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Recognition Method for Pipeline Ultrasound Image Defects
Based on Improved YOLOv8n

ZHANG Xianwei', ZHANG Yang', YOU Jie?
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Abstract; As an important component of pipeline safety management, , it is crucial for pipeline defect detection to ensure
pipeline safety, and ultrasonic testing technologies can be used to identify and assess internal defects in pipelines. To address
issues such as low execution efficiency and false or missed detection in manual analysis of testing data, a defect recognition
method for pipeline ultrasonic images based on an improved YOLOv8n model is proposed. The dynamic serpentine convolu-
tion is introduced into the C2f module of the YOLOvVS to enhance feature extraction capabilities for defects. Dilated convolu-
tions are integrated into the spatial pyramid pooling fast (SPPF) module to reduce the information loss of defects, and a
shared group convolution detection head is used to reduce the complexity of the model while improving the accuracy of defect
localization. Experimental results demonstrate that the improved YOLOv8n algorithm can automatically detect defects in
pipeline ultrasonic images. Compared to the original model, the improved model increases the mAP50 by 2. 1% and reduces
the computational complexity and parameters by 15% and 7%, respectively. The improved model outperforms other main-
stream detection algorithms in overall performance.

Keywords: ultrasonic testing; pipeline; automatic defect detection; ultrasonic image; YOLOv8 algorithm
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B A Iz AR I RO RE . (E T AR H R Oy k.
Mosaic IR A 058 . BB . FEHL B A0 58 50 R G L
BEL S BE SR SF, X SR IR ARy YOLOWS
o ) 5 BRIABL B .

3.3 EEHIERR

FEASHF ST O 20K B 3 (mAP) Sk 3 4k 55
RIMERPE . BeAh, AT AR A S5 & (Params)
MG e (FLOPs) fE R BIhn, WA BR A9 &2
AR, XEPRARIRUE T — e m W A, . =
BRI R AR 55 PR B, BRI F ., mAPS0 &
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W IE (FLOPs) i 552 70 45 #0 PR AT B9 1% 3l sz 5 IR

B R RIS R IR . TR mAP (A .
TP

P=Tp1TFp (6)
TP
R*TP+HV (7
1 N
mAP = < >} AP, (8)

3.4 HEAXW

DR T S A AR R R 5 A B A R PR ASURS AT: 55
MR AT AT TR RSl A AR R S BR
SRR AF . AT R AT T3 Bl [ A e Ty SO
BB TR, Lk g C2f Bk . ek
SPPF b, R ALK il Sk BB 75 AL B C AU
o S 31 R S 5 TR VA S AR B S P BE TTRER R P 1]
RO+ DT B B0 A5 R S5 3 ) 4 TG PR AR . S 4 SR Ak
2 Pis

*2 HESE

RURERESRTE T 2. 1%, IR EMSBEESH BT 15%
M 7%, Bk E, DSC _ C2f fil DPP & 2 T 45 & 4
RUM A IS 3, SGDH B8 % 78 B AR B T 55 A 1 [v) it
PR A, B = Fsol iy A BT R —
ROAE . SCERIE B T e 28 1) Bl R R R AR B T L R A R LA
A B RRCE.
3.5 XfhbRIg

R T 25 B UE A W 5 B A BOE Y YOLOVS
RYM R PERE . FRATHEAT T 5 JLRR AT 9 R G 0 33 1
Xt HESE G . T A Y6 HL B R A 4G 2 A RRAR 1) YOLO, Xt
L2 R B g5k 3 Fios .

%3 MR

Bk P/% | R/% :(;j\; Pa/r;/[ms Fl;iips FPS
YOLOv3 tiny | 82.6 | 87.8 | 91.9 | 12.1 19.0 | 215
YOLOv5n | 84.6 | 86.4 | 92.4 | 2.5 7.2 261
YOLOvén | 85.1|85.8| 91.0 | 4.2 1.9 | 236
YOLOv8n | 84.6|85.0| 92.2 | 3.0 8.1 248
YOLOvOt | 84.2|87.3 | 92.5 | 2.0 7.8 214
YOLOvion |80.7 | 85.1| 88.8 | 2.7 8.4 267
YOLOIIn |85.4|84.6 | 92.7 | 2.5 6.3 282

A 88.3 | 86.4 94. 3 2.8 6.2 194

. mAP | Params | FLOPs
YOLOv8n|A|B|C| P/% | R/% 50/ % M /G
J 84.6 | 85.0 | 92.2 3.0 8.1
J J 85.8 | 86.9 | 93.3 3.3 8.6
J J 88.6 | 84.3 | 93.7 3.1 8.5
J V| 83.7 ] 856 | 93.0 2.3 5.5
J NAN, 85.0 | 86.9 | 94.2 3.5 9.0
J VIV 86.9 | 84.5 | 93.5 2.5 5.9
J IV V] 088.3 | 86.4 | 94.3 2.8 6.2

gk 2 s, F S0 R 2% b i As 1 C21 B8 B 4y
DSC _ C2f BiHe, . 13 BIRF mAPS0 4 5 $2 T+
T12%. L9Y% A 1. 1%, SRR A A 3 . X
FH] DSC _ C2f 7 42 = BB B 1 [ B I oK B 35 38 n
TFE G, eI IR Ein A SPPF #ieik, BRDRS BE 4R T
H2ve, RETHRERMSECGEA I, FA T H A
B R, XA A BRI TR R R RE .
WUt SPPF B, AR AE = Fl soph ol i b a4y,
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WA SE 0 AHAE S T A OKS B Oy E R B T 0 A
B TR IR bR R I Sk i, BT AT AR BERRAG . A AR
FRLHA, TR EMSEESHTRET 277/ 16%,
BAOPh PR A D Sk L ARG R R AR, AR T AR
BERL mAPS0 2T T 0. 826 My [al if o 3155 & 1 2 4 4y
BITFRET 325 23% . & F T35 % IR RN
Sto Ica s RIS =Rkt gy S, BRLGR B T st
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B, [ OR RS T RARM T I AY . AR T AR LR A, A5

N 3 h A RLAE W, A ST BRI ek
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RSP YOLOv1On, YOLO11n #8575, #;4 Bg 57 30 45
KT, mAP 43R K 5.5% M 1. 6% . REG1ESE &
g N Il o= = W N S [ S 28 = R < 1
I RE Z [ A T BB AP . eI R Dy I, AR
T AR H 4> 194 ot iy A6 00 3 2 475 B 1 A2 A DU
WK BARE ., A SCBRTE QR P RS B0 fit B %
SR E B, S 5 T T H Ak D i) v B 1

i 8 & YOLOvSn Al i i) YOLOv8n P Fifr iz i
BRI mAP@50 2R IE00, I, AR
B mAP@SOH# A T 8 E NIRRT, ANk, it A
1) mAP@50 4& Fh 3 BE B AR, FEFT 20 4> epoch P i 1
e R T E RS, 55, BidF YOLOv8n
BERY (RS BE KB 43 4B 5 T YOLOvSn LAY, AL Z T,
YOLOv8n 76 HI ] 19 58 A R 07 22, e st B 4518 X
F WA SCHE Y BB AU A 3 T A i I R AR fE

T UL IS S SRR R A T D A R R DU R
BB TE AR SO DU W 2% 5 et Ji %) ) 45 7 s 4R 1 1
TR ATX L. WE 9 R, K9 (a) FIRIE G
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