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Abstract: Cavities under urban roads have increasingly
become a great threat to traffic safety. Most cavities are
caused by the leakage of underground pipelines. Pipe
penetrating radar (PPR) has been widely used in the cavity
inspection near the underground pipeline. However, due
to the attenuation of electromagnetic waves in the
underground medium, it cannot accurately detect the
upper surface of the cavity. This paper proposes a ground-
pipeline penetrating radar joint detection technology to
improve the accuracy of cavity inspection. An
underground object detection platform is established to
detect air and water-filled cavities with different sizes. In
combination with the back-projection algorithm and
antenna pattern correction, the cavity near the pipeline
can be migrated by proposed joint imaging method.
Laboratory experiment results show that the PPR has a
higher resolution in cavity inspection compared with
ground penetrating radar (GPR) detection. In addition, the
undesired diffractive artifacts at the target edges can be
suppressed while improving the migration accuracy with
the proposed join imaging method. Both the top and
bottom of the cavity as well as the reinforcement inside
the concrete pipe can be reconstructed with high-
resolution by the proposed joint imaging method. The
result is helpful to promote the practical application of
GPR and PPR to cavity inspection near the underground

pipeline.

Key words: ground penetrating radar(GPR);

radar(PPR);

pipe

penetrating cavity;  back-propagation;

migration

FETH . FR A REEIL S (41874120, 42001346) 5~ A< 48 FEhil 5 N FHILREAF 77 3 4 (2021B1515130006) 5 I 7T

RHEIHR(20220610017)
F—EE: X
R AR TSR . E-mail : hliu@gzhu. edu. cn

WAFER  XUR (1982—) , 55, R T AR, T2, - BERFSET7 0] M ARk T R Bl AR L B

E-mail: aifei20030216@163. com

(1986—) , 53, Zcf , 1L A= R0, T2, FERWFE 0 0] 0 IR I SR s B R R ik

SEN S

5



180 6] 5% K 2 2 (A 4K BE 2 B

51 %

Wit o T A A R AN W b v 2 R 1
TE YRS T AR R T HE KPR = 4E4r i3
T T AN S T 1 {6 P 7 T I IR 23 | b T
BT, 15 B L TR P i R b s i
ST T B B o 1 T AL s T T A 2 e B AR
AT AWOEAL , IS 2 BT AR A IR K
RZHRRFRIG, ™ G H N R LE g = %
A T A B AT BRI SR AN 2 IR A SR A, %
PR R R %) T T B R PR T B, 7 I
2311 AR S AT RN O R AT - 5% | ke G b T 7T
K SRPa s R

R 75 15 (ground penetrating radar, GPR)E N
— PR ITCH | R A e e M BR Y ER I B R | ST Aok
TE M T 2848 e i i e 450 AS I Hh 5 380 )0z i
GPR O 5 2 55 K % 5% i A0 FL 30 ok i f35
5, FLRE A M A B AL R ok A B i 22 S A
T P ¢ A S S BRSO, S B e F S R 2422 U= 7T
MR G B I8 EGRFAE 43 B b 23 3 A 067 5 L K/ B3t
TR, {H GPROG T 25 T 6y I 4 3 2Ry BRPEALE T,
HL T I8 ) ) BRI DR T FLRE TR AR 5 R I, 2
BB R, TR G B RR (B A S  PERAR 2Y
{553 g I, S, 2R B ) 58, T R R
JERE ABMES rFEm . R, 7E M T 38 i GPR
Xof TR ISR P b T 2 IR AT R N, X ASHE B
PEARARITREE . e Ah | I AR T T8 A ) 2%
JEH SFECSE P BN TN W A

LR, 6020~80 0 1 i T B33 e e il & 2F T
M AL BT R AR TS LA £ I TR
SRR AR 7 T R, AR K RAE R & AR A
FJIRELBR" . BN, EEBE R 1A

e

st

TEIK A= iR 22 W A O T G 2k a3l , -+ 0k 7E
IR R AR R 2R s IR an s 1 s .
1798 IR BE S ) W4 4538 R B o (R A
AR T AL A A8 AR S HEAT I S 4G 1) 77 X0
X AN F AT IR BE T, 45 GPR Y
1B 7 1 (pipe penetrating radar, PPR) AR B HEH,
L H A2 B 0 A5 T A B0 3 2 s e FEA T A, 38
IR B IR R A TE ML g A E AT TS HE
JKAE I DA PR 1] S0 R S R R AT RN
PPR X IE AR A T FEAT A0, T BE B 280 H bR
SEAT, A A BRI R 5 0 B AR B R s
T FEAT R PRI, AR T 6 T AT T 2 11
GPRAGIN , A 5 m AR 53 o, A TE HILAS
BT B R TR A5 Sk AT AXHAE I N B R4 T 4
D5 (22 WL TEAG I, 1T B 31K KA mT LAXS 48 1 AP PR R
2R HEAT PRI , 455 IR e A 5 P RS A 45 R, e
AR KRG RN, PPR % & T SEPR TR
B AR R HE K A TE A R | RS 10 7 T
23, AR REAF 5C A b T 153 B

25 b T H BT A T TR A6 0 A 4 B
B BRI A F AR D, HoH T4 GPRAHXS K
R TE L, TR RIS SR T B T, 2 3R PR 7
TR B . FE T 0, AR SCRF X 308 i T it 22 ] PR
AR TR) L, B2 b 1 — bt T - A5 1 7R A R R R A AR
i3k AT T A E R R RO B L R E 7
HRVLAN ] RS 23 11 I J o3 [ 4800 12 5 %o 7 TR s
PEATI0MT o JFES &5 1B R TT 10 BUE IE A5 0 $5%5
(BP) B, $ th 1 — ol b - 45 18 7 A R 5 US4
AR IPELIB 7 A 23 R AT Rk BE U, s
KGRt

=

TE B

R

Bl HEEZRFAEEBERE
Fig. 1 Illustration of road collapse caused by leakage of underground pipeline
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tection using PPR
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radar joint detection technology
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Fig. 4 Radiation patterns of an infinite line source

lying on a homogeneous air-soil model
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radar joint imaging method
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