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Drainage Pipeline Defect Detection via YOLO and Feature Extraction Guided
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Abstract:  With the increasing complexity of urban drainage systems, traditional manual
inspection and single model-based defect detection methods suffer from low recognition efficiency,
insufficient segmentation accuracy, and heavy reliance on large annotated datasets. To address these
technical challenges, this study proposes an innovative defect detection method that integrates the
YOLOv4 object detection algorithm with multi-feature extraction-guided SAM (segment anything model).
The experiments demonstrated that, although the YOLO+SAM integrated approach achieved effective
segmentation in conventional scenarios, its performance in handling complex defect shapes (such as
cracks, root invasions, and disjoint) remained inadequate. To this end, three multimodal feature extraction
methods—phase consistency analysis, fractal dimension matrix computation, and edge detection
optimization—were introduced to enhance the model’ s ability to represent heterogeneous defects.

Experimental results showed that the combination of YOLO+feature extraction+SAM achieved significant
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improvements in detecting typical defects like cracks, root invasions, and disjoint compared to the YOLO+
SAM approach: the recall rate increased by 17.1% to 24.3%, precision improved by 24.9% to 44.4%, and
the F1 score increased by 23.1% to 32.4%. This method not only provides clearer defect segmentation

boundaries and higher recognition accuracy but also significantly reduces model training costs and

labeling requirements, demonstrating substantial engineering application value.

Keywords:

pipeline defect detection;

segmentation; defect grading

Bt Ik T AR AR B IR, HE K R GEAE DR A 3
AN KA BT R AR B OREEEM . AR
M, T HE 7K 48 18 K 0] 32 31 20 855 A ] B3R A 52
Me, K 2 RLEE AR RS AR )BT, 3K AN Y
R A TE IR R DU Rg , 8 AT RE T APt K KBS
AR, HIL, FHRER A S KR
T S 87 RS T 8 A SRy R T R K it T i N A B
I DIRE SR o O A A R R AN (L R A% A £
Wl HEK R R IE R BT, i RE KA 18 1l 75
iy T T VA ) A KRS o ARk TR B 2R ) B
A FEHE SR T B A M40 YOLO B fr ke i 5
AR HEK A 18 SR BE E SR SR AT Tz
FHZ 2B SR S R0 EHR AL BERE T AN R 47
oz WK B, 1S kg S 0L SISt o Az D 1) A7 3550 e e
22, JU AR () sl 0 Pl A4 v A7 A 1) 22 Tl ik g 2%
AL, BRI, YOLO AR it | T ik S 3R 3R G i sk B 47
), 31X — Jay PR B4 e 1 G RS LR R 44 1
LSRR RAE .

g B A% ) 1 SOy R AN FCN | SegNet
U-Net Fll Deeplabv3+45 75 HE 7K 45 18 s g 1H 0 v A5 2]
TR X EEOR BRI A RGP Gk E A 4E T, e
AR AL PRI Z% 45 T AR BLET , BRAS TR 1) 2 ik [ 25 )
IR A e . A It 1 S T VAT
T I — 2R A, 32 B A I A AR AR A v a0
YIRS, 3 3507 IV 25 A ZBi Bt AR
B o UEARR BT MR o IR AL SAM e LA )
F B R B T #2278 (prompt—based ) 19 43 #1175
3, TOFF B X REE AT 55 HEAT R0 | (LT $ At 187 PR 1Y
BGRB8 (gl HE B SCAS ) BV A] 552 3P SORS 1 3
H X R AR HE KA T RS R Ak
o LA PR — 7 TR BR A TN AR i A
() 1 28 5% WL AS , O3 — T T 38 3 A AR 2 2 (zero—
shot learning) B8 JJ i F$E T+ T 8RBAE AT AR, R

SAM model;

phase consistency; semantic

B SAM 7E Z BT REA 205 HI kb (B FEAL L
fA] 254 52 2 ol s SRR 0 e B 1), Lo B R A
JRBRM . 24K YOLO Fl SAM 45 4 i (YOLO+SAM)
G el i B I ot = o N | B2 N v o R |
bR, (0 SAM AR AR/ | T 6 42 2% &5 #6) Bt 0 51 g
FIATREAN I o

R, T —FhRlG YOLO B3k S5 4R AF $2 1t
FAR BT SAM 9 HEK A T8 BB R0 B i o 7%
Jri, YOLO B892 17 53 487 T S B 19 9] 20 28 o7, R IE
PEMCEL A ORI — B0V 30 2 i 53 T8 4 BUF BF )
FH T35 e B R AR RORS T 2R 3K T SA MBS 78S DUJ 52 R
S ARG 20 4 B R G Tk SR RS TUDRS B
TR BLR, Shy A8 T SR A D R A4t 1 B o s A 1Y)
ff T4
1 HKEEFH &

CRBEHE KBTI S5 PG H AR FRE ) (CI) 181—
2012) K HEK A4S 18 BRFA T 50 11 25 R e A1 5 2
T RE VE G, g 288 Tl g 2 7™ i R B S 43 SRy D A 45
Y% . TEARWESEAE FH B CCTV A S5 505 12 v, Bl
Fa o A AEAN Y I 4, Forp AR (3R 8E B 11 3R
S5kt TR0 0 3K A e o A Ay AR A A B o A X
T o T EIESLPRIEN, BEHE DL T H 2 EBE R R
WFFE XS 52, LhB AR A B I 25 5 DA ) A o S 25 21
ATEEME . YOLO Bl 460 1% 600 sk HE/K 457 18 F5, %
WO 111 E A3 BE ML A 43 R I R 46 AT 4, A
BN G S5 I0E . SAMAE R KRS I Zrpsi Y A
AR B I YOLO Hai H ARG I HE - 52 1 201
1255, TR BIMIGRFEA

AR, A5 LT 5B Q% br
AR B b i TG HE K A B A TR
HBRTE , B A B 107 5 2E0ME B, 8 YOLO
AU At LA A HE . @ YOLOv4 Fa AL B | SR
FH YOLOv4 H B 0 53 155 ok 22 24 R0 [R) 47 e g R 47 Bl

+ 123 -



BA2E F11H

v E 4 K HE K

www. cnww 1985. com

7 A 5328, AR U B 1) 100 ARE R 4 I A
58 . GFFMFRBUSIHR Xt T 40 F1 2R A g (4 5l
FH EHHARIYOLO B2~ A (5 B, X F 2 FIAUER
AN BRI 25 A S A AR 0 — Bk 4 e 4
B T B BRI o 245 4 1) S BERRR AR B A B (T 5
SIS SRR ) o @SAM 4> BB B R i 2
A BT SAM 3 E B R L 5E B R B B4 BB 43
Hl . OB BATH  FE T4 F 45 A BBk i 4 L
fa] FEAF , 38 2 3 B 08 LA JE M S B (iR 2
1 TERESE)  HEATERPE SEATAL

| | Y T

Jels

i
i ALY
PANet

—_—
ERNCES
CSPCarknet53

T

E1 A&k
Fig.1 Method flowchart
YOLOv4 #: il 2%

YOLOv4 B 3AF o H i Be F ArAS: I 4t 9 10 3%
PEJy 00 L S5 e G 2 B 7, SR FH LAY Y = 20
PRBET AR AR BRI T RO 2% R Rl G 25058 1) 45
Rz Sk o Forf ) 3 9 48 5L T ik ) CSPDarknet53
HEH 3 T B B B 43 3% 4 (cross stage partial con-
nections ) SE B = 84 1Y 22 RUBE FRRAE R IR . 0038 1) 45 401
BrvE Rl A 1A ] B AL (SPP) BT HU RN B 12 5%
B RI2% (PANet) 5, BEHE 5 1 H5AIE 4 7 35 1Y AT
REJ), XL T Z B URE I RlA RR . Rrl kR
22 ROEETMALE] , 78 = AR R R E M RE R 3
Froe W HARBY 7326 5 0 FRE [T AAE 55 o X P& 1
AR EAS I 3 B2 09 [ I, 8 B ) A 0 32 R
BEVE 8 T 2 M A 250 i BAR U 55 .

1.1

TR S

LA e : : RG]
BT T |
SPPHH
CSPCarknet53] -
— S| %9 [
& @ ) L G
RN
|-= . I o EARA
f-
)k
PANet fi 4t A

2 YOLOv4 M r) T/EHLE

Fig.2 Working mechanism of YOLOvV4 network
1.2 $HERE &

T PEIAR AL AT, B X5 HE /K A 18 Bk B AR 4
WO TR IIDORS B2 A O BERR AT . AR SCHR ) T =l
RO R IE SR IO V5 « TR — B Y SO B
T5 % LT LT B8 00 AR B B 115 LA K 28 i
GG I SE (WLIET 3) o

AR L3k B A b ]

it gy Peo [ oo [
A(2)

a. A —HrE

SHIB AR RCR T Y

b. G M O
BRI (B E B

Go |2t | 31 ] 5%

3t | 9% 61 2t

7t |4t | 27| 2

gt | 1t | 3| 2~
c. JGHTI

E3 HFERIURIE
Fig.3 Feature extraction principles
IX B T7 9 A X A [ 2 2 ) kg e AR EL A R S
PEAG I BE 3 A — B 5 128 T SCH a1, fig
ARG AR b 0 35 R AR R i T SR R
s HA AR 1 F s s 0 TR EROE 2 T 02 L
i B i o AL R A LA A2 20, U HGE T
HAT FARRIAEFAR K LA AR AE B B AR, If RESE it
Z RE U5 B R 2 ARG M R AR BTz 5

124 -



www. cnww 1985. com

X8 KT YOLO Ao 45 42 7] 5 SAM 9 /& i B 440 m) oy ik

%A2 5 H 11

NGATIMAE A EUR A3 BT rp i e M R 3222 T4
HEMG G0 T B e BVRE AT 55 h RIS
ARG 3 B P P ) S AR AR X 8, Ry IS B2 43 HIT
AR T EE 30 RS o Wt A =R is ]
PTG DUDRS B 5 0 BUSUR
ARk, M — B sk A 2 R £
I i) Log—Gabor 31§ I 7% 41 42 B % B AR 15 B, fiE
i A 5RO R R ) SRR R S0 R AR S
SUMATE S 22 S5 o A0 R U i T 5
B RUEE SHIT 1] O, THFAB RS FR (S 135 % FR

(2) ], EAL R AR, — B[ WK 3(a) | 2B 4EEL
FERE 2 T AR 0 U 5 2Rk R i & 4y
BT 2R 4% 5 FLAT F AR R RS B DU 285 (%) SR B AR AT
7 1R AR R TR | i DR I R0 TR
PEAT ZAHACAL B, JF T RO T A T 19 E
25 g T RcE N L (3) DR ARSI S A0 B2 [ UL
K 3(b) ], ZRHLAY Canny 11 K6 I 343 D) 3 5 = 0
DS R TR R RE R Gl WU (4) DFidE
FEAR IAEII T (NMS ) FUUL (B i I Ak B R3] B
Ay LWL 3(e) ],

(A0 R L A, R 20, [ IR (1) ], Aso =[EO,, | ()

S AT S A @ A KR PC,[ UL Dso = £E0s
=t [ cos (B, - D) - |sin(2,, - @
PC, = s=171s. [COS( g ) ‘S ( - )H.wo (2)
I

o [v(1.9)] A B 8 R A 06 2 1SR 2, 5 4 B R 3

D(q,S) __}llnww (3) (skip connection) ¥ A , B K & 25 (Al 40747, far H 15

— . FGOVEIAE R o KRB AL SAM 2% A

¢=J6 6. 0= t(c) 4 (eroshol) LR 51 5T AL I HATRFIERUR (5 5.

K E R ERE R, th 2 RUE S8 Gabor U6
i 5 BRGS0, AR 98 L 1Y Sigmoid
IACRE, T (55 T4 N (T, S)UERAE
R JUEE S M T, T RS & F B ;¢ IS
B T2 Hr b REE RHE s G, G 3 51 R Sobel
AT AR R o) AV 1] BB R 5 G OB E R 5 0 D B R
77 1]
1.3 &I —VIHRE(SAM)

SAM (segment anything model ) 1 2 4 Rl £z 5 i
F10 38 P P8 o3 IR R, R A LB A S /s 3K 8l 7 31
BILTR , 7R K A8 ke e A 00 s Joe B Y I 2 P
AR 2B A SRR W] RE AT 45 2R R
T LA S0 HE  SOAR S AR ), 523 H A DB g
WOy BAKTE , REEH i@k YOLOvA 5E AL 11
BRFE X g4 A Vision Transformer (ViT) i i 4% , 1% 2
T 2% R ] 16x16 B AN T 4] 43 5 mg , Jl i 23k A&
FIMU ST A2 SRy R SCHR AT I $E 45 T8 B B
BRI 4R ) o $ER gt & R T i ik
T8 23 (B 5 78 (AR e 320 UHE ) SRS A R AiE 1] 6
DL S or B f . TERRERLG B B, R A GE 2
2& SIE 7 J7 (cross—attention ) HLHI 5 $& 78 R 1E 2l 24
SEH., ISR R DX e SR L R AR

BRIV AT A 2l 2 RIS L

. FEIEEIR
B4 5EERFERNTTE
Fig.4 Detection methods for five proposed defects
1.4 HEELEMEIER
AT PEAS Y OLO+4FAE 4 B+ SAM AR AU A HE K
BB 7 B R APERE R FU B A OV A
T br , IF 45 AR 0 A R AT R B A o I
K 3 (Precision ) FH i d 50 B 0000 A4 k3 15
P ELSCERBE A L), 4 1915 (Recall) Bz AR 0
FLIRBA R R A TUIRE J) , F1 03B 44 Tl S Rk
i 23 A R AP 22 250, S T A R ke s 4 TR g
(4 [l FIFUI B9 Al FEVE ORSRR ) o
1.5 JUIRAE K GRBE 5T R
TE5E R B 7 i, 75 12— 25 B HOAS [R) 26 1

+ 125 -



BA2E F11H

OE 4 K HE oK

www. cnww1985. com

BB LA vk AR IR L AV A T 0 PO o BB
ITRARES IR CJJ 181—2012 FRAYAH S HLAE , MG
FP IR TR AR IR B A LT S8 8 T KGE
BB X 53 AN TR 0 7 E A G, AR SC LU IR A
VWi EI B R ), o B R AT TUATTRRAE A B S 2 S
B (WLES) o XFF4E 0, B e R Bk b i 21 Ak b
THA Feret Sl B2 K v o5 PRI P, , I FH % $5 20 % 422
(CEIE AR NN S o Nt 7 (Ve E = S]]
TR LR AR, e AR RS 1 e K98 5451
AR AR A LA K X T RRATY , i 2 i HOH:
FEEE R T A B AR, TR R A A T
T R EUARL, 38 0 52 B SO o

JLITHLIR R A BRI S
4 petox LKt
19 B<0.5

29
3%
49

0.5<B<1
1<p<2
B>2

Son
a="E8,100g;
) S

19| a<15%

2%
3%
— IEEA

15%<a<25%|/
25%<a<50%)

a>50%

b. FEfis4)
E5 [ERBRYESEONRESERIFMHAE

Fig.5 Classification calculation of obstacle and disjoint
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