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Abstract: Pavement disease detection is particularly important in road maintenance, and the YOLOX-GED algorithm is
proposed for the problems of complex background of pavement image and large difference of disease scale in pavement
disease detection. On the basis of YOLOX-s algorithm, the algorithm firstly designs CSP_Ghost module to replace
CSPLayer module, which reduces the number of network parameters and at the same time strengthens the feature
extraction ability of the network; secondly, introduces the ECA attention mechanism, which strengthens the feature
fusion effect of the network, and improves the recognition accuracy of the network on the pavement lesions; lastly,
designs the pyramid structure of DSPPF space, which increases the diversity of features and strengthens the recognition
accuracy of the network on the pavement lesions. that increases the diversity of features and strengthens the extraction
and fusion of multi-scale contextual information. Experiments on the RDD2020 dataset show that the mAP of the
YOLOX-GED algorithm is 5. 32% higher than that of the YOLOX-s algorithm, and at the same time, the amount of
model parameters is reduced by 7. 9% . which makes it easier to deploy to mobile devices.
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P CSPLayer 8t J5 ., 5 3 19 S 3 K 2 5 {6 (mean
average precision, mAP)# & T 0. 81% . A E K/N @A T
5.95 MB. S8/ T 1. 58 MB, i fii F CSP_Ghostv2
e CSPLayer S . FLL ) mAP 4215 T 2.35% , 4L
KANWAT 2.88 MB, 288 /> T 0. 83 MB, PI#E Lt
A1 ff ] CSP_Ghostv2 1 mAP #1583 . H.9 & 18
SHE PR ZEBEIFAE ., L, %8 G-bneckv2 fRHE:
e CSPLayer 25 14 # ) Botteleneck JZ, 14 8 5 2 A9 CSP_
Ghost B8, H L BEH YOLOX-G 9 4% 5 5 52 80 % 56 1 3
FE Ry,

2.2 Mt DSPPF &#

T I T 3 A v % TR L RN A L Hh, B
PN BEFRAE A, BTG TR AR A5 5, 4 2800 F FRAE R/
TE AR 22 5 0 S L DR AR e CRIE K H AR 5/ B bk [ B g8
SR SR ™ S e X 2% o I ME AR P . SPP &S (R 4 B
A5 1) fi8 52 I R AR REAIE R 4 JR REAIE R AR AE TRl G (B S
WL m a2, SPPF 858 7EXT SPP #E 47 T etk , A

e 217 -



948 & 2 F o

T # K

R ORI B T RRAR T I 45 2 80 (EARTH JE kA 2R
W R LR efE e,

DR 2% 1) 22 RORE ARG T AR L B R 0 4% 4 IR )
T S T 9 R AE 09 1R AR L A SO Y DSPPF IR G 25 =5
] 4 F 3 AL S5 4 . Ff SPPF 1) MaxPool 2 5 4 Sy A [
i Hi 28 BOH) 2 ) 2 AR s 3l s BUAT DL 4 AR R A R
% T B 1 I A2 BB L (A5 RS 1 PR R A BT R TR AT
RTF I ik R AL, 2,5 M as i 5 AR e 4w B A 4 A X
ol A A R ek /N R R AR A R0 R B ol R T T L

Btk

DSPPF B AR ZEF NP 6 BT R i AJRAE e 4t —
AN IX1 BRI EAE B, FKR & A 2 K & 300
SIERL R 4 AR GE i (5 Bk A,
B — Ml R 1 BRURS R RER, 5340 3 &
WML 1]. 01,20 (1,2, 5 IR R $0CR R A g ik %
114 2 JIR) 5 AR RO [ Je 52 7 1) AR AE 11 50 B A B F 2 BB
TERRBEAR B, B M AR IE 0 Z e, IS, Bk B S & i
it 0 — 1k 0 Silu B9 PR

Conv3x3 (r=1) |>4'{ Conv3x3 (r=2)

Conv3x3 (r=5)

Concat

Conv1x1

&l 6

DSPPF # He

Fig. 6 DSPPF module

2.3 FEANMFESIN
DT AR T B TR A S TR A I 4 O B I
HEAE R WAL ENE R A S A ECA Gl E )
BB 2 A e nl DL IR 5 AR R E AU e TN R
F189 07 THT 2 W) o ) FSF 3 T o) 2% Xof 3 T f) 56 AR A AL BEBE T U
TR LR

ECA MR B4 T — i 5 B 5 {5 18 28 0% A1 F
T — SRR 7 % Sl S 12, nT RATE AN B A B 1 1S
DU P i 5 B R MERRE . P, ST ECA KL, fig

K =y(C)

GAP
Ly

1x1xC

R S FPAE SR ELRE 0 AN I M 2% S0 5, LSS
FaniEl 7 R e H W LC J3 5 R I 09 155 5 38 38 4
GAP(global average pooling) F/n4 e EXM Ak . £ TR Rl s
WMIEZENE SRR, K FTLGE S EE 4R C BB B 3 R
ol 5E BRI b AKX A . DFR,
C=¢k) =277 (3
log, (C) Jri
Y | aa
Xof | A ] BRERA BGENTE.0=1, 7 =2,

k= ¢(C) = D

K 7 ECA = ML

Fig. 7 ECA attention mechanism

2.4 Bi#A YOLOX-GED M4 4544

fii Il CSP_Ghost 48 YOLOX-s M % ' CSPLayer
28] DSPPE 45 #4) & 4 £ T W 4 b SPP 451, Jf 76
PANet &5 i ECA & S UL, i 5 9 YOLOX-
GED P4 Z5F94n1#l 8 FiiiR .

+ 218 -

3 XWERE5HT
3.1 RDD2020 #i{E&E N 2B

2% S A B S S R i RDD2020 B8R 4217, % 8
PRAEA & DO | B A AN ve SE A EURAE 19 21 041 5K 3B #%



HilA .5 T YOLOX-GED #) % @ 5% & #l 5f i 5 23 0]
Input
% BackBone
Focus
Conv2D_BN_SiLU
Conv2D_BN_SiLU
Neck Head
CSP_Ghost
- —i ECA I—'[Concat+CSP_Ghost YOLOHead
Conv2D BN _SiLU
LECA DownSamping
CSP_Ghost .
n UpSamping l
Conv2D BN SLU [ ConaD }——{Concat+CSP_Ghost YOLOHead
=|| ECA HC(mcaHCSP_Ghost
DownSamping
UpSamping
[ CSP Ghost | o{ECA}—[  Conv2D  |——{Concat+CSP_Ghost: YOLOHead

K8 YOLOC-GED [ 2% 45 #4
Fig. 8 YOLOC-GED network structure

PR, HoP i 31 000 £ 8 i B IR S . 509 48 b 4t
£ 92.[‘D00’, ‘D01, “D10’.“D11’, D20’ , ‘D40’
‘D437 ‘D44’ ‘D50 ], H A Doo Y 4% Dol 2L
I PF 48 ; D10 S b 2448 ; D11 J& b m B 4% s D20 J2fa
24:D40 ZTIH s D43 B T F I DA D44 B BRI
D50 B .

2 FE S SR I T 37 0 0 DL B B e A S BB AR R
S 1 PR AE DO R 1 PR 4% D11 WA 2RI RE A
G A A, AR S 32 B 3k R Y0 1) 24 4% Doo . 1) 24 4%
D10.fa % D20, il D40, 5 B A D43, 11 42 150
D44 FH 35 D50 £ 2055 F AR A T 8RB 2% 2 BRI 25, )l
S RE BRI 2 1 O 3k S K O B e 8 2 L A R 4y
WL SHIEE K55 IIZEHA 16 833 kA, B iESE
F 4208 I A, Bl EA LB 9 s,

90001 3381

8000
7000} ¢ 592
6 000 5627

5057
5000

4 446

4000 3581
3000
2 000

1000 793

0

D00 D10 D20 D40 D43 D44 D50

B9 Ko 4 28 5 o0 A 18]

Fig. 9 Dataset category distribution map

3.2 LIBWE

ARI W EFET CPU K Intel Core i5-10400 CPU,GPU
9 NVIDIA GeForce RTX 2080 11 G By % #L 58 B (4,
Python iiAS K 3. 9, 5% FHl PyTorch HEZR , i T35 & 8 14 (K
ZBR A S YOLOX-s R 2845 T k47 1 2R B8 1F , Y11 45
bR T A I 45 35 R AR I R AR R B ACRRAE 1R N
640X 640, fbfm K/NKEE N 4, YIZRIER KB 300 5.
3.3 EMiRE

A SO FIRG O B Pr. 3 B2 Re FAlif F 2020 F1 #1°F
IR B B{H mAP fE 0 W 4 M e Ar o, Hoh T Pr )R
T T 24 T B A L Y P IRE, TR HE 4 1 ) 2
WA MK G iR,

TP

Precision = ————— (5)

TP +FP
P TP BN Oy IE Bl 2052 fE 8 TE 6 9 D5 FP O
I g TE AL 52 B S S B B A
4 1] 3 2 N S T O L A T ) 0 B A IE A A
i He L 2 K= C6) Brs .

TP
Recall = TP L FN (6)

A FIN 000 A 67491 o S22 B 2 1 481 19 4

R BB mAP 8 12 45 28 517 Y00k BE (average
precision, AP) I FIME . mAPO. 5 #5492 IOU F{EH 0. 5
B 2 AN 2850 AP {5 /97 S5 08, RE 47 12t D00 2% 1) 10 IUAS B L 31 3
A DFIR .

mAP = =S AP () D
m

SEAT F 434 F 13 3% precision £ recall 1 54 3
38 AR A A 35, 45 B — AN 25 A 0 OF o AR A 4 3K Y 45

« 219 -



5 48 & v F ol

T # K

b B A @ s .
2 X Pr X Re
P p R
EENVAEFEZE
TE J TR F A L S T A ECA 1 & 1 AL T
YOLOX-G % 2% (19 $2 T+ 2R . 73 510K ECA 5 Jk 45 A1 il
(squeeze-and-excitation, SE) {EE B B h M I & H
(Coordinate attention, CAYBIHR A YOLOX-G M #% 45 1)
AT X L S SER SE RN ER 2 R .

(8

3.4

R2 MARREZANGEBENER
Table 2 Incorporate the detection results of

different attention mechanism

R824 A6 724 mAP@0. 5/ % Params/MB
YOLOX-G 61.59 8. 14
+SE 61.73 8. 18
+CA 62. 04 8. 25
+ECA 62.56 8. 15
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Table 3  Ablation test results
4 2 A0 R/ F1/ mAP@O0.5/ Params/
% % % MB
YOLOX-s 55.01  59.08 59. 24 8.97
YOLOX-G 58.53  62.00 61.59 8.14
YOLOX-GE  57.80  62.39 62.56 8.15
YOLOX-GED 59.47 63.71 64.56 8. 26
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Table 4 Experimental results are compared with

different algorithms

4 0 R/ F1/ mAP®0.5/ Params/
% % % MB
YOLOX-s 55.01 59.08 59. 24 8.97
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Ghost-YOLOv5s 52.51 53.04 49. 57 5.70
Faster RCNN  59.30 60.18 60. 26 136. 80
YOLOv7 62.65 61.27 60. 99 37.62
YOLOX-GED 59.47 63.71 64. 56 8. 26
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