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Defect and component detection method of oil pipeline based on
heterogeneous diffusion model

SHEN Xiang-kai, LIU Jin-hai'
(College of Information Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: High-accurate defect and component detection are essential to ensure the safe operation of pipelines. Aiming
at the difficulties of low accuracy and poor generalization of existing detection methods, this paper proposes a novel
pipeline defect and component detection method based on a heterogeneous diffusion model. First, the raw magnetic
flux leakage (MFL) signal is pre-processed to reduce the influence of negative factors such as noise in the signal
acquisition. Second, to address the difficulty of feature extraction, a feature extraction method based on sparse attention
module is designed, which establishes the long-distance dependence relationship between the MFL signals through
sparsification and then enables the model to focus on the information of defects and components. In addition, the
traditional feature pyramid network is replaced by the path aggregation feature pyramid network, which fully ensures
the completeness of multi-scale features. Finally, a detection mechanism based on the heterogeneous diffusion model is
designed, which converts the candidate frame regression process into a denoising process for random frames, which
reduces the model's dependence on a predefined anchor window, and in turn improves the model's generalizability and
accuracy. The experimental results show that the average detection accuracy of the proposed method reaches 97.4%,
which is better than the state-of-the-art comparative method by 3.5%, which ensures the prospect of its practical
application.

Keywords: magnetic flux leakage testing; pipeline defect detection; pipeline component detection; convolutional
neural network; attention mechanism; diffusion model
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%41 % 1 4.0 %, XRPPTIEHITEEAR S w12
AIF2. BEAN, 24 ToU 7E 0.5 ~ 0.95 I, it ik
ATHER L 4% 150 1o A RS #E R R0 4[] 6 X 3R I B i+
V2511 58 AV HE B & T FLARAE, 5L 2% B v IR 8 AR B
BTt 7 v AR e e R 1 SR RS S5 R 1) 321
0 T 5 AR L R % A AR 2R SGA: dR b AN LA (1)
oA B, AR 7RIS LB k. A, £
G RFAE 4 7 3 R 25 0l B 4 N R AR R B I & 7 3%
W 2%, [ 15 )2 0 B A5 B A THZ 15 U5 S5 578
SR, HH5E T 2 REFFER 524410, 2) Frde i i
SR Bk 2D 7 BT o 4 A R R, i —
ARTE TR 2 RO B AR I ) H & S RE 77, i
AR T A2 ARG

&1 IoU A 0.5 BIRE A AN EER %
Precision Recall
Tk
BB JR4E X =i A SR BB FR5% S =il A Je B
MSSD 94.3 88.5 96.4 94.8 91.8 92.1 95.1 96.1 96.4 952 922 93.2
ConvNeXt-V2 96.2 91.2 97.3 95.7 98.2 95.6 96.3 95.3 96.1 95.8 96.4 96.7
Sparse R-CNN 95.2 92.7 93.9 96.3 95.8 96.7 94.6 93.1 94.2 96.4 96.1 95.9
MMSM 93.5 93.1 96.9 97.3 97.1 96.2 93.9 94.3 95.3 97.6 97.2 96.5
Proposed 98.6 96.5 99.6 99.8 99.8 99.2 99.4 99.1 99.6 99.7 99.4 99.2
#£2  IoU A 05 ~ 0.9 ARG AMSLIER %
Precision Recall
Tiik
BRI JRYE B =i S KB Bk R4 B =i S Fe B
MSSD 58.8 85.0 66.7 78.5 90.0 90.2 66.9 90.5 71.1 81.2 91.7 93.1
ConvNeXt-V2 56.5 71.8 60.8 65.2 72.1 86.8 72.0 89.1 70.0 80.4 82.9 88.9
Sparse R-CNN 62.5 85.2 65.4 79.8 94.3 93.0 714 91.8 72.0 82.6 93.8 93.2
MMSM 62.2 86.7 64.3 78.6 95.1 93.6 70.1 92.6 72.6 81.9 95.2 933
Proposed 67.1 89.7 66.8 81.4 97.9 95.0 73.6 94.4 72.2 83.6 98.2 95.0

522 LENMARELH
FESEBR TRERLHT A, O 1 i ORASE RS I 25 2R 14
FIEETE, TREDMIE H E X ToU M EAFEEIKT 0.5

IS (R TR 25 2R OA B A 45 2R . AR s e it 1A
(7 A6 I 5 ¥ A 52 B TR IS0 v A I 45 2R a3
JItar, B 5 R T LA AR e ) A TN S AL T
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Fohoh b g v, BART &, Brde i 7 v 1~ Sk i kG
FEILF] 97.4 %, & T ARA I 757 MMSM [ 4 il
FEREL) 3.5 %. HAFERMZ, AL CEPHRA
T H 20 B R 0 TE R R AU o A R 4, H A
FI 58 % 2 2 B8 RS . 3 T A S 06 3 SE PR
TE (1 ARSI N R A A, SRR R A 1 411 A,
et 48 N E JEER G HEAT TR IRAE. B 4 2 RN
T AR AL BB 43 BT 45 SR N ) 3 2 56
UE&E S, 38 3k T ¥2 5630 AT A, AR SC 7 VR RE RS AR T
0.1 m (1) 58 57 17 2 Y0 [l PN SIC IR HE T a0 s B 4 A A
D, 54 T AU TE IR I AR AR e, JE— 2D IRAIE
T AR SERR N A A R

mmm MSSD == Sparse R-CNN == Proposed
100 | == ConvNeXt-V2 === MMSM

X

~
X 95}
&

2| 90 t

85

Bk RaE SO =08 SE A
BIEZ HAREH
E3 NEHEN AR T2 AR BTt ER

""""""""" Y Euscoss. DY %ﬁ&“

El4 EEERBESTRRDINERRIZHIE

53 JHRESER T

9T Bk BT AR U7 9 & AN A A R, AE A
7] S5 150 B R AT 42 T T RV A S5 YN e bR U 1,
THE ToU@O.5 @ 0.95 I} 1 4% 257 2 85 #E % (mean
average precision, mAP) Fll 4= 25 ¥ 14 H [A] % (mean
average recall, mAR). 7E 52 24 & 5 [HI {3 FH X 2% = B0 R0
¥F A1 53 (floating point operations, FLOPs) {E A

FEFR, LI LE RN 3~ 5 Fin.
R3 1oU@O.5: 0.95 R R ESEE SRR AR SR I 46 R

IoU @ 0.5:0.95
T7i: —
mAP/% mAR/% ZHE/M FLOPs/G
HiEZEN 81.1 84.1 224.6 53.2
LT RE =W 83.0 86.2 172.2 45.6

4 ToU@O.5: 0.95 BRI AN E]RR & ML HYHRE SR 45 R 1

ToU @ 0.5 : 0.95
J5iZ:
mAP/% mAR/%
TR & HE WX 2% 78.1 79.6
FEGE T 4 T X 4% 80.8 83.8
PRI R RHIE G 3 N 4% 83.0 86.2

=5 ToU@O0.5: 0.95 IR ERLE MLE B HRISEIEEE R 1T

TIoU @ 0.5:0.95
J5i:
mAP/% mAR/%
T HL 81.5 84.9
Teil FHEY L] 80.7 83.6
SRy ELH 83.0 86.2
53.1 FERERIRERBER

FF3R 3 A, S E R S B N B
VE B Y I, TR 5 S E R R AT
HEZES BT 1.9 % 2.1 %. 5HE R, K35
/TG BER Y R, B 5 BR TA
[FYE R 0 7 R AE AT AR A A P B S T %, B
Pt IR B T BB A RIOCR AR T T SR RN 2L
(S BRRAE . A, M EL T B9 = B, BTt i
BT 3 IRl /> 7 R G 1 X3 v

(b) FERIERS
E5 REEEIRRAIHEATILAE
BT AR ST KR

R 4 TR, AN RIE e T M 4%, RV E
PR oK B ResNet-50 15 Jm B B 1R S A\ 2 460 000 1]

53.2



944 = # 5 & K £40%
2 I5F, T4 7V mAP A1 mAR B R T 4.9 % 2415-2424.

H16.6 %. 1X = BV R TR 4 7 55 I 25 Re i 5 250R
M2 REREMETUER, MR 2 REEG G4
PETHERRAASIN. 3 — 25 Hh, W A% Gt (P RFAIE 4 2 38 X 4%
R R A RHIE & IS AT L, 2N R AR
RA L 7 2 W 25 I, BB 1) 35 K #E 22 R0~ 1)
R HIHRTE 2.2 % A 2.4 %, iX F 27 A
FAEGRFAE & FIE M 4, BEIR R A &I M 4 1
T HEK R B RRRE LA I B, R T 2 RE
FHIE 78 2, DRRE T A RL R Aar IUKS 2.
5.3.3  FHy Bl E] Ve BT AL

ARSI S R O B R A T 209
Ry FEAESY B, 43 0T T R 3 At 9, SEG 45 R
%5 B, GAN N RN BOR I FRE SN, P
HOT VR BRI BT R . BRI, RAEH SR
FRCRL i) B, ASERY (1%) 28 31 Bt 5 2 At 0 i IX SRR
0TI 4% , 530 mAP A1 mAR 53 5 F B 1.5 %
1.3 %. 1% PR A 20 e 75 2o it R 3 i 17 ABE Y
X HRFAIE 22 S R R TR 28 E AR (R ) e 1, A T 4
FE T BEARRT IR FE. oAb, AR AL FAEY B L,
mAP Fl mAR 435 F T 2.3 % Fl 2.6 %. 1X F 22
DRI Sy i 57 HE T e fie KA, T fige il ME 1) 2 AR, T B T
i 2 RZ HARTAR AL B AR 4k, TR T T4
WA FE.
6 & #

AT T — i T A P O Y ) g 2 A
% H AR 532, B o 5 V25 e 8 B U Hb B B
AR ) 2 REEAE B, FEoakb X [8] i 4 s A5 B 1K
i, IX T8 OR IR T % T R I A AR T R A B
g, JRIG IR HES 5 280 T Ak B DASR I 52 & Il 5
FEAR, I/ A5 5 R AR Hp AT R 350 i 2 20 20 1T 1
SN R, Wit T — MR B S B, LD
AR A AR A% O B SR AR, RIS, RRAE 4
T W B O B R A R S B 4, Ry
PRI 2 ROBERFESR B A M & Jia, it 7 — ok
T2 A FRE I S A A Ok WAL AR K E A s
IV 50 Sy 2 M ok R, S I 55 T AR R X ]
5RO, TR TR 2 R H ARSI B &
NERE T, 7E SR 563 % 18 Hp o B 7 VR AT BRAIE, S
6 &5 JL AR O LM AL T b U7 v, RE WS R E Hh S B
SR B R ZEL A FR AR
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