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Pavement Disease Detection Based on Depth Feature Pyramids
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Abstract; The road provides convenience for people’ s life and work,and the pavement,as the most important component of the road,
directly affects the use of the road. Due to vehicle movement and wind and sun, pavement diseases are endless. Rapid detection of
pavement diseases using object detection technology allows timely screening of diseases,reduces the burden of daily manual inspection,
and improves maintenance efficiency. However,the pavement disease features are relatively subtle,and more detailed information is lost
as the depth of the neural network continues to increase and downsample. By integrating channel attention into the feature pyramid
network , the network’ s ability to characterize pavement distress can be improved in both channel and spatial dimensions, and a new
pavement disease feature extractor is proposed to make the network more focused on low-level features. In the experimental part,the im-
proved feature pyramid is applied to the Road Damage Dataset 2018 dataset and the homemade asphalt pavement disease dataset,
respectively ,and compared with other classical object detection models. The experimental results show the effectiveness of the model
based on the improved feature pyramid for pavement disease detection.

Key words : pavement disease ;object detection ; feature pyramid ;channel attention ;feature extractor

Vol.32 No. 12

0 35

RS G S [ — R N R
I 5 A5 R G (0 S AR 2L 4. WA 2021 4R A
o A BB AT K A TS A L B R ARk
21 TE) T 2035 4F , i G e A 4 T 5 4 T )
S = G B BT R R T A

i

i fE B 83 .2021-12-27 &0 H#8.2022-04-28
ELWH b s R EEARBHIRL 55 9% % % 4 (3082020NZ2020017 )

XL BRTE SR 21 R SR b A4 SR RIS AT 7 B T
FL | ARG SR b 17 X3 bR 200 ) 2 A G Y 3
Kafr LA H WK A FAR R A AR ZS 5 78 H R,
N T A 3 R B H A £ 2 55 sh i AR Y
X ARFER A, ASURALIG 22 3k R & JH B2 A B
PEATHRAE R I, EL 5 ol A 00 o R A Bl

EE®N ik H5(1997-) , 5 Wi+, CCF £ 51 (J7554G) il iRAER , W5 7 [l i ML SE s X T8, T, 38082, BF9E 7 1a) M T F LI GE 5 5
SN, Wt BFSE R FSE T T A i A SR G T A s B AT



<174 - HEPLH AR &R

532 4%

I T AR 1 i 2 T s 3 TR M IR 2 F N D
PR R T B T G MR AL B A X — 2K
T2 T ) O T AR R B T SRR R 22
Sl — et gy A B LR 2 2D O ik S RS AL
HORAAGE G AT LA — A0 B v 2 T o 35 A6 T 1) 45 4
e A

AR P28 W 2 & 28Uk B e A ] DATE &2 2%
AP R IESE , B B AT AT L A TS rh A2 4
W ELA AR IR A RRAE T BT DR 2 1 i 55 A B
ST FH TR B ol 25 ) 286 SR A 3 P R T A 3, s
P28 AT LATE A& — il SO 3 28 By R rh kA
AR A s R 2 0 4% R AR
ELA W 34, TR kg A Tk B AR R Ay
et 2T E ARASIN % 77 32 %o T B8 20 TR s 3 2R 4 7 A 0 -
G3FRHAFRY R, K Ry H AR A I R B Y AR 1 5 1
AT o 75 B 8, LSk 6y vk AT 48 S 48 5 531 ) s
SR

TE H ARAG I P 26 0 17 1 41 38 0 oy, 2 P B A5 A
) B R/ S 2500 Jir s i A PRI R S 82 AR TR AR
HEATRERAE . SR, SR A 2] 6 1h0 P44 e 1) 8% 1 5 3 AR
B HIME S MBS, — /N ggn g HA DB R,
I, Bt DO 28 TR B 15, 7 R kA b 25 5 AR S A 7
SRR, AELMER H AR KN A 5 W5 A )
FHHEBR R B RAE BT PR Ry X SRR 7 28 5 K B i 48
W2 SR BB IS , B 35 R SUF B AR Y
FRIEZE B Z 0 T — & (23 45 8., JeH X T 18 % 3%
T 36 SR 13, 30k 1 AL Z20 W AT e 3 1), IR0 Ay D I [
G — 2% B 1 24 5% | B 928 R B B NI, ] BEAS -
NIRZE WY BT WL, FR1E 4 718 ) 2% ( Feature Pyramid
Network , FPN) 1k HARK AR, 5 112 3] 1 2 Rk,
JENERRIE B B &S 2 UGEEAT T Rl G 28 {5 BORTE X
fHEM— 8 THRTS . Bk FPN 5] A $3H i
TG 10 E ARAS T 1 2% v, AT DA 3 A ) 2% B ik o
ZW A E R o HLAh, 78 Al I R 28 ) 246 Ak 3 ] 44
B J R R DL RS SRR R = AN ERE Y, 28 [R5 2
UNFI T Z 40915 2, PR 38 A5 B R A Re bk 2
W&, 5 e [RIERE, ey 5 4 s R FH FPN T A il 1) 22 )22
UCRHIE P T 32 BCH B8 A A (5 8 2 0% ST iF 5%
H i

1 MExIE

1.1 FPN

2017 4, Lin 8 A3 TRHIE & I8 M 4% FPN, 4
FRERA LSS R LA AR A R Y AR A
MEmEsE, K1 WoR THE FPN it R, X F e
JEUR B RAE ], FLAL & 2401 (5 B RO RS I R AIE

P2 () oy R 1] bR PR 2 £, SR, B ad X R e &
ELAZARIAY 7 =8 RS B RRAE L S AR R 1 H R
T 1 AR AIE P 2o o i Bl . SRR G R, LR
R PERN R ZRIEE . &5, G R
REE IR N b —A 33 WA FR, Az B 28 1 % R AR
P ik n] LAy Nal A 5 BT S RO B n — 2 A
fiEE P6 it PS I RAEA LAY . FPN J&—FmT LA
T2 U E BRI 114 52 FH L v A 1) i ey 8, 76 P By
B HFRK AR Faster R-CNN''®! |42 i FPN JHuf%
BENBERZIG ,FPN BN 2 8T br S I 25 A1 45 A
FI LR,

convl X1

1 FPN &M %254

XoF T 99 o B s A 00 A5 R S U, FPN RS2 A B
fige s H A 0 A DR 5L, A 2 e 2% Jin 1 T H A 1) AR
S, HETY PR B I AL A K Z2 i ] ROI FEAIE 4
WA 2R AE B2 B A 408 8 328 DX S8l 2 B I 2% ( Region
Proposal Network , RPN ) A= Jili, i) 5 155 1 5412 3 16 $% 3=
T A B RRAE I, 51 A FPN DUE , FRAE 3 O 75
BB T =T RHE , M2 ER0E T i FPN A il A9y
TEA 3 b X T ROI FFAE £ B as ok i, 23 A~
ROI WS 5] FPN B K — > 2 IR AR BT, 2R )5 2R 17t
AR . A1 R e B A 0 WS R K B Sy
w =N b ROL 43 FL BRI & FIE S k)=, LA
Faster R—-CNN JJf§i] , 7 A ffi ] FPN 2 {17, (L #E C4 B Bt
BB R B RAE I - as AT HARK I 5 5328 Rt &, — %
WEN 4, MAZ 1 [R5 A RO Y R
BUN(HIN,224 1—F) I8241% ROL 2 P 51— 4>
FEARZ AR (B, & =3) , % RRE E Kt
WEBEZMANFER, XWRY T AKX 1 5K
BB R I T2 SR R 0] — A

Sfuhy

k= k, + log,( 4

(1)
1.2 BEFEN

o 22 ML) 38 T T ) R BT R B R RN R B
(Squeeze and Excitation, SE) """ | & 2 /R T i 1
EEWALIN LN E 7 9R S b U U I iy AT S (B U A o ]



5512

g ARAE  BE T IR BRI 4 B 00 B T S AG - 175 -

SERPHARKE TR R W ox H x C 42 Jry R AF B TR 46 A 1 x
Ix CJEAR 0T 38 R A, Lok AR 42 J =3 Tl L
BRI R — D RAERE R, il FC-
ReL.U-FC ZZ o 87y > i i 2 [A] AL E 70 A, 75

IX1IXC 1XIXC/lr 1X1XC/lr 1X1XC

A—AHSH r KBRS A, S8 )5 Tl —A> sigmoid #
I PR D — A ] B T P L A 8 — A T )
o TER ) R 2 e AR IR ) T R EERT R AR UG
FFAIE 121 B i AT

IXIxC

W2 SE#ifix& hHH L HET

1.3 HERE BRI

f£ Maeda 55 A\ BWF5E H, ¥ & T 43l LA MobileNet
FI Inceptionv2 A 31 M (1) SSD A 55 4 | FH >fe A6 i 8
JETA 5 T ) B A T 3 I A 45 R 4R
2018 ( Road Damage Dataset 2018, RDD2018 )",
Wang 45 A\ 1£1% RDD2018 _I- fifi ] Faster R—CNN (4
A2 2 R IE %, Kluger b T DR BEA5 RGN
F04y2 0] 55 % FH Faster R—CNN , RetinaNet . [{ #1255k
Eph 2 2 DL SR L 2T

2 REE5RZ®

FPN J2—F S84 T AN [ [ 45 73 B 53 4 BURR AR
PR R 454, B B WO B S50 UE I B AT 4 15 25 18] 45
BARLREST o Sk — 2% G A A A X T 1
HRAEMIARNE . A LI 3838 R AR T 09 4
— HAR AR SO R AR 0 2R AT 55 b 78 B ARK I
U T 22 8 2 T T L R O X T A
PRI B FL A2 L, 2 R A B B i T g 1
o E AR DL, 280 T M A — R I RUL B, SR 5 i
iF FPN A URRE & 73 B PN JZ U R AE TB1 22 1) £
ORHEAANZE 2 A, BIVOE 20 H 3 d o B RRAE 1T, 475 9%
A BRI o 22— KN, BRI, PG R B T8 G 5
WngsE AT RE A JLAME R, I, BEE M 25 IR L
ARG, — 2% W S A L 5% T RE AN 10 TR 2 I 46 T UL
S A BRI s 6] T ) O AN e dR R e % A
B By it —Fh T R 23 A R Ak, DY s
R AT P A 30 G A8 B2, AN TAT 3 9T, 4 FPN A
— 24 AR — A SE #H T E BT IE, fELATERY
BRI AR SE I, AR SE AnE 31 o fry 3 — s X
B UG T, L ngk 22 e %30T G A 38 3 1 P
) AL FET 81 20 o 245, AR R LR TR L A B AR
HAT ARG IR, (7 B2, I LT AN e 24 14

R,

SEBlock6

!

SEBlock4

SEBlock3

” o n

BE 3 FPN 5B iz & 76945 %

AR T 38 T (YRR AR A R 43 0l DA T 4
JEE IS () 2 P 44, 1 AR X6 T I T T T R AR g
JFAERL T 22 RHIEE SR 5 B AR AR 32 BUAR AR 48 ROIT
VEPRRFIE 2 DA TRR ISR I, 7E/Z 400 FPN rh %
JE T FRZ YRR B B B 5 1 X AT — 2B fF A G
AT, 2032 AT LA R i RPN H ) (8] 05 - I X 4
HERVEIE , » SETEFRAE 4 35 b3 A B — R U e
R, w, R EHAE S+ RN x,y,0
b, XTI HE A F- B8 AR R BEAR L), d, (x) S 4%
B4 HRAE RS AE . T LUE X BT BEAF7E
FRIE AT X 55 0 [l R, W SR AR AR ] & SRR T2 0 )2, 1%
VERHHE P, Tk A RAIE S FIE 5 1 )2, SR e e 4l
HE P, &4 RPN 25— RAEIE 578 R P, , 763K &8 1 4%
AT B IR, A1 K P, BB FPN (5
2 IR #~ 5 I8 41% ROT 2t 1 Y & 1E 5 1R BH 77
TEMRAS P RRAE SE R AN —2,

d,(x)=w,x (2)

FERH A AT 5T T A0 4G 1, 703 T I T A
RS qnfe] F1) FHAARE R R E R R B, )2
UIRHIE Rl & T BE 2 OT AR TR R . Z ik



<176 - HENEARS R

532 4%

Ja & B T —Fh A R A ROT [ 173 35 4R iE 42 i
%, % H fiy 4 & RDROIE ( Road Disease ROI
Extractor) , K4 B/ T X —$2HHESL | kb 238 1 24 =X
1iEm g A A 1 B RAE EE R
JRUBEP F A BRARARAE )2 0, B B 0 SCRHIE SR 1T
H T3 e AN  TES BN SRR R R rh AR
{5 SR, e $E & 2 K k )2 DR B9 ROI HIE
HATRG . B 5602 ROI ML Ak Bk | B — X HE R
ROI $AT $5z Kl Ak LA 3R 45 [ K/ 3R 7 1 42 e,
ROIAlign J& 3 Be e A 7 19 i AL B4R | 38 2o 6 i i

D
: :

FHIE I LAY ROT K] 73 A2 B4 A, I A B4 A% 1A
P R0 P A ok 46 /0 RE R A5 AR BT IX Bk, 285
ROIAlign W AR H A i ROT RAAE#R HA A [F] 1T AR
Bt e — A~ POk AR R, JHG O g A i Y DX s i
it . ZSUE T —A 5x5 BRRUE, KI5 1
—ASRARAE , G K A A2 R0 S H4 ROy
fiE, AEFRZGR PERG AL Z BTN T — NS 404
IR X — 2D K STV I 45 25 o) 4 JR) R AR, 0 5 f 24
ROI FFIERI(E B REJ) o G PR MEE )R,
X2 EE HAR R AER

A4 %@k E ROIFEIIER

PR R ARG Y T I B A R A A R K
A A2 P — B BEASE AR 1), DR It SR FH TR I B3 1 3 45
RNV R BELAHY  VE I 174 FPN 1Y Faster R-CNN,
15 R T i FH 0% i s DU AE 2

3 X I8
3.1 SLRAET
o T % T A 00 S 10 A fR ARG TN 3 Y

e
-’

H5 3d&mE e s

TZSORE U S BRI 4 35 I 28 7 P B30 4R
17 T 83iF, — > & RDD2018, B4 3k [ H A1 7 4> M
75 (Ichihara, Chiba, Nagakute , Sumida , Muroran , Adachi
H1 Numazu) , 359 053 5K EEFEAS A 7 240 5KF11 813
TG o VR SRAEA AR A, 28 R
o 8 AR I FE R F 2, o3 =R ) 44E (D0O)
Y 4% (DOL ) |, i (] 244% (D10) |, i (7] 42 4% (D11)
B2 (D20) , 45 65 TURE RN 43 240H S — 28 1) D4,
MNATIERBR (D43) A LB (D44) ., — P EREHA
L iR A 7 B TG 3 R 4, 0 2 297 sKIRHA Bifi
BLEERE T Hrb 2 072 5K H T 45,225 5K FH T30k, 4t
NI, ol g2 9N 1n] B4k ((Typel ), B ) 24 4%
(Type2) JEEEAN (Type3) HORME AN (Typed ) ikl
(Type5 ) FIHURZL4E (Type6 ) . &1 6 23Sl 45 Hh T PIA>
BAsE RSB, (a) 72 SCH B I 7 36 1 s 3 L
PR R, (b) 4= RDD2018 iy 7w 1, 76 Il 45 4
i), X% F A O R R £ s, 0 il i i UG i

GRHR/NH 4 000x3 000 11 5 43 R EME, an 2R 408 H
R A PR B EURAE I Gt A 75 B2 KRR GPU Y
17 LA BN St [ s B ASE Y1 AR Ak R A %o 3
PR K PR R /NS Ry 1 333 %800, 33X S e 7 Y
BRG0Pl {5 A 43 5, W AT DA R 506 3 7 U b
SR AT DA 2D 7 I B B B R i 75 ok, R
BN, P A& —3 GTX 1080 Ti 11 GB GPU,
L R/ BE BB AR KK (X T 3 — ke i,
IR SRR S A AR ERR BT LAAE U R 72
i E BN 29S8, AT e, 5 A EHR B
BN % 220, i HAEAT T BEHLACT B BEHLEES N
0.5, SR A TR 15 59 RGB T8 - i 35 (i Fl b o 22
HHATIH—fb, TERLLRBRY L 5 Z AR BT
A BIERASE R A B AR SCH S, R E AT TR FE AR [F]
HIREE B AT UNZRIE I, B T 48 4 0 2otk () FPN A
Beah, H Ay HS AR TR A G E, PR 9% S fE
MMDetection 1 4 H&Ail T A6k I & SCH 5k,



5K FRAR T OR BT < B 1 B T G - 177 -

(a) (b)
He6 mymERRTH

3.2 ZRER

SKHHFET 10U #2500 DU I 39 00 iy A 5 B s
FRVE (Ground Truth, GT) 31 FAHE | DTG 8T 78 67 & 75
iy, 402 TOU=0. 5, WA A 2 FEHE )2 TP, Ui
I0U<0. 5, WITA hyiZekar i i1 FAE & FP, H1 T H An A il
TS B LM (TN 3 — M, RGBT 48 A 32 22 2
HET TP FP Al EN B RG#5% P FH B R | 73 5] €
SUH

TP TP

P = b TP BT 3)
TP TP
R= b+ FN ~ 7 oT e )

TEMCEEAS - FL 20 BOR PF M 46 0 25 21 FL 43

BoE LT .
P xR

) P +R (3)

# Faster R—-CNN ResNet-50 with FPN 1F h 2k
5L SRIEAE IR g I AR Y S G A
FRIE 4 F 3 At (7)) ROT SRTE$R LA, £ 1 /R T
FEWT S| B 0 J5 1k I, A 10 A 0 i I T o 7 e
£ RDD2018 M4 [/ F1 73404k,

A1 HARBEXF EEMNKE LM F 5%

F1=2

ites RDD2018 Wi T AR AR
FELL 0.614 0.397
+SE 0.619 0.401
+RDROIE 0. 630 0.415

W1 s, R %) FPN R8T SE,
RDD2018 L) F1 430 0.614 Eik3 T 0.619, 7E i
T BE S F 0,397 FEKE]0.401 X GEW] T 51 A
T R I A RO A 0 R T A R R
A5G, AR5 i BT 42 T8 I O 3 R AE 2 B
RDROIE , JS BRI 52 5 FE W AT 5, (H K 3R 1 vha] LA
FH,RDD L F1 48 Bk T 1.1% K58 L THCH B
355 0. 630, LM, 7F 5 T B T APE 4R b
BT 1.4% A8 T 0. 415, X U6 HA T T 1% 1 35 /0 H
Prdar AT 55 i, Rl T 22 1% J2 Uk AR R AIE T8 A 808 .
2 BN T ASRIBALE) F1 43806 L,

k2 REBAE Fl 5Tk

e RDD2018 Wi AR
SSD 0.526 0.148
YOLOv4 0.483 0.279
RetinaNet 0.456 0.324
FCOS 0.533 0.385
Faster R—-CNN 0.610 0.363
SCrp Al 0.630 0.415

TEYRUE T P2 1 A AL el ik ik A R s, 5
MR AT R B ARR IS AL ZE ARSDD Ml 5 #1471 Lk
B, MNER2 HATLIE BB B A Faster R—-CNN Al
P B AR 25 R LW B4 T — B Be A A SSD
YOLOv4 RetinaNet fll FCOS, iX it B 1 7 B Bt H A5 A6
TNAE S0 i B 1 (65 T 2 R 0 b 1% 7 FH N 2% 2 T A 4K
1), FCOS J& i He BT — A~ H bRk I AR AL 3%
BRI ST T A 3 121 SAE (9 B8 BB 7R 1 4n COCO
SN TR AR bR T/F 2 TRHE Ry B AR Al
B, IR 2 ATLLE 2B AE A B S 1Y FL 43
BB S AL T AR AR R
3.3 ZRSH

&7 SR T SO RS AE P B R R R YA
LS BT (a) K 2] 1 — L35 7 [ 5040 4 v 0 i
4, [FI3E, E7 (o) Kl 2] T — 2 fa R (D20) , R
BEAE A T AR E UL R X R ARG YA DU T
SYEEN, O E 7 (a) LAY RLEE 2R T (b)
E vy 1Y B4EE | 5L T AR S A R AT B S 0 T 45 AR A T i
2R e KAl S

@)
|7 AR R T

4 HRIF

B B T £ 5 B 2 B W 08 TE G2 AT, A S AT
ARG | S A 2 B R A S P 3E T H AR AR
U 5 A R ) T e 2 TR S o TR T T b
AR B IMEE AR5 S A T PPN LR AiF 2
WSS SR 5 R T bR 0 e S WL 7 B B
Bl_E A28 T o T R AR £ P A D i, —
A VE T Sy L A AR £ 2 U R AE PR L
45 10 SCRAERE F7 . 5 A7 i R A A S e 3



- 178 - HEPLH AR &R 32 %

17 T EF T, LR e E 1) ROT AN B A AR T
B U RAE B 0T A T IR R R R
{55, 5 R T Faster R-CNN 7E RDD2018 i
TG AT T AR R AR T B
(B TE [ 3 S0 B 1 i 4 DA B N SR 4 5
HABBERIGEAT T X AU, 25 5 3R I R AR T
HoAb A5 R

Sk

(1] &% W88 FF, 0k 1,45 Ui i SRR BRI S e SR 2R
WOIT. PR AR : FARLARR,2021,52(7) :2099-2117.

(2] 5 RRERE BRI S BRI EOREEIR (V] 2Cil s

TS ,2017,17(5) :121-137.

(3] meeL% ) fREME, % BRI A ALLT]. PEA
[#,2020(3) :66-68.

(47 WEEREE, R MG, A8 . T I TR S 04 I T 4 A i A I
Jrik[]. R BT R 4l FARBLA T, 2004 (9) :82-85.

[5] W03 WA A SR RS R R LRIR [ T]. sl brifEfl,
2009(17) :96-99.

[6] KIRSCHKE K, VELINSKY S. Histogram —based approach for
automated pavement—crack sensing[ J]. Journal of Transportation
Engineering,1992,118(5) :700-710.

[7] OLIVEIRA H,CORREIA P L. Automatic road crack segmenta-
tion using entropy and image dynamic thresholding [ C ]//2009
17th European signal processing conference. Glasgow : European
Association for Signal,, Speech, and Image Processing ,2009 ;622 -
626.

[8] KAMALIARDAKANI M, SUN L, ARDAKANI M K. Sealed -
crack detection algorithm using heuristic thresholding approach
[J]. Journal of Computing in Civil Engineering,2016,30 (1) :
04014110.

[9] CHEN P H, SHEN H K, LEI C Y, et al. Support — vector —

machine—based method for automated steel bridge rust assessment
[J]. Automation in Construction,2012,23:9-19.

[10] GOODFELLOW I, BENGIO Y, COURVILLE A, et al. Deep
learning[ M ] . Cambridge ; MIT Press,2016.

[11] KIM H,AHN E,SHIN M, et al. Crack and noncrack classification
from concrete surface images using machine learning[ J]. Struc-
tural Health Monitoring,2019,18(3) :725-738.

[12] LI S,ZHAO X,ZHOU G. Automatic pixel-level multiple dam-
age detection of concrete structure using fully convolutional net-
work [ J]. Computer—Aided Civil and Infrastructure Engineering ,
2019,34(7) :616-634.

(13] 2= . FET IR ) (BT Sk B A I O ik F 58 [ D] K&
KHE R ,2021.

[14] BRErF, 22 53 FEmH0, 55, JTIREES: 2] YOLO BRI 5 i
LI X 7 B T 5 BRI [ 3] S B AR . B AR R
2019,15(11) ;75-78.

[15] LIN T Y,DOLLAR P,GIRSHICK R, et al. Feature pyramid net-
works for object detection[ C]//Proceedings of the IEEE confer-
ence on computer vision and pattern recognition. Honolulu:
IEEE,2017:2117-2125.

[16] REN S,HE K,GIRSHICK R, et al. Faster R—CNN : towards real—
time object detection with region proposal networks [ J]. IEEE
Transactions on Pattern Analysis & Machine Intelligence, 2017,
39(6) :1137-1149.

[17] HU J, SHEN L, SUN G. Squeeze — and — excitation networks
[ C]//Proceedings of the IEEE conference on computer vision
and pattern recognition. Washington: IEEE,2018 :7132-7141.

[18] MAEDA H,SEKIMOTO Y,SETO T,et al. Road damage detec-
tion and classification using deep neural networks with smart-
phone images[ J]. Computer—Aided Civil and Infrastructure En-
gineering 2018 ,33(12) :1127-1141.

(191 XUZEHT, 008 [ A RE T TR BE 2 >J ) T8 I S T 25 A 00
ZR[ 1], it 2021(8) :96-98.



	封三
	页 1

	封面
	页 1
	页 2

	封面
	页 1
	页 2


