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Abstract: Three-dimensional (3D) trajectory measurement technology for underground pipelines plays a vital role in

ensuring pipeline construction safety, accident prevention, and emergency response. The 3D trajectory measurement of

pipelines encompasses three phases: pre-construction, during construction, and post-construction. This paper systematically

reviews the current research progress in 3D trajectory measurement technology for underground pipelines. Pre-construction

trajectory measurement primarily employs geophysical detection technologies, such as electromagnetic detection and

ground-penetrating radar (GPR). During construction, handheld guidance devices are widely used for trajectory

monitoring, while post-construction measurement relies on dedicated trajectory measurement instruments. This paper

analyzes the fundamental principles, technical status, and application challenges of these methods, and discusses the

advantages of integrated detection approaches. Future development directions include digital twin systems for real-time

drilling monitoring, multi-method fusion, intelligent cloud-based IoT platforms, and 3D trajectory virtual reality

visualization technologies, all aimed at improving measurement accuracy, efficiency, and intelligence. This study aims to

provide references for further research and applications of 3D trajectory measurement technology for underground pipelines.

Key words: underground pipelines; 3D trajectory measurement; geophysical detection; guidance device; trajectory

measurement instruments; digital twin for real-time drilling
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Fig.1 Pipeline trajectory construction accident
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Fig.2 Underground pipelines laying methods
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Table 1 Attributes and technical parameters of

underground pipelines
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Fig.3 Schematic principles of several typical
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Table 2 Technical parameters of geophysical

pipeline detection methods

, MR B2l
a4 K = N N | B/ i /m
il AR & BELYIRERE 0.5~3.0 (0.1~
b &=l 0.3)
ST AR 45 2R
HLBHR R E L 1.0~5.0 £(0.3~
% 2R U L T 0.5)
. ST A B4 LR
Eﬁﬁ% HEEER SR E 4R 0.5~4.0 £(0.05~
Jivi B IR 0.2)
HE I REBIEL  03-20 =(0.1~
ik ik 0.3)
U LS HIREAFAAES 2.0~6.0 (0.5~
) S A R 1.0)
ST A B4 LR

T b R ) B4 2 R DU AR I, [ N A0 1 0t
3 Ry e o IO b S8 B rh [ ) 22 R AH DG 20 T A
F 55 HLAL # FF A 0 T 2 Fih 28 A0 0 b 45 4 AR
Wy Ao, B AR A % EN
Radiodetection , ¢ [# 1Y) Subsite Electronics ., faf >% [y
Fugro, LA & [ N B9 H BHB1 38 F1 2% {5 B4 55 2wl JF
KB X BN R ST M EK P B D R B T
R 3 A LB I 7 A, O SR WA RE W AL E
AL AR I H T 48 2k 9 75 0K, A i 31 e A% S IR 2k Rk
i R A R 3R AR S ) = AR Lk WK A RE L R
TR TG EAR N T 48 A A% S gl e Ak 2

Wl 2 B9 0 R N, A DG 27 25 38 W e L — 1 )
WTFERAES AN BN ERE T, S5
Mg RAA R R RZEH S R 2 e tesh, il



4 B T 7%

2025%7H

A AR A A7 B RN K 2R KN S BB HE LA
2 R R I H bR . UL MO E E R T SRS
M T35, DA T I R B RV, R A
TS AN B I P AR I AR 2 X B YT
240 96 TR 898 3.5~5.2 m (1 DN300 44 i K 9%
AU R T SR A W PR P B B X8R (50
m X 20 m [A% ), HLYEZE H AR X250 5 (5 m X 2 m
WS ) [ 5 3, i R 25 /N F 015 my S T #E—2
fiff e TR R A e A I 1Y) 3 ) A R AR
N 7 D R DN 1 R A 4 L B R I T b T 5 (]
JF % 6.0~8.5 m KL AY 500 kV i = 15 L 1 45 26
SEAVE T 2R, SR Z R HIAE 012 mys B N . 7Rt
SEh b, o B B R TR A T A 500 DN e 3
Deng %506 75 I B0 5 H vk BRI 45 & L & X Il Tl 3
% i 3 H [R] 2B 0 R 1.5~4.0 m (1) 4 )@ (BR A
k) 5384 8 (HDPE ) BE/K A8 4R, I 158 22 431 Ky
+015m5+025m, MELERFAETRETE. B
SR GEA BRI T % AR 4 1 B — b Bk g BRI O 3k T
PR AF B2 A 0 b A S 38 o R St
AHE L AEN T Y R S s E AR OK, HL i
BN GE F T A 0 A R L R ke Y B 5T
A BRI S HEE 0 R ORI 28 B G B, DA ARIBOE
TINUAS 0 0 5 8 203 5 40

3 MIPELXKHTNE

TE T T3 7 Hp, R W At T g A AT R T
BamZeE MmmELpsieEtonE, A
BT, 00 o 1 2 0 A B O o A O TR
Ao 2B I AR A2 A A AR A RS B TE
S PR AL VBRI o TR S S0E R U
i R TR AT AR AT 2 R O T R R 4
T 52 B it T A v R R O 2T AR AT R
TR A AL b o BEJS TR 3 A U A

2RI SR B8 Bl TR B Al AL R =S ]
[ T A 1 SR AT R AR R BRI O A
S DT o AR kB o A I o < A 2 B P
P 4 Jm B SR A 4 I R R R S ROR R .
TS DR AE T 4 Jm B ORE 2 0 PR R B LG 3 7 A TR
M AE R R AR . P, T A R B
TS R L NI &5

Py sl

B4 FHESENUIERE

Fig.4 Principle of handheld guide device
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Table 3 Parameters of representative products of handheld guide devices
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Table 4 Case studies of the IHDD system in

engineering applications
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Fig.6 Trajectory measuring instrument working principle
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foreign universities
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