRTALIE

BHE AL PR S PR S 5 2] i R — 3, B A A P Re . X T3
EREERI, BE P B ORRE. BV priEt AR og . SRR, Ik
B RGN DB IR AR R BB, IR RS AR A, DAB R AR
RENS S 2 2 FEVE U RFAESS), JE Ve RE Ry 7 KRR A AR 8 AR, A DR A\ 080 1)
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Joi R o AR HEA AR A B TR B e o A ) T B R SRR Re e
Vo Bt g nmimd ek . B . AEEE SESe R R R AR S, AL
2 AV B 70500 B 58 (0 A% O 1 Tl Ji s PR St 22 AR ke 77 AR A 1 B
Ve, DL FEEBIRE. EARRF, GRSt 7 LT JUR AR SR Edok AT
KR 5 K BT BRI G5 VI8 S BG4 T K ST RN 3 L I R e R4
IFEAI ZRENE s 400 0I5 Lo BOR s /N MR, B ORAC B S 10 B DR R IR
ARIKTEL: . KT IEE T EBESEE, DIER AR R AT B A
O X8 HSV A% @ o BRI (Hue) « MRIEE (Saturation) FIH
B (Value) , #t— D358l i 2 R
i 2-2 (a) fow, KA T U, T 2-2 (b) IR T HSV 2R # R
Ro KETVEACOEIN T HARER AR, Wike TR, AT RAB N
G-V
JLAT 2L

JE KT B E VN R
(a)

HSVAZHL

SR X HE AR AL SN
(b)
Kl 2-2 JUTFT HSV A8 fe
LR BRI ok, A S B G 9E 07k, X CutMixB7E S 1 5 A
BEAT T ¥R o AEFH DY SKRAN R B 1, G I B AL B fE A AR, R I HEAT R
TEEA LI 4T85 , TRCEAE — K R BRI PUAN RIR N o XA 772 B0 fAE T RERS &
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EWIMBAR 2R, FOAEAMUAS T AR EIG, Sl gl d 1w
SO, WK 2-3 I AL By C D IXDUIEEHEEEAT T8I 4, DUiRE 3
SR T B Ey Fy G He SAEME @i f ab 315 i DY i MR 2H & 18
—RC O, FROREE TGS DY e R RIAE . ] 2-3 iR, Mosaic ] 4
SRASF G EAT PR, 10 CutMix RPHE TPk EME, 380 7 8 &, [F
SESE TR R

Img A Img B Img C

Imgl

& 2-3 Mosaic E4E 1 5%
7F Mixup £ 8 58 7 VAR P B, INRERE A BEALE R IR EIS, Hiesr
52 LU BITR A AR G AR08, B A% 0 BARZ I ZRid #2 vp, BN IE IR (batch) HH [
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LR KGR, KRG —E LB A TR Gk, A2 mul i B H T
k. I HIEHAT R R IR 2R A, 5 EBIRER R, X H 5K EHR AR 25
T EEBIRR S . Blan, Wk —sk BB PREEZE[1,0,0] CRRE T3
H—iKR[0,1,0] GRonjg T3 =3 , ARG G AR #E/2[0.5,0.5,0]. Jf H.
TRE G AR ZE 14 Lo il ie 5 = B LI 3 1Y, EL 0 mT DA T o B 40 M S s A8 4K
Mixup [HRFATE T H B AIA 2k, RS A At B i A Rz Ak Re 70, kb
HMEME .

Mixup 38 1 61 G 57 R I RRE AR SR S 5080 1) 2 e, AT 345 BB 27 3] 3 5
IMEFEMRHER R . BRI ZRd 72 sh A R IR B AR R, B R AR &
(K37 R AT I 2R . Mixup Bb& AT RCR N 2-4 s, B 2-4 EJ7 i AL
K B RIEMGE . B R AR s E

KA K B

Mixup R &

K 2-4 Mixup @& i ZCR B
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2.2.2 CNN 4FE3ZEL

BIBIZNZ (CNND FESRE S ) h 2 N T BB BT % . FERN SRR
FEERIIT, CNN S S4B ME P (0 G SRARFAE, 5 A7) B 407 1t JE2 g AR5 ]
BANE . 8IS BT IE RS CNN A, AT DU 3 5 A 4% 46 B SRR . 1K
GRS W E RS ERENAE, DORET I H S EG H m RE, 5
NZ L CNN W48 4580 F LeNet-511, VGGNet!®Il DarkNet % .

(1) LeNet-5 J&—FhZe SLIFIER BE 2% S BORL, R ABFARE 45 (1 RHRE 2 —,
Wz R T EUGARANG SAT 55 v, JCHAE T B8R U AS 1 2 1 &
Ro B—ZEH 6 MR 5x5 BB A G REAT IR . BIRESE 1M
FUZ e — A P2, @il 2x2 1 X0 T FRFE, BKN 2. HoAEH
ERbAGZE 55— 2R, EEHT 16 NMERE, BB N 5x5.
ZJEHIRB AL K E— B R, AR EIERE, A
120 MG TE. BEER NEE 84 M TS A EERE. &E, —
MEERRE R R, ST 10 NS (B 0 29, BEASEEERT N — 4
20, fEH softmax Bl BT 7025, B 2-5 9 LeNet-5 [f14544) B35 T %
N RS At R

o307 w10

HFFER: 28%28 FHERE: 10%10
HFEAE: 1414

B 2-5 LeNet-5 %45 4514 €]

(2) VGGNet, s&—FiREBRNE ML L5, RS p AT HAR G 45
BT AV T 3x3 M/ R AR, I a5 0 o) 5 0 2 S 4
FHRAL MRS, H WLE) VGG ARE VGG-16 Al VGG-19, 43 A5 16 F119 )2,
FEVIZRM Bt , VGGNet F F 2 ROBE 80 38 s AR KA m BB (132 AL e 7 72U
HPTBL, VGGNet ¥ A& Z N ERE, IR SHEE IR mis Bk,
VGGNet MR ATE T H B KHRFIEREELRE ), BT HIRZ 40, BAYRes % > 5
BINE R RHER R SR, XAk T S HEE BRI SRS, SE0H R BRI
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MR, JCHRAEBA S MEREEAF SIS DL R o 1B 2-6 J9 VGGNet [ 45#: &2
ECE NN E T YA

224 x 224 x 64

112 x 112 x 128

[ convolution+ReLU
- (] max pooling

(] fully nected+ReLU
(] softmax

Kl 2-6 VGGNet [ %% 25 14 €]

(3) Darknet53 52— MR G MNLZE, FEHT Hisf & YOLOV3
Fff) 3= F 2% . Darknet53 & 7ERT— XM 45 Darknet19 LM B R IR, &
FIN T BZEE R, JF HAEH 3x3 BIEREAE T, SR 17 kg
PIRFESE R RE 1R IR T8 1T 3 B . Darknet53 [ 8 &5 10 F M vE, AR 12
HEHES IR MREI WA, Hrb n RRRERREE,
X R BT W 2% 5 2] B 50 8 R IR 7R o W 2-7 s A$E 1 Darknet53
SERI VLS A N A R
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Type Filters Size Output

Convolutional 32 3x3 256x256
Convolutional 64 3x3/2 128x128
Convolutional 32 1x1
1x Convolutional 64 3x3
Residual 128x128
Convolutional 128 3x3/2 64x64
Convolutional 64 1x1
2x Convolutional 128 3x3
Residual 64x64
Convolutional 256 3x3/2 32x32
Convolutional 128 1x1
8x Convolutional 256 3x3
Residual 32x32
Convolutional 512 3x3/2 16x16
Convolutional 256 1x1
8x Convolutional 512 3x3
Residual 16x16
Convolutional 1024 3x3/2 8x8
Convolutional 512 1x1
4x Convolutional 1024 3x3
Residual 8x8
Avgpool Global
Connected 1000
Softmax

K] 2-7 Darknet53 W% 28 458 K

2.2.3 SZEFEYIFM L NMS

IR R, A HEHAT P IOBAE 55 70 MBI T . 2RSS E
FERE R 73 BC BT E USRI R, 30 B S X383 N G AT I B0 i (el
55 TMESRE A% e, a0 o R A AR I RO B L, 98 e A A
TRERAE RN B o IX P IR 55 B P (7] A A 5S04 )
2EE, NEARN RIRHHERTE S

AEAR A AR I HER B~ 1 2-8 B, ARRRAE ] (NMS) & —FiE H Az
Rl SR Tz A R EOR, BRI EE H R LR 2 RILFHE, TS mAs il
[RIRE L AN RCRI, NMS [R5 AR J5 B2 AL T (e i3k SIS 0 iy (O, 285
i 5 A R E B W HAAE . XA RE AT LS AT, ERIBCH 2 IR &
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WAl o BRI, NMS RETSA Rt 2 A6 & 0 [R]— % R = A2
(¥ HE B FHE

brick crack 0.78

K 2-8 AR RE IR E A

2.2.4 LR

P R BEVR 2 S ol B AR R S e B o X T SR e SR g A
D, 457 % o B R I 25 8 AN R AT 55 H RO R R B B0 45 58 IRt
KT AL, VLT R ES R T AR5 . 85 & EE A0k ek B, A
RURT DASE o st o S) AR AE S A, S R AR R PR RE o DUTT & — L% F A 2k
BR8N AR

L1 Loss CPIgZa 1R 22 ) e i & FRAE 5 5 SE A 2 1A) PR S - AR 2 MR
X RO E BB &R, A, BAE 0 AL SR IES:, RS
EJ L SLE L

L2 Loss ()75 72) e & WG 5 T 2 [ R B 0-F J7 A, xS i s
BUR, (HAHECT L1 Loss, ‘BAENULIEE BRI, AT M2,

DIoU Loss:iX /& — AN i FHHE [ VA 18] R 453 2k i 8, B 1 TRHE 5 31
SEHE O U A — AR RS, 6 T AERRORE A (NMS) 1 R b B4R AR I
A LAPEA RS B IGO0 H 1R B B O & M i 45

CloU Loss (Complete IoU) &2 loU B—/ Nt A, 8k s ingE 5 miok
2 FE FRUINAE R L SAE 2 18] i B & AR, DA TN 1) 5 e BRI Hhots iR S

T X HEH7 2% (Cross Entropy Loss) -1 5 5K Fdan i 55 B 28 fan ) RONE 2R 90
AR . s bt 5 W12 A AR R, 58 SORSEAS fe/ME

Focal Loss: & #2410 S5l ATy i) RUHR M ) —Firdid 2% e, a3 0 ox DL
FPEAHIBUE, Yol b 5y 0 FEREAS LB, AT i e AR 0ok /b B0t G g R 12 BE
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5% R A eI R T BAR AR S5 AR R P o AESERR M, AT RE R AR
PSR (0 P e AN EE (0 RF ROIOE R S G IR s B BRAh, Bk s Bl 50k
FE R, Pl MUt R B e, AR 2 H. gl d,
KRB EIEE BB SRR, e TR A S

2.3 HfreNEBIERNEA

F A AS I A T SR UL Uk (1 R BAE 55, 28 S A B B A g (R AR
ZA A bR VF2SEEEITER B 22 SIS 2 A T o F RGNl el e {113 i 5
R 28 EE R AN FRBORHES] 1% TR A Je

2.3.1 YOLO

YOLO &My B AsAill 5, HoZ O AR B AR AL 55 F A0 — A
B 7] &, YOLO M S5t I an i 2-9 BFros, Jeow 1 ose B AN F 4 i #2 . AH
LT PR B B AR 502, YOLO SR A B — 422 I 2% B4 e B R AT HE
W o E MR R 2 A, AN RS SR DT T B8 ) bounding box AIAH B 28
MRS o IXFERI I THE4S YOLO 7536 5 Rl ff 14 2 A1 AT T AR 7 1) P-4 e
o

YOLOV1:YOLO HJZE—AHRAS, # HHs B AR IAE 55 54 9 el U il L, B 1
S R H ARASI .

YOLOV2(YOLO9000): 5| NBE 22 56 3E ) I 28 S5 R AT EOR , SCHF 22 K801 H ke
W, 3RTE T RIERE

YOLOV3:i#t— et s 4548, 5INT 2 REEFHERES, &5 1 X5/ B AR
R R

YOLOv4: 5| N Z 631511, 0 CSPDarknet53. SAM FEL&E, $w 1 K6l
A AR

YOLO £ LA SEI ) B b I e 70 i 5 7R, 3 F T 55 S 52 (1437 5%
WE AR S . B 2 RUZERRAE R, A T AN R RSE 8 H A
HORENS HEAT A AN . YOLO B V2 S A T BRI B i . Lol ok 4
Uk .
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i1 & 5L TR
I

B | |Google . U U
x| | Nt | | | | I
14%14%1024 14%14%1024 14%14%1024 TxT%1024 Tk7%1024

EREFES

4484448%3

] 2-9 YOLO 2% 4 Fig i 724
2.3.2 SSD

SSD s — R I 2 RBEAFE B B H AR I 5% . 5 YOLO AN, SSD it
FEANAJZ R RS AE P 30 AT T 40 Pl 2-10 B, sRBLE AR [RDRSE H AR 2ok
M. SSD 51N T Je5HE (prior box) HIMES:, @I EAFRE L ik E 2 /NMEAE,
AR 6% T G 1S B H AR 2 R

A SSD A, Tl 51 N 2 ROBEFRRFAE Bk S BURAS [F] RS H A ks il o
SSD300 1 SSD512: AR A SSD, 73 7K AN F A A BUE RS, PP
FE R 1 §E . MobileNet-SSD ¥4 MobileNet {F A H T M4, SZL T EB %%
R E BRI . SSD R E S A RE _EHE TR, (LA RS MOt R H AR A
FIRSF o BINSREGAESE & 7 X AN FEIR H AR & RiPE, 43 SSD 7E & Akt
RILH O, EFFS BGAIN LA R A 5l i S R 45 37 557t th oA A6 T2 O R

FHIEIRBUZ
|
VGG-16
l’ ol v/
8732 "
fﬁﬁf X
300 o 38 i
il
33
300 512 1024 1024
Avg
Conv: Conv: Conv: Conv: Conv: Pooling:

3%3%1024  1%1%1024  1%1%256 1[*1%128 1x1%128 Global
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K 2-10 SSD [ £& &5 fiy fi 75
2.3.3 Faster R-CNN

Faster R-CNN 52— 2 S i i e B H ARk S0k, il 2-11 s 1 58 %61
Faster R-CNN Z5 &, H R Z5IN T Xa@il Mg (RPN) . RPN 5%
A T Re L E BRI X3, AR5 X e X 3k A T H AR 1 e Rl o X R
BB 81 Faster R-CNN ZEAG IR B EA A 3 2Tt

RAIRCA, 51N RPN LA sifiik X35, 48 f5 i1t ROI Pooling 4T H Ank:
. R-FCN (Region-based Fully Convolutional Networks): il F 4= %5 1 WX 48 5281
B R H ARG . Faster R-CNN with ResNet: 45 & ResNet 257 5 X4 451y, 42
B 7RI RE . Faster R-CNN FIH BN BE THE L AER I HER M A 35 B8 03,
ST ER SRS N A 5. (R 2854, Faster R-CNN B B 41 Hu db 3 H
PRICEESEANEL S, AN T 75 2 B2 bRk U A s, tns 2 e AR ot iz
Bi7 4 o

CONV@ Poolin; Relum Full connection i

& 2-11 Faster R-CNN ¥ £& &5 i i 724

2.4 WFIEEREERN B ArBESE

HI T H B AT 2T LRI R i s R g 2 48, S E0)IgR R
R R TRE A SR b i 3o BB 10 o B L i B SR R N SRR, B
FEILHER ORI B, DA, F A i B R B SR AR T G

WM EE, ReRESIREE T T I @ a2, 7> F1k
640*640 B2 1B . XSGR TR AU ZRoNRAIE,  DURA ORI AE SE B A%
A RAEATE I . S TR N ATV IE,  FHRTRE I A
R A5 A B SRV AE AT A 2GR RO SR B S B T 158 55 2 1) J B B o A

21



B AT B SO R s R AR R R P02, A, RPN T SR S (A S
B 2SR, REDREA, DI (g e R ), B 2-12 N 3

B 2-12 5 55 Hohs S )5

)i, f# ] Labelimg T HXRAE R Fr b AN FEE BTG R8T T ARiE
a1 2-13 (a) o BT R MA T X 248 MR E, Bk R g X—A205,
p «gd8g” , FrLAEASCHR-FIREHIE (AP RUNSEFEIREHE (mAP) .
HIE 5 UG 1 VOC $d SR B35 T 2589 Jk B A LA AR M I bn 2, R R~ R
640%640 133 . SLIRHT I I F SO A% SRS K VOC B SR AREE ST % 45y idi
T YOLO MIZ& [ txt bR SCAF, S8 5K 7 Bite 5 #5244 9:1 R1143, T 2589
e B A R BE AT LA 2230 FRAE A IIZREE 259 SkVENIIREE . B 2-13 (b) ANEHR4E
T fe gl R, Hod e BRI ECAEIESE HARM RISt 45 8, 7o T ol sl
AR LA ) B SE IR 5 R B, 45 B Labelimg %308 SR AR 19 5T A HE 1RO R <F
SrAT L, AT B H AR AR T R v v e . ] 2-13 (o) YK 2-13 (b)
e TR, AT RS —IREARERR x, y, BAERSAEL: &
T AT R B O SUREARAR x B AR L, T BT B G s E 2 A P A
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B2y B AT Bm T 1 BRI G S AR y B A s DL, BT BUE Bl mAL B
oA BB 505 B = AT e T PR PR WA (9 98 ) o A 0 7l AR 2K 0 HE
B F R/ INATS /N e P 1 0 ) — 245 28 DU AT e ) PRI AE F) 0 B4 23 A 15 O
R DA B OK B 20 ME [ e R K /INES /S T 3 B ) s [ —F

o, Flags 8
Open

e

Sir

Hext

Inace

‘ Label List L]
e brick carck

Folygon Labels
[ brick carck
[Z brick carck
Edic
alygons
Duplicate
o
”
Delste
Polyge
Unds
faca
In
)
T eyB loadfyc
[ E/BaiduNetdiskDownload /v ¥
< >
fi

(a) HdlafebniE K

10000 -
8000 -

6000 -

instances

4000 -

2000 -

brick crack

! ! ! \ ! ! ! ! ! ,
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6
X width

(b) HmdenHiiL
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(¢) PREEHESS B A
B 2-13 RIHUIM R SR AE 2 T ALAL I

2.5 MY Soft-NMS

YOLOX K H T Ak #% K8 40 #ll vk, dE KA #0 ] ( Non-Maximum
Suppression, fij#E NMS) Z&—MH T BAstw M E G 77, FEMAT
LBRESMILFHE (bounding boxes) ELFIE(H. BRGNS+, &ik—F&
GIHEEIG, PTRES AR Z AN FAE, X Leil FAE ] GEH/r e A H & . AERKME
b i H AR Ok BE A8 e B B i A9 40 B FUAE [ 25 o A 5 O B 8 (1
HE o SXFE AT LASE i H b P PR A 1 A A

{E& NMS 1F/E LU NGB, SR E SN, i 2-14 fos, &6 Mam s
HHE, dnSRAEFH NMS 1t 2 R 28 8 Ak XK,  2n 14 R R
AIRENE . XA AT A R A 45— LU SR BB R TR RS I (1) 3 FAE
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2 affuin: L
K 2-14 f il H AR B on = K
VA EE S T 30 2 I HE TP AR AR R e L SR 5 — MR PRINALE , S 40 o)
— MR THE RS 25 4 NMS H0i . Dy 7 SRS 0 B M2 TROAE , A2 40T H
Mg 7 HEMH 4, TR RO T 5 i s E B B HOK T A R IAE, A2 B
TR, T L B A S PR A 57, IXRE RS AT RE 2 AR B TRINAE , AT —E 8
JEE 1 T G FRUU AR VR AT 1) R 15 100 LR B
Xf T JFR B ) 2 A FOR [ — MR HIAE Soft-NMS (A AFE/EH, [ —14)
B REG IR, SRR B s IR, H0H R FEIHE, 590 80 s AR
(1) ToU MK, #HI IR RO, — ORI, SRR Fl— MR IHE CH a2 /i i
MZEE) 1) ToU =t H—MRIHE (L /5 rIR4E) 1 IoU K, Kitk, iX
FEAt 4 oA ) R MR B ok, T A — DA R B 26 1, e PR B
Soft-NMS B A WA 2-1.
s, iou(M ,5,)<N,
S’:{s,.(l—iou(M b)), ou(M ,b)=N, @1)
Soft-NMS ] AF A B (R HEwf 2, e i@ S Wi R g A IR 2 R E S
FELERIG DL, PRA B Re e B i b A 240 3 23 00 S HE 1A O, 9/ B R U ) mT e,
A AFE— @ RE R B4 B A0t AR ALKE B2, Soft-NMS (1) 584 L & 2-15
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Input :B = {bl,..,bN},S = {sl,..,sN},N,
B is the list of initial detection boxes
S contains corresponding detection scores
N, is the NMS threshold

begin
«{}
whileB # empty do
m < argmax S
M «<bD <D YM ;B«B-M
for b, inB do

S, Sl.f(iou (M ,bl.))
end
end
returnD ,Send

end

2-15 Soft-NMS [1]5¢ B 7%

2.6 REINGE

AT ITES, W T VRIE A0 RIS OB A, TR AT T VR 4
LA B, 0 TSR UL T AR SRS ER T, I 0 A it
(5T WIRIOAHT S, CUEERAMIRR LR R . B, ATEH LT =
FEEURY FARRESL, 6 T e, RIRIEEMIR. 5,
I T A SO AR 775 LR TR T SRS RS AR 5« BB BN T
NMS 5, 47 T SoftNMS Bk b 48 NMS FATIOHLS . ot FoRIGTIS
AR FLE TR T B T R 5 SR R
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I HTIISR S R T s AT HH AR AR It IR ZOAE 3R T, A S0 B I SRV 2% [X
s, It HARGEE A A BEEBTERS AL T BSOS T2 38 1) H Al .
DA TR AR H — s T &M DAL Soft-NMSS SEVZ R N A5 R B = 1AL AR b
PRSI, RABHERMN TN, IR IR R SR AT 55 .

3.1 FHEEEEN

H B tHEAFF 0 BE 4 H ) PR P A 48 I 2545 YOLOX 5 A1) YOLO BEALAH LE,
YOLO-X HEAMAREE /N, Sl TR, KEREEE &y, UL AEML ST 52 %l . YOLOX
FEZAN MR Z BT YOLOV3 A T 23 FIBGER R 2, FEERIAELL R LA
J7M: YOLOX R T Focus ZEMIXIHI NG HEAT VI Fr, X FhEs I RERE/E IR T
SRAFEH SRR OR B B e A5 B BT 5]\ 7 CSP (Cross Stage Partial)
G, IX B EE R Gy 0 B ZE Gy BB R B HOHAT TR, LARAL N4 v RN
B WHEINERRZEOT TR, R SRS EARILES, X
A B T m R RSB BRI R P 75 Neck #4r, YOLOX #irti/h, o,
R =P RBEERIRFAE L, 13X B TR R /N3 HARP4K s YOLOX i il sl
Mk, PRGSO USSR L, IF ELAR EL AR MR o 21 77 X, RS Re s
R I F S (AP) $27F. Wl 3-1 fis, 4 T YOLOX e 8451
DYSE TP Th AN S
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YoloHead

SPPBottleneck

Conv2D_BN_SILU
Conv2D_BN_SILU
[ ConvaD_BN_SILU ] [ Conv2D_BN
) (o) () o) | | :
[ ConvaD_BN_SILU J [ Conv2D_BN

Sl ]
Sl J
Conv2D_BN_SILU as

YT
(o o w0 1)
i s, 00
o 1 )
(omamrio w1 )
(o s 0.5

CspLayer (80, 80, 256) YolcHead

Concat+CSPLayer

Conv2D_BN_SILU (40, 40, 512)
ST
UpSampling2D
[ Conv2D J——[ Concat+CSPLayer '——'{ YoloHead
Conv2D_BN_SILU (20, 20, 1024)

_BN_! Concat+CSPLayer
T

SPPBot tLeneck (20, 20, 1024)
i)
CspLayer (20, 20, 1024) ( Conv2D H Concat+CSPLayer )——-( YoloHead ]

CspLayer (40, 40, 512)

K] 3-1 YOLOX 454 &
3.2 EIFE SRR E N

23 1 R R 7 WL S A T 8 2 I WL S R
ST IAVERE AT, VA E B e B B THUR . BIRH N A
AL GAPYRI A BB (GMP). S 55fh ik 2 5 7= T AR F I
Sl bR AR, SRR T A Bl —A 3L 1 2 JE B LML) 2 o 2
A A R 2 L, SRR N T R 31,
M _(F) = o(MLP(AvgPool(F)) + MLP(MaxPool(F)))
= GOV, (W, (FE )+ WOy (FE ) G-1)

N T HAR T ANE R 1S3 K8 O ) Fa 25 S S R AL R~ 3 Ak A
FIANRAEE], AR5 S PR AR BB T P, Tl 747 BN 1
TEIEFREE], F 2 — sigmoid 49 2 F [A)VE R INLEIRHE B, R
RFEAR SRR AN . A Rl R AL AT PLS 25 9 T T 5 3-2

M (F) =o(f7 ([ AvgPool(F); MaxPool(F)]))
=0(f " ([Fpg Fo D)

AT 7 8] AE TE AN 4E R B AT R TIAGHE, SE0m T R AE ) e 1 A

A RNE, 1S B AR s IR BUA F BIRRE RS I 2 o BEAR Sk tn 1]

(3-2)
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B 3-2 I8 2 A AL S5 4

3.3 BEEKGHENE

W9 YOLOX HEAY B, EAR YOLOX M W 4 Hf i) 2% (] & B AL 2
(SPP) REME MR AN B BRFAE RS AN — B0 L, {EURFALE P S A 388 38 A2 8] 2
BRI, FINRES = SBOURE S, BUOVRESTHPIRIENE S —
SEAFAEAMZE , FRAIR T 27 SRR ARBAR L0, Dyt AR SCHT e SIS i R e
AR L YOLOX Dyt , 38 I Xt 3 J7 [ 7 AR DU K 5 > AN [ TE 2 18] A
SrBT, SRR R I 55 S A I AAEIE, Bl e X RRAE B SRAS 2 8T [ BUE
222 8] JZ R E B INBUE, SQEE TR RS 85 2, BIURAE B A AN R A7 B
I ZNE, DUERRR e s R A T IR T I e X, SRV I AOASAE, (e
BRI R SN SV Z0A% X35, AT e R RS JEE

I B IR ANTE TR SRS 2GR ORI 4 R B, ISR T R e L B
ALUE L, FFAEIOLAALE, MR R —ME R BA L ES M. X
FERITT 5N, A% GE A ARRR AR 0 ] SR Mg 0 A 2o o 85 XIS, AR A 2 i B e ¢
AN RN , 11 2 B B Aty R R (R B B XA o I AR5 92cAE
Xf B JRSZ ) H AR ROR AT, BAE AL v B AT R GE I, LRI
%o NV EARBAEX A E RN ESE, KAL) Soft-NMS. X
SR I BRI 73 e — N BLE, T AN T B e B 5 AL TUAE , T BE
JIHES 240t Ak 2 5 DX A ) T B AR IIAE (1 LS PE AN A AR SR S 4, A5
BMfsifE 2 AN RAEES I IL T, 0 RE S AER IR ) AN DR B SCBE ORI AR, REAE —
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FERE L b B e B A ARG AT R 1

3.4 SLIGLERFS T

3.4.1 TN IEFR

PR RS H Precision(P) ARG, oA T A A N IEFEA 45 3
FLIENIEREA R LB o P EDR S, AR ARG IR A ) 00 EE A PR = Recall(R)
R mIE, RoRFERTA IEREA T, BOERRN B R E] . R EBE, Rk
ST IEFEA R §E 7J .3 . Average Precision(AP)R /N FIIHEE, B RN T
GERT, XTREANLRDEFIINEE . AP BB, R ZIE0] R XL
FBkYF . Mean Average Precision(mAP) R /R 4228 FIIKGE, 2430 AP EH]

FIME, mAP {E ] DL AT v A RO AE AN SR B Rk Re . ot AT
TP

P= (3-3)
TP + FP
r=—17 (3-4)
TP+FN
AP = J(jP(R)dR (3-5)
1 C
mAP :EZ(AP)K (3-6)
k=1

FLFRTE(TP) AL TN Y 28, SEhrbrfe th N IR B . BERTEEP), R
FRARFIM A IESE, (HSERRpR N PRI ACRE . IRt B PEREARL(FN), 2 RIEA
ASE, AHSEPR RN IR R .

3.4.2 SEIGINGE

BRI ZR30 5509 Windows 10 64 7 #4F :24t, NVIDIA GTX1080ti, Python3.8
Al Pytorch1.10.0 ¥ £ %% 2] #E 42, Pycharm Kt A< 2021.3.3,CPU & 5 % i7
10700,0penCV J% 4.6.0.66,CUDA11.4.

TERI SIS R AR M AR AL AN SR F2F, Batchsize W8 8, FI4A % S KX
79 0.001, B —%& epoch #BIEAT YOLOX #5244 1y fHHE 14 s 5925, 4% 20 > epoch
TRAF—E, e 2R Seia i o i UAUE . IIIZR 1700 4 epoch W SKUE 45 2K
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PR BRAAE DL 3-3 Fras, B4E 1 I IEERANIZREE R loss Ik

| = train loss

'ﬂ val loss

== smooth train loss
== smooth val loss

12

10 4

T T T T T T T T
o] 250 500 750 1000 1250 1500 1750
Epoch

Pl 3-3 TR S 2 e DM A R 45 2K o A2 A it 28 14

3.4.3 NMS BUHM R

I AR RS R AR R AR A TR L, WIS R R EA BT &
BIEOIL. RAMES NMS FE 2 i — 2L sihr ENIZPORE I B bs, SECE
L bR Soft-NMS i [ A1 5 B X I8 ) BLAS BEORBE S ELIE B FME,  IXFE
R AOR B 2 A RS 2, 508 1 BT T RERRINAR , 1 AN A g B b 41 ) ot
By . AR Soft-NMS RIGERCHIF S R AR MFr =, R TERE. &
3-1 flz, 18IS NMS XS ELseia & 0L, 1] Soft-NMS 2 Ja AU L i 3 i 4Rd 4%
FAE 55 B HOHERA S SRAT 1 AT LA BT

2% 3-1 NMS SR X} bt S5

TR 44 mAP {8 mAP #THE
YOLOX-NMS 71.55% /
YOLOX-Soft-NMS 72.76% +1.21%

B 3-4 Jyeiidt NMS Al 5 FIZREEIRT B, 38T b et A 8 1R — sk R
WOMRCR, KIAE AL S NMS R RS e R () 22 4% B D4 16 Soft-NMS Ji5 [
BRI 2], B 3-4 Ca) 48 A NMS BRI ECER E L B 3-4 () A48 A Soft-NMS
FORE AR RCR . AT VA Y, oo e RN A LB S | AC 2N R B ity
PRI AR, X2 T Soft-NMS Bygr FHZME AL 1) 77 2, AT RLSE i R 3% Hb 4b
HE SN FAE. &RV ESINILSAER IR —E a8, AR BES
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“',
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brick crack 0.84 brick crack 0.84

i

(a) f#FH NMS AR 5 25 R 1A (b) 1# [ Soft-NMS A HYH 51 %5 5 &
Kl 3-4 X E

3.4.4 ETEENNSIR AL R D

BRI 56 2888 I LA 00 3R T (RS R, R 2 QTR AR X3, T
JIALA AT AR 7 bt R 50 S5 B DX ) SRV 5 A SR TS AR 2 UL o i
FMERI gt . CBAM #EER AT LI N YOLOX B T W& i 2 18] (5 %—) i
K 3-5 (a) fion, HATLURAFEES Head #7328 (7R WK 3-5 (b) fil
A, BT ERE LSRN B A B AR i B A A, BT LUINANAS RN
CBAM I RIE R T S =, @I X Lb St o by 93 ol sF s (140 3k

( CspLayer
' CBAM 3 ’—{ Concat+CSPLayer
Conv2D BN SILU ] y

( : )

l [ UpSampling2D j
.\ ) 4

[ Csplayer ( ConvaD j
} \ )

[ Conv2D BN SILU j coan 2 }—{ Concat+CSPLayer j
l 7Yy

[ SPPBottleneck j
l [ UpSampling2D

[ CspLayer ]—{LTJ—’{ Conv2D

(a) HE—
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| coam3 )——{ YoloHead
L Concat+CSPLayer %’,
4 N | Downsample
( UpSampling2D 1 \ J
[ Conv2D )—»} Concat+CSPLayer —— ceam2 J—b{ YoloHead
I\ = /
7y 7 N
( Concat+CSPLayer 1
I ~ \ Downsample
UpSampl ing2D J \ | J
L Conv2D )—'}(\ Concat+CSPLayer ;—»L ceAM 1 H YoloHead
(b) HEZ

K 3-5 CBAM fi iR N B 7 S s ]

M 32 AR T R — IR Z I TR 5T R=, XEHTE
Backbone 5 Neck Z [HJ#x A CBAM #itk, A B TEAERT L mZEE XE LK
THOLT , 380 W0 28 0] ISR RFAE I O o 133 UL BB 68 £ R ik B R A H- B Bt
FEAER], A BT W2 BEINA ZOt N F IR B th IR OB B . 7 R T RImAECT
TR=IEEE T B, XAREH T CBAM BN INAL Bl i, 85 i X REE ik
IR AL B B B RS L, S ECH T E B RCE A M, A 1 EHME

=S|

K 3-2 RANVER JIWURI AR 5 %) bh st
HME S FR mAP 15 mAP $#2THHE
77 %= (Head-Neck) 71.55% /
77 % — (Backbone-CBAM-Neck) 73.59% +2.04%
J7% . (Neck-CBAM-Head) 70.06% -1.49%

VSN SAT N G =AY 1K I K v I [ it QU B3 e = WA A L P Y i
RYERIAE S E UL YOLOX YL AR BEAT i, BEAT R ELSELS . i H EAM,
SE. ECA & ipl#l, @ik N5 CBAM [AFERIAL B AT X . 3 3-3 i,
TGV A A U3 RS UK P, CBAM ¥ 5 JJ AL #4547
IR, WAE S CBAM VE R /WL AREL T HA 7] 2813 2 WL FE R S 6 24840
AT B

3 3-3 BB LY

VERL IR et S g mAP EPS f/s
CBAM 73.59% 33.78

SE 71.22% 34.36

ECA 68.53% 31.92

EAM 73.02% 33.25
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3.4.5 HRSEINE R o H

XY FhF1 P-R 2 B XSO IR BIRS AR, A [ 38 (R) MRS 2(P) 73 ) S 16
BRI . P 3-6 (a) A YOLOX @M P-R #H£RE, K 3-6 (b) A
A IR RS AY (1) P-R #2618, W] DA e 0] 38 PR Y AT B0
ROIARU I SR A A SR e I SO el I RSS2 R FE v T3 PR 3.55%.

class: 71.55% = brick crack AP class: 75.10% = brick crack AP

1.0+ 1.0

0.8 0.8 4
5 06 £ 061
£ i

0.4 0.4 4

0.2 0.2 4

0.0 T T T T 0.0 T T T T

0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 10
Recall Recall
(a) YOLOX #i7% p-R &[4 (b) WU ZLAER MR P-R £ 14

K 3-6 P-R 4 %L
K 3-4 JEon T IHRBESER B EE, T LA B PR BT0 SR e AR s A AR e et
TS S TR RN B 5 THER A 26 A R B B 3E 0, 7T DAAIE BB ) 3 55 2 A
AT 55 W At SRS AR R FRRG E $ T 2 3 10 HLA R
*® 3-4 THRLSER

Uk EmE CBAM LRAE NI Soft-NMS mAP SH FPS f/s
1 71.55% 54.2M 34.26
2 J 73.59% 54.8M 33.59
3 J 72.76% 54.2M 33.89
4 N J 75.10% 54.8M 32.41

3.4.6 FRAEEEITEAY

YOLOX & T4 £ Mk 2 W 2% , CSP G5 M W1 Ua 5k 22 L HERR 43 P8 45
A BN 15T RGN R IR BT K IRl L, I SC VG INIRE LR Rk I, H
AR IR P AR B SR 1 P25, (RIS SR SR B A AE T 2 3R T, AR 2%
DB S LR A FF PR . CBAM BEHF N A W 2% i 5 B8 22 1 £ v 7 SQ B Ry
ik b, I AR ERRAE, Y98 1R RS Z0AE X SR RE , IR R M P ) 4%
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PRI o [FIR, 2R PENALE) Soft-NMS T LLEE 47 b 38 5 B (1 H AR R SIS
IR AL . 2R 3-5 KA T 4 F (R ) R SR AR R U A 7Y 5 YOLOX
YOLOV5 #1 YOLOV3 {ERI U ZL4E M AT 55 _E WU HER R EAT 1 HLBL. i3k 3-5
AR, RS AR REGEAT MY ) mAP {573 71)%¢ YOLOX. YOLOVS A1 YOLOV3
FERHUIE R EEHAR AT S92 m 1 3.55. 4.34 A1 529 MEH T M.

K 3-5 MERAEXNS L SEg

I LR AN 22
HER AN TS S TR 1 v P 2 1
YOLOV3 69.81 -5.29
YOLOV5 70.76 -4.34
YOLOX 71.55 -3.55
T30 335 2 e Ao A 1Y 75.10 /

HA TR R SR AR N, 1ZR AL T B A SRR R, JFvh 5 T WIS
G AT 5 B A LU AE A SRS RS R 2R BRGS0 . I 3-7 A

FERUR MR BRI, WA EAMKIRN YOLOV3. YOLOVS. YOLOX. RS
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LG DA P A 50 T AR, B I EGIE 1 W1 B 2L 4% W TR Y £F R AR 5 2 4 46

WA 45 3 FLAR A TR R AR A M A
YOLOV3 YOLOV5 YOLOX TN B S 4 A i A 7Y

B 3-7 AN [ RSE AR ARG 4 SRS B T
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