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Abstract: [Objective] Digital modeling technologies with three-dimensional (3D) spatial visualization have emerged as a crucial approach
in the pipeline sector, particularly for emergency repairs and operation and maintenance management, leveraging their abilities to accurately
represent the 3D spatial layout of underground pipelines and offer clear visual display. As visualization theories and technological practices
continue to evolve, selecting appropriate visual modeling technologies adaptable to on-site requirements is essential for enhancing
emergency response capabilities and improving the efficiency of routine pipeline management. [Methods] From the perspective of software
and algorithm characteristics, this paper classifies visual modeling technologies for pipelines into three categories: 3D modeling software,
secondary development based on existing components, and underlying development. The principles, characteristics, and application scenarios
of each category are described, with a comparative analysis of their advantages and disadvantages. Given the deficiencies in these
technologies, particularly when addressing adverse geological areas frequently encountered by oil and gas pipelines, such as challenges in
clearly representing pipeline deformation and subsequent difficulties in manual operation and maintenance, this paper discusses the

applications and benefits of new technologies in pipeline visualization, including Inertial Measurement Unit (IMU), Light Detection and
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Ranging (LiDAR), Augmented Reality (AR), Digital Twin (DT), and the Internet of Things (IoT). Furthermore, from the perspectives of data
collection, feature information architecture, and multi-system integration, this paper analyzes the challenges faced by the development of
digital modeling technologies with 3D spatial visualization for pipelines and outlines prospects for future development trends in this field.
[Results] Visual modeling technologies for pipelines facilitate the establishment of 3D visualization systems through rapid modeling based
on element information databases, encompassing pipelines, appendages, defects, and service scenarios. These visualization systems
accurately reflect the spatial relationships of pipelines, providing effective guidance for selecting and planning pipeline routes, as well as for
excavation during maintenance and rush repair. Additionally, the integration of new technologies has led to significant advancements in the
visual modeling of pipelines, particularly in improving the accuracy of detection data, representing trends in pipeline deformation, enhancing
system interactivity, and enabling real-time monitoring of pipeline data. These developments have resulted in more comprehensive
functionalities for visualization systems and improved operational and maintenance efficiency. [Conclusion] Given the current emphasis on
multi-technology integration in digital modeling with 3D spatial visualization for pipelines, developers should select appropriate methods
based on specific requirements to ensure the applicability of their systems. Future efforts should focus on several key areas, including high-
precision data acquisition, multi-source data fusion, optimization of real-time performance for visualization systems, and the promotion of
intelligent and automated applications, aiming to achieve comprehensive visual interaction that encompasses pipeline spatial positions, defect
information, and operational condition data, ultimately enhancing the intrinsic safety of pipelines. (1 Figure, 2 Tables, 62 References)

Key words: oil and gas pipeline, modeling, three-dimensional (3D) visualization, leakage, maintenance and rush repair
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yqcy.paperonce.org 625




=k o

Bl A 54838 | Frontier & Overview

202546 A 44 % H 6 W THLAHE

Pt — P TR BB R 5 AR S B I 2R ) AL A
N e FHLIT %, 388 IR Y I A5V A A B TE T 2
Ve SARLE AR, (B A 1 . Santana 25
BT AL S 550 S AR R AL B I H R Rl & B2,
KT R RIRSUER T T EENSE AL R
/> IMU B A7 R R v (0 55 22, Li S5 T 16 4R
IR 2 PR ) 1 1) 5 S ) B e B, IR AT
H1 L, & 48 (Micro-Electro-Mechanical System, MEMS)
Witk AR & MEMS-IMU 4k T 818 = 4E312E )
MELER . TSR SRS, Wang
Peth 7T EAL AR S e SRR T L AL A
1G98 8 AL 7V, 8 IV R A Ja e [ A AR Ak
H3&E N ALE ST T @ AR B . Lin 2R M4 % b
P K AR s D e 5 SCHE RS 20 T LA S35 4T W
X U0 IR ) ST, B DU ERORS B AESVE AR
AEIES TS SRS, 4G IR FE S A R R
> B A RS, I E I LA AR gk — P R
RE.

A BT A I R S R T TE R A R R A
R $2 B b 5 32 3 51 R I E N AR T, T 3R 1S
R 1 1) 0 0 B AR AR 5 s AT B A, NE
TE PR AL A R A AR A ) B TE AL B B R, 8
ik 2 ) T 0 2 = AR B R R E O 2RI R
A 7 5, AR ) U B A D 5 A TE TR AR R A A DR
BTN A S S, e il U I S S AR IR B2 . R
7, A58 1 I 5 R i G O B A Y e 2 S,
I T v T TURE A N ) DUR DR e W 2R 2 4
B 5EIEIERFIZT. SESNIRHE RSN ET
FHLE, 50 2 57 AR 75 BT 0 TE N A 1) 2 4 1tk S
T 5 P R AT A T T DAk /N S0 A 90 30 5o W A5 )
T B ORACHIN 25§ 22 4 [l USC o 5k 0 8 P RS 2 52 PR T
GPS {5 S B SRR &, R 7 AN B
EIEPIN o eAh, IR b AR R R
SRR AR AL HERE T, 380 T A A H ) S 2 1
22 HABERAK

%% 75 1A (Light Detection and Ranging, LiDAR)
R BOCHAR S E AR E &1 — FhE R AR
LiDAR R T WOGTAR . & BRE {2 R 4i (Global
Positioning System, GPS) LA J 15 1 5 fiii & 4t (Inertial
Navigation System, INS)$7 A, #8453 B i = F 4 5F
A BSORE ) = 4R A R HUE SRR R ) i

626 yqcy.paperonce.org

P A ) RIEVE. B A A s = 4 H SRS
BIM #E i 2 T AEdE, LiDAR A ZRE 3 ] T 1 4t
38 (¥ = 4 23 A AT AL Ak @ . Oladosu 2“4 T
LiDAR % 3% A= j (19 9\ ) 351 1h0 &1 5 % 5 b ) 5 2
(Digital Terrain Model, DTM), 361 T $ 78 K % 47 Jih
5 RARAE TG R ) P A 2 . R TR
ZHEEOC RIS S S HRE, JRE SR R A
% 55 B8 ML 3 BE — 5 7 (Random Sample Consensus,
RANSAC), SEHL T 2T s 2 M8 =4 5 zh @B,
Huang 2 "R H = B H X M s MR H S E
T8 A OC &R, 18 H DA SR L -0 SR s i
(Constructive Solid Geometry-Boundary Representation,
CSG-Brep) iy F fitth (1) 3 b 5 18 = 4 A5 A b 2 7 7k o
Aijazi 5 R T AR B B4 T & 8
)4 R AR I T s5 (Tterative Closest Point, ICP) J74:
X BH YA AR b R AT 3D S A, IR A
B C-means K 5 ik & MSAC(M-estimate Sample
Consensus) B VE AT R i G AR o 78 B 38 M 11 ] LAk 222
H58 5 T, Yin S5O H T — iR B IR BE 2 ST HE 4R SE-
PseudoGrid, 1@ id B -5 F5 -HUR WL 5 /R & 5,
WEERTE T B EE AR ST SRR

LiDAR FE RGeS PRI L Ak b 47l £ 3 S FL
B =4 (a5 &, RS 2 RN S S 8dE, A
BT ST VR AN I = 4R TE AR, T 3 1 2 R AT
Jein SE RS BT B A ) R R ER A S H o (RIS, B0
T ISFR AT DLFE A T8 B 5000 AT SRR T A
W, & T R s R 5 m S A S, B BE 2 4
PR 3% . SR, LiDAR H A kg B I & 52 PR T 3%
ML IR IR B 5 IR A, I B RO A S R ]
RE 2 M U 2 25 SR HERA PR o AN, WO R 1A 1
A v, SRR SRR R B A%, HAE KR
B T PN B rp 7 A K S W, e n 1A T
EES A .
23 HERIPLEA

B 55 I SE (Augmented Reality, AR & —F Je 2k (1)
THENLHBIEOR, 18 ki 400 58 e H - i 4 2
IRBEA I, SR T Yt B FG A P 5 1) S T A
b, RERE I S5 B I, JFBY ) T B g RRiE
Ue AT Li P IFR T T R B 3R L SE (Mobile
Augmented Reality, MAR) {] Al #RALHEZL, K H & iE
DEAANR ERESH A S, @ A E




RFE, S5 By T = o A AL BRI Tt

Frontier & Overview | Bl & 543k

A AR B, S5 Lite RTK 18 S B M b 5 S8 o
SENL, AT ARSI, SR I ERCR . Li
KM DirectX3D HAME 12T Web B2 H.3 3D i
P, S TE ) Web 3D Af 4L 5 SCADA £ 5t
A8 H., BEAT Z4EML D 4% . N RBL G BIM HRTE
B T T ) e 3 SRS DU R 2 T A M ) R B
A2 K BIM 5 AR HiRARSE &, i T %
BB AL B S AT RO AR, R IR S B2 N
Pr IR Al K A4 AR, JRSE & AR IIUTIR AN B
A SEPLYETE A R AT R EDWLALAL, T A BN
AT RS HEIE 4 R 5 . Shekargoftar 2 & T
M BIM. GIS LL & AR £R [ F B 12 48 B R 4t
(Pipeline Operation and Maintenance Management
System, POMMS), il API 55 = %045 & & 0 H (5
2 SEPLEE Y 3D ATAAL S A B AR

AR 1 i 0L T8 K dlE 5 SE BRI S SE I B,
FRALEDUL ) TR R, 5 B R N 51 EOWLR B T
0723 8] A oy, BEAT READLISAGE | Wit i o7 A E 4P R, AN
T TAERCR 5 R SR AER L . [, AR BORSFFAL
B AR, e BRI BoREIEE R, 1 omBlg ko
(SRt PSR P . SR1AT, AR BOR T RESZ 5 A4 B
JEIEL M DR TP, e AR SR e E. BAt,
SIS B0 % B 5 Ak B S R B SR, T RE L
24 HFFERRS 1T KK

By AP R AR O — R B A% TS . A S T A AL
IR, T I B A R B A I B S AR, SeELE e
5 EFA R T R B AR A HR T A R
AL, S b A A L B  AE ) AR AR
PRI IR il 22 BB B, X A8 T8 2% T sk By
KA G AL BEAT AT B FH AL R AR S iR E i
78R I AT RS 0 s I Z&E T GIS. BIM R 4t
AT AT e 7, SEBLE I8 A ) B L SR B R AIE S ds AT
TR — A B Tk, BT EHARE
T N T R A T A R Al I e BE R R
Y PR W45 22 A4 . Liang 26575R A AR 5 5K
P10k & WX h i 07 2K, MR T E S B T ) R E 2
AR, PR A T AR A TE IR S 2 TS
%o ZINEE B 3 ] SARE T TOUEE, EiRE
TEIBAT AU, G DR 55 3 W AT O, IR RSO SE
KO AT B A B, AT B T AR AR A X B AT A

RN 38 B 5 R R BE T . Lu SN R e
A TN GEEREREETS, X2 RS
M KR 0 WY R K I R ) fR T T A
A= iy JE A D R AR A 5 55 HE AR, R A AT AL S i
IXFhis 8BRS Tt R s 4%, HF R I8 4T i
NEERME LS E K. LLESNA T AT
by A H T K AT 3 % 1T (Front End Engineering
Design, FEED) [ 8 224 R4, 454 BIM 547741
PR B 7 R4, $2 71 1 FEED A% b (1) m] A AL
5T 2R, Li %8 AT MAR 5 A B L 4F
£ % %8 ( Brillouin Fiber Optic Sensor, BFOS) ] ¥ 728
A5, BT T ARG S B AR AR I = PR A T
WU MR Hb 7 T ) 25 A 1 A, FR S A ToT R SEELXY
MAEENSTRESEHE, 87 REE oK
R ILHFFRE T ToT HR M “ATHBR AT AT FEAR 16
BREACI” 3 NYERE R, RIS 7). BAR AL
SRS, AR BRI TR SR 1k U T R 1T e ke L S M 22 ke I
Wk 2T A, SER SRIVE E 8RR . 456 H &5
LA BAR = BB 5B EOR, SEIAL
BB, JFIEE T N LA Re 5L R K2
5 A0 PR RO T8 R AS AT SC I R AL U Al
EHL, Aba R M ET 0T M E IR R4,
) P ok A 3 B2 5 A IR 2% 2 [R] I [ B AR 5 B, am
I He 73 Bk AR AL 5 A TS O S0 A S B T 2R A
B EEN. ZRGSE ST EL TR &
Arduino 5 WiFi #3¢, JF R 7 JC 2045 W4, Kl &
() 77 ik e s T AL i B 10T 43 i -7 & 2k 47 SE i
W% 07V B BE 8 SRS S S 4R AR
N TE RS AR L T AR P T % . Li SN IR
4 B 5E (Mixed Reality, MR) 5 ToT #1454, | Unity
5] % 5 Open XR V- & G @R H 74, @i API&ES
= R 5% SEIL B X 2, IF K A Socket {5 5 R /R 2
SR B S e, TR TV Y i 5 i v P P R 4 B

B AR A R R B I I SRR, R4S
B S AR SR AR ST AN A I I S RS VR AL, B R
o B TE BRI BR ALK, B RUE PR TE AR T L R
FRHEN L. ToT A M i SL N Hods R4 5 18 5,
A TE RS e 4%, MY o SR T e ), WE e TR %
28 B s oT BRI G RTE T 8k b3
RE T M BEH BT I TSR SR &R 4, itk T 4k S
B R, B AN LRSS SRS

yqcy.paperonce.org 627




iR 5483k | Frontier & Overview

202546 A 44 % H 6 W THLAHE

A5 T EL RS, AR 6 K b B 5 S B ) ey 2K
BN T RS TE R G B . ToT BRER
ARG 5y % B 5 5 T I BRI IR B2, HOM
AR T DN A PR e B e K 0T v A B 3 A
RESHE PR RE S AT TR EOR

X Ll b R S A R A T AU A S A R AL Sk
(20, FESEhR I A, AT AR U8 B B i 5
S PRig gE T R AT W X T IRAR AR BR K H o
I B2 B DX R B PE S EHOR 5 LiDAR
ARBEATE BRI RAE, SaEE D LE =4 EHKE
55 = TR AR TR A T8 S (R o B A R Skt
TEE 7 HTe AR BORTWH B #/E N 53 B 3 35
B TE A (R A JRy, AT RE AU AGE L W E A K E 0 R
X, $-TF TARRCR . Bboh, BUr R AEROR S ToT HiR
2 e Je o A Al RE N8 SEBLE B RO B A8 IR I, (A5 T
AL R BB AR R T8 B AR i My 3, I e
25 £ ST B o T A 1 22 A PR HEAT 4R VAN

®2 HEREAEEETANEETHRGRLR LR

Table 2 Comparison of advantages and disadvantages of new
technologies for pipeline visual modeling applications

BRA TR

Pri

Bl

LI

RS TE O AR

R EERNETE, HE

i 9 TE PR S B
FIEN O, WERERE 2

TR RBEEES. RISk EBRETINE GPS /S
WRE AR, M RN
KB = 4R 18] DRSS A R K (W

WLk FR. XFROAER RS m%&m&ﬁ%&ﬁ%,

A Bl AUl A BORT™ A%, KB
BHTERME S /N R REE e E
o225
FRACEM AT RCR, TR R % E A3 sg

BERRELSE SCRPRC EERAE, SERTE BB, R S R T

PR HIFRREEER S I 4 A% i 5 Ak B X

TEAFERE TR
Hovded RIMEEEEE RN, £ KR RE TR, {5 T
BRYE  WRIAETE . M, (A Pt KB A B R
ToT $AR BRI 5 i

3wl Tl AR K N Ty

R ARUT E KB 7 T = 282 18] W] ML AR AR K
JEBUR, REfis ELOU S WVE B T =425 W], SEPLE IE

B R S BB S s, YR

HEIE ARG

W, 025 B 1 5 R A 1A i L 2, ELAT3 A7 A

DN

i B R R

628 yqcy.paperonce.org

1) iAo N5 S BRI PR M o SR s 4
7 TE AR BB T R AR ARTHZEOR, Wik
B SO, HAS R IR S SRR,
FEHE B, B L . IMU BOR B K
AR R B e S R 2 v B A R 2% i I I 0
{ENSIEIR S S S - VS I Al I AT B e TR =
A1 2 PRI 7 1 A a2 28 B B IS, B IE BdE
DIPABE AN 3RO A B8R P58 55 1) T A7 E v 22
UMY TH SR 2 R I AERA 1 5 ) Be O SR T e 1k

DY IR S FE B2 W B . EE N AR I
YT, WA APRL SR BT R A A, R
TCVEAE AT AR 78 73 38 o JUHAE R AR 3 T
B ARG, BT R MRS TSR f i
I L REUEE G TE BRI Z) AN TE W, ok LR S
RAEREREE ISR

DEAGEE SEEESRRIAL. HEIE =
2% 2 A ] AL B R B S R R A R TE AR A%
SR A5 Z YR AU, M GIS. BIM 37 22 AR S5 n]
HHEZE . T % RGeS —, Bl 5%
R e, (5 SN IR R, A LR B Sl — it 5
HERATE, Som ] (A T R i 5 TE B 4E R . I
BORTE R i V8 T8 R %18 8 R Id REA 2, Tt
HAE RSB L b, S Hr 5 TUE RE 0 4L
55, M AR AL AT SRR TR AR

4 Bk

By TE = o 1) W] ML IR BOR A Dy il U TE
B ATIB Y5 N L SR, RENS T I R s E
(3 A B e ML A AT 1 2 R Ok AR EOU R R
TEAERBOIRAS T B b 530N 23 PR, AERS 2 0t
e AL RECGEFREIALE . BN E BT 2 54k
Rt TARSRAE 17 MOCHE, A B TR THE AL RCR, B
R 9 (R o RIS, =4 PR R G T A
N GBI EDW B TE A =) P 5 S T oL cdfs (et
FHI LRI BT S H B 477 S E -

BEAh, By 8 = 2 (8] AT AL AR AN
R PR T E B R AR A, AROR VA Bl 4 A TE S
bRkt SiagE oK, SN RBR ULSE % R g1k
BE o ASHEINE WO TR K A MR R H5 St Ak i
PP TH R ARG, {8 P AU A S A S 4 b X B




RFE, S5 By T = o A AL BRI Tt

Frontier & Overview | Bl & 543k

e HLTARAT NI EERTE 568 . AR, ToT SFHR 1
L B AL TR B IS 458 B, WA IR ms 4R
o B AR ERAR I 5] N B SE i R4 B IS AT 5,
UL TE 2 ARSI I, A = 4T AR R A
W@?Rﬁ LA muﬁnb'%ﬂn*ﬁﬁﬁﬁ

SN 2 AT A VY . LRI, &8
%%ﬁ%%%%@%%%%%ﬁﬁ@%%ﬁ%%ﬁ%
EE VAT 9 F M £, N 2SS B LR 1 S,
SEPRT A E A AL B BRIEAE R 18 4T O ) 4
iR RARAS B, ST E AT 22 4

S 3k

(1] Bk &, B, IRAAE, AL, B4, Al ar. g 8 Mg 17 5%

BEROR e D). A R8I, 2024, 9(2): 213-223. DOI: 10.
3969/j.issn.2096-1693.2024.02.016.
LIANG Y T, QIU R, TU R F, DU J, LIAO Q, SHAO Q. Key
technologies and prospects for the operation of oil and gas pipeline
networks in China[J]. Petroleum Science Bulletin, 2024, 9(2):
213-223.

[2] CHEN P C, LI R, FU K, ZHONG Z K, XIE J L, WANG J L, et al.
A cascaded deep learning approach for detecting pipeline defects
via pretrained YOLOvVS and ViT models based on MFL data[J].
Mechanical Systems and Signal Processing, 2024, 206: 110919.
DOLI: 10.1016/j.ymssp.2023.110919.

[3] SHAN X Y, YU W C, GONG J, WEN K, WANG H, REN S P, et

al. A methodology to determine the target reliability of natural gas

pipeline systems based on risk acceptance criteria of pipelines[J].

Journal of Pipeline Science and Engineering, 2024, 4(2): 100150.

DOI: 10.1016/j.jpse.2023.100150.

MR, il 22 4IRS AR R G 5 BT R e (0. il

A8, 2023, 42(9): 998-1008. DOI: 10.6047/j.issn.1000-8241.

[4

—

2023.09.005.

CHEN P C. Construction and innovative development of oil and gas
pipeline network safety monitoring sensor system[J]. Oil & Gas
Storage and Transportation, 2023, 42(9): 998—1008.

[5] A N IRICANE E XA M SERE N &, BRGEERD. Bxk
JRt 2 B SRR R 5% T R (A DU I B R IR A AR AR )
FJIE Z1[EB/OL]. (2022-01-29)[2024-10-12]. http://zfxxgk.nea.gov.
¢n/2022-01/29/c_1310524241.htm.

National Development and Reform Commission, National Energy

Administration. Notice of the National Development and Reform

Commission and the National Energy Administration on issuing the
“14th Five Year Plan for Modern Energy System”[EB/OL]. (2022-
01-29)[2024-10-12]. http://zfxxgk.nea.gov.cn/2022-01/29/c_
1310524241 .htm.
[6] HEB H, BAIM Z, SHI H, LI X, QI Y L, LI Y J. Risk assessment
of pipeline engineering geological disaster based on GIS and WOE-
GA-BP models[J]. Applied Sciences, 2021, 11(21): 9919. DOI: 10.
3390/app11219919.
HUE, HYral, x5, BEE. “AE KM R IZ 5 R
ST R E T WS

—
~
—

3, 2024, 43(2): 134-143. DOI: 10.
6047/1.issn.1000-8241.2024.02.002.

SUN Q F, CHANG W C, LIU L, JIANG S Y. Development of an
emergency response plan system for the “One Pipeline Network™ of
oil and gas storage and transportation facilities[J]. Oil & Gas
Storage and Transportation, 2024, 43(2): 134—143.

(8

[l

LI J H, ZHANG S Z, WANG X, WU Z Z. The impact of spatial

layout on safety risks of urban natural gas pipelines[J]. Journal of

Pipeline Science and Engineering, 2024, 4(4): 100198. DOI: 10.

1016/j.jpse.2024.100198.

[9] BIEZMA M V, ANDRES M A, AGUDO D, BRIZ E. Most fatal oil
& gas pipeline accidents through history: a lessons learned
approach[J]. Engineering Failure Analysis, 2020, 110: 104446.
DOI: 10.1016/j.engfailanal.2020.104446.

[10] BRIE 4, Fbk, A, Natech S Ui 1E

Gt K SEPUI]. Ak

6047/j.issn.1000-8241.2024.01.005.

B B g Pk PR AL R

, 2024, 43(1): 40-48, 66. DOI: 10.

CHEN G H, TAO X, ZHOU L X. Design and implementation of a
vulnerability assessment system for oil and gas pipeline sections in
the Natech incident[J]. Oil & Gas Storage and Transportation:
2024, 43(1): 4048, 66.

[11] LI Z P. Pipeline spatial data modeling and pipeline WebGIS[M].
Cham: Springer, 2020: 21-28.

[12] SAEIDIAN B, RAJABIFARD A, ATAZADEH B, KALANTARI
M. Underground land administration from 2D to 3D: critical
challenges and future research directions[J]. Land, 2021, 10(10):
1101. DOI: 10.3390/land10101101.

[13] VISHNUVARDHAN S, MURTHY A R, CHOUDHARY A. A
review on pipeline failures, defects in pipelines and their
assessment and fatigue life prediction methods[J]. International
Journal of Pressure Vessels and Piping, 2023, 201: 104853. DOI:

10.1016/j.ijpvp.2022.104853.

yqcy.paperonce.org 629



https://doi.org/10.3969/j.issn.2096-1693.2024.02.016
https://doi.org/10.3969/j.issn.2096-1693.2024.02.016
https://doi.org/10.3969/j.issn.2096-1693.2024.02.016
https://doi.org/10.3969/j.issn.2096-1693.2024.02.016
https://doi.org/10.1016/j.ymssp.2023.110919
https://doi.org/10.1016/j.jpse.2023.100150
https://doi.org/10.6047/j.issn.1000-8241.2023.09.005
https://doi.org/10.6047/j.issn.1000-8241.2023.09.005
https://doi.org/10.6047/j.issn.1000-8241.2023.09.005
https://doi.org/10.6047/j.issn.1000-8241.2023.09.005
https://doi.org/10.3390/app11219919
https://doi.org/10.3390/app11219919
https://doi.org/10.6047/j.issn.1000-8241.2024.02.002
https://doi.org/10.6047/j.issn.1000-8241.2024.02.002
https://doi.org/10.6047/j.issn.1000-8241.2024.02.002
https://doi.org/10.6047/j.issn.1000-8241.2024.02.002
https://doi.org/10.1016/j.jpse.2024.100198
https://doi.org/10.1016/j.jpse.2024.100198
https://doi.org/10.1016/j.engfailanal.2020.104446
https://doi.org/10.6047/j.issn.1000-8241.2024.01.005
https://doi.org/10.6047/j.issn.1000-8241.2024.01.005
https://doi.org/10.6047/j.issn.1000-8241.2024.01.005
https://doi.org/10.6047/j.issn.1000-8241.2024.01.005
https://doi.org/10.3390/land10101101
https://doi.org/10.1016/j.ijpvp.2022.104853

IR 54234 | Frontier & Overview

202546 A 44 % H 6 W THLAHE

[14] ZLATANOVA S, RAHMAN A A, PILOUK M. Trends in 3D GIS
development[J]. Journal of Geospatial Engineering, 2002, 4(2):
71-80.

[15] DU Y, ZLATANOVA S. An approach for 3D visualization of
pipelines[M]//ABDUL-RAHMAN A, ZLATANOVA S, COORS
V. Innovations in 3D Geo Information Systems. Berlin: Springer,
2006: 501-517.

[16] YIN D X, DENG X Y, LU K. Automatic generation of pipelines
from 2D CAD drawings to 3D IFC models using a parametric
method[J/OL].International Journalof ConstructionManagement: 1 —
19[2024-10-12]. https://doi.org/10.1080/15623599.2024.2353927.
DOLI: 10.1080/15623599.2024.2353927.

[17] CHENG X L. Algorithm of CAD surface generation for complex
pipe model in industry 4.0 background[J]. Computational Intelli-
gence and Neuroscience, 2022, 2022(1): 7062052. DOI: 10.1155/
2022/7062052.

[18] CONLAN C. The blender python API: precision 3D modeling and
add-on development[M]. Berkeley: Apress, 2017: 11-26.

[19] SAMANTA D. 3D modeling using autodesk 3ds max with
rendering view[M]. Hershey: IGI Global, 2022: 48—54 .

[20] SRIVASTAVA P. Innovative approaches to 3D GIS modeling for
volumetric and geoprocessing applications in subsurface infra-
structures in a virtual immersive environment[D]. Morgantown:
West Virginia University, 2020.

[21] LI S, ZHOU Y. Pipeline 3D modeling based on high-definition
rendering intelligent calculation[J]. Mathematical Problems in
Engineering, 2022,2022(1):4580363. DOI: 10.1155/2022/4580363.

[22] WEN F K, WEN L G, JUAN Y X, YANG P L, YUT Y. 3D
visualization of wurban underground pipelines by using
SuperMap[J]. IOP Conference Series: Earth and Environmental
Science, 2019, 295(4): 042060. DOI: 10.1088/1755-1315/295/4/
042060.

[23] PANG L Y, LAN G W, TAO Y Y. Design and implementation of
3D urban underground pipe network system[J]. IOP Conference
Series: Earth and Environmental Science, 2019, 283(1): 012013.
DOI: 10.1088/1755-1315/283/1/012013.

[24] B:1H. 5T SuperMap 424 — =4 R &G R R G M iiHS
SEPR[T]. KA AR W B, 2023(10): 43-47. DOI: 10.3969/j.issn.
1008-1305.2023.10.012.

LIANG G. Design and implementation of underground pipeline

information system based on SuperMap architecture[J]. Technical

630 yqcy.paperonce.org

Supervision in Water Resources, 2023(10): 43—47.

[25] Fhale. BT =4 GIS ML S BB ARG EEM AN WS
7% ) B A5 R, 2023, 46(1): 90-93. DOI: 10.3969/.issn.1672-
5867.2023.01.024.

SUN Y. Research on the construction of land reserve management
system based on 3D GIS[J]. Geomatics & Spatial Information
Technology, 2023, 46(1): 90—93.

[26] 1 F 5, ik, SMEHE. JET Skyline M =4E L ARG MRS
SPUT]. WLIEIR, 2013(6): 7577, 93.

XU A F, XU J, GONG J Y. Design and implementation of 3D
underground pipeline system based on skyline[J]. Bulletin of
Surveying and Mapping, 2013(6): 75-77, 93.

[27] MRS, JRERAL, AR, WA, ZRIRIE. — kT Skyline i T
B = R O 1 R DT ], S R IR ROR, 2022,
36(2): 140—144. DOI: 10.3969/j.issn.1007-2993.2022.02.010.
YANG Z J, YUAN R H, ZHU Z Y, HAN S, LI Y Y. Pipe point
data making for 3D modeling of underground pipe network based
on skyline[J]. Geotechnical Engineering Technique, 2022, 36(2):
140-144.

[28] BrE, WK, 258, BT Skyline ) =4 35 B AT WAL R G %
T 5 TP, W2 AR %€ 4%, 2022, 24(3): 129-134. DOI: 10.
20006/j.cnki.61-1363/P.2022.03.025.

CHEN R, XIE F, LI C. Design and implementation of 3D
geographic information visualization system based on Skyline[J].
Geomatics Technology and Equipment, 2022, 24(3): 129—134.

[29] CHEN J, HU R, GUO X F, WU F. Building information modeling-
based secondary development system for 3D modeling of
underground pipelines[J]. Computer Modeling in Engineering &
Sciences, 2020, 123(2): 647-660. DOI: 10.32604/cmes.2020.09180.

[30] WANG M Z, DENG Y C, WON J, CHENG J C P. An integrated
underground utility management and decision support based on
BIM and GIS[J]. Automation in Construction, 2019, 107: 102931.
DOI: 10.1016/j.autcon.2019.102931.

[31] ZHANG H J, FAN L, WANG D Q, JIA J Y. Parameterization of
complex pipeline meshes and its large-scale online visualiz-
ation[J]. Journal of System Simulation, 2020, 32(8): 1489—-1497.
DOLI: 10.16182/j.issn100473 1x.joss. 19-VR0468.

[32] WANG XY, HUO L, SHEN T, YANG X C, BATH Y. A Web3D
rendering optimization algorithm for pipeline BIM models[J].
Buildings, 2023, 13(9): 2309. DOI: 10.3390/buildings13092309.

[33] LUO S, YAO J Y, WANG S Q, WANG Y Z, LU G Y. A



https://doi.org/10.1080/15623599.2024.2353927
https://doi.org/10.1155/2022/7062052
https://doi.org/10.1155/2022/7062052
https://doi.org/10.1155/2022/4580363
https://doi.org/10.1088/1755-1315/295/4/042060
https://doi.org/10.1088/1755-1315/295/4/042060
https://doi.org/10.1088/1755-1315/295/4/042060
https://doi.org/10.1088/1755-1315/295/4/042060
https://doi.org/10.1088/1755-1315/283/1/012013
https://doi.org/10.1088/1755-1315/283/1/012013
https://doi.org/10.1088/1755-1315/283/1/012013
https://doi.org/10.3969/j.issn.1008-1305.2023.10.012
https://doi.org/10.3969/j.issn.1008-1305.2023.10.012
https://doi.org/10.3969/j.issn.1008-1305.2023.10.012
https://doi.org/10.3969/j.issn.1008-1305.2023.10.012
https://doi.org/10.3969/j.issn.1672-5867.2023.01.024
https://doi.org/10.3969/j.issn.1672-5867.2023.01.024
https://doi.org/10.3969/j.issn.1672-5867.2023.01.024
https://doi.org/10.3969/j.issn.1007-2993.2022.02.010
https://doi.org/10.3969/j.issn.1007-2993.2022.02.010
https://doi.org/10.3969/j.issn.1007-2993.2022.02.010
https://doi.org/10.20006/j.cnki.61-1363/P.2022.03.025
https://doi.org/10.20006/j.cnki.61-1363/P.2022.03.025
https://doi.org/10.20006/j.cnki.61-1363/P.2022.03.025
https://doi.org/10.20006/j.cnki.61-1363/P.2022.03.025
https://doi.org/10.32604/cmes.2020.09180
https://doi.org/10.1016/j.autcon.2019.102931
https://doi.org/10.16182/j.issn1004731x.joss.19-VR0468
https://doi.org/10.16182/j.issn1004731x.joss.19-VR0468
https://doi.org/10.16182/j.issn1004731x.joss.19-VR0468
https://doi.org/10.3390/buildings13092309

RFE, S5 By T = o A AL BRI Tt

Frontier & Overview | Bl & 5 42

sustainable =~ BIM-based multidisciplinary  framework  for
underground pipeline clash detection and analysis[J]. Journal of
Cleaner Production, 2022, 374: 133900. DOI: 10.1016/j.jclepro.
2022.133900.

[34] MA F, GAO Y, ZHANG G E, HUANG C, CHEN W K. An
underground pipeline relocation decision support system based on
BIM and GIS integration[J]. Journal of Physics: Conference
Series, 2024, 2824(1): 012003. DOI: 10.1088/1742-6596/2824/1/
012003.

[35] TANG L, CHEN C, LIH T, MAK D Y Y. Developing a BIM GIS-
integrated method for urban underground piping management in
china: a case study[J]. Journal of Construction Engineering and
Management, 2022, 148(9): 05022004. DOI: 10.1061/(ASCE)CO.
1943-7862.0002323.

[36] XU Z W, ZHANG C, ZHOU SH, YANGM H, WUH N, LI J F.
GFNS: an OpenGL-based tool for shield tunneling simulation in
3D complex stratum[J]. Computers and Geotechnics, 2024, 167:
106111. DOI: 10.1016/j.compgeo.2024.106111.

[37 HAN H T, LI B, FU Y H, WANG T, ZHANG L, WEI Y L.
Control and visualization of 3D pipe model based on OpenGL[C].
Ma'anshan: 2022 5th World Conference on Mechanical Engin-
eering and Intelligent Manufacturing (WCMEIM), 2022: 484—487.

[38] BOUTSI A M, IOANNIDIS C, SOILE S. Interactive online
visualization of complex 3D geometries[J]. The International
Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, 2019, XLII-2/W9: 173—180. DOI: 10.5194/
isprs-archives-XLII-2-W9-173-2019.

[39] X, FhE I, oA BT MVC BRI EER RS —
AL B0, 5 BB AR, 2016(12): 101-106. DOI: 10.13274/;.
cnki.hdzj.2016.12.023.

LIU B, SUN X L, WU Z S. Integration design of oil and gas
pipeline information system based on MVC mode[J]. Information
Technology, 2016(12): 101-106.

[40] BANDO Y, SUHARA H, TANAKA M, KAMEGAWA T,
ITOYAMA K, YOSHII K, et al. Sound-based online localization
for an in-pipe snake robot[C]. Lausanne: 2016 IEEE International
Symposium on Safety, Security, and Rescue Robotics (SSRR),
2016:207-213.

[41] KAZEMINASAB S, JANFAZA V, RAZAVI M, BANKS M K.
Smart navigation for an in-pipe robot through multi-phase motion

control and particle filtering method[C]. Mt. Pleasant: 2021 IEEE

International Conference on Electro Information Technology
(EIT), 2021: 342-349.

[42] SANTANA D D S, FURUKAWA C M, MARUYAMA N. Sensor
fusion with low-grade inertial sensors and odometer to estimate
geodetic coordinates in environments without GPS signal[J]. IEEE
Latin America Transactions, 2013, 11(4): 1015-1021. DOI: 10.
1109/TLA.2013.6601744.

[43] LI P F, WANG L, ZU Y T, BAI X S, HU Y B. Multi-sensor
fusion method based on FFR-FK for 3D trajectory measurement of
underground pipelines[J]. Tunnelling and Underground Space
Technology, 2023, 141: 105344. DOI: 10.1016/j.tust.2023.105344.

[44] WANG Q Y, CAI M C, GUO Z. An enhanced positioning
technique for underground pipeline robot based on inertial
Sensor/Wheel odometer[J]. Measurement, 2023, 206: 112298.
DOI: 10.1016/j.measurement.2022.112298.

[45] LINP H,SUNJJ, XUY H, WU XM, ZHU Y G, ZHANG X J.
Underground-pipeline mapping system based on inertial
measurement unit: research and application[J]. Measurement,
2023, 222: 113634. DOI: 10.1016/j.measurement.2023.113634.

[46] OLADOSU S O, MUHAMMAD M B M E, EHIGIATOR-
IRUGHE R. Oil and gas pipeline corridor mapping in challenging
terrain using LiDAR technology[J]. FUOYE Journal of Pure and
Applied Sciences, 2022, 7(3): 77-84. DOI: 10.55518/fjpas.
RQQN9758.

[47] BFE, 2T, e, Lige AT A oEE =430 @8
TP AR E - BEE, 2023, 39(9): 48-53. DOI: 10.12128/
j.i8sn.1672-6979.2023.09.008.

LIANG Z Y, JIAO N, DENG X R, JIANG H F. Study on pipeline
3D automatic modeling method based on point cloud[J]. Shandong
Land and Resources, 2023, 39(9): 48—53.

[48] HUANG M, WU X Y, LIU X L, MENG T H, ZHU P Y.
Integration of constructive solid geometry and boundary
representation (CSG-BRep) for 3D modeling of underground cable
wells from point clouds[J]. Remote Sensing, 2020, 12(9): 1452.
DOI: 10.3390/rs12091452.

[49] ADAZIAK,MALATERREL, TRASSOUDAINEL,CHATEAUT,
CHECCHIN P. Automatic detection and modeling of underground
pipes using a portable 3D LiDAR system[J]. Sensors, 2019, 19(24):
5345. DOLI: 10.3390/519245345.

[50] YIN C, CHENG J C P, WANG B Y, GAN V J L. Automated

classification of piping components from 3D LiDAR point clouds

yqcy.paperonce.org 631



https://doi.org/10.1016/j.jclepro.2022.133900
https://doi.org/10.1016/j.jclepro.2022.133900
https://doi.org/10.1088/1742-6596/2824/1/012003
https://doi.org/10.1088/1742-6596/2824/1/012003
https://doi.org/10.1088/1742-6596/2824/1/012003
https://doi.org/10.1088/1742-6596/2824/1/012003
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002323
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002323
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002323
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002323
https://doi.org/10.1016/j.compgeo.2024.106111
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.5194/isprs-archives-XLII-2-W9-173-2019
https://doi.org/10.13274/j.cnki.hdzj.2016.12.023
https://doi.org/10.13274/j.cnki.hdzj.2016.12.023
https://doi.org/10.1109/TLA.2013.6601744
https://doi.org/10.1109/TLA.2013.6601744
https://doi.org/10.1016/j.tust.2023.105344
https://doi.org/10.1016/j.measurement.2022.112298
https://doi.org/10.1016/j.measurement.2023.113634
https://doi.org/10.55518/fjpas.RQQN9758
https://doi.org/10.55518/fjpas.RQQN9758
https://doi.org/10.12128/j.issn.1672-6979.2023.09.008
https://doi.org/10.12128/j.issn.1672-6979.2023.09.008
https://doi.org/10.12128/j.issn.1672-6979.2023.09.008
https://doi.org/10.12128/j.issn.1672-6979.2023.09.008
https://doi.org/10.3390/rs12091452
https://doi.org/10.3390/s19245345

#23& | Frontier & Overview

202546 A 44 % H 6 W THLAHE

using SE-PseudoGrid[J]. Automation in Construction, 2022, 139:
104300. DOI: 10.1016/j.autcon.2022.104300.

[51] LI M H, FENG X, HAN Y, LIU X D. Mobile augmented reality-
based visualization framework for lifecycle O&M support of urban
underground pipe networks[J]. Tunnelling and Underground Space
Technology, 2023, 136: 105069. DOI: 10.1016/j.tust.2023.105069.

[52] ZHANG D H, YANG Y. Development of a sectionalizing method
for simulation of large-scale complicated natural gas pipeline
networks[J]. Journal of Pipeline Science and Engineering, 2024,
4(4): 100209. DOI: 10.1016/j.jpse.2024.100209.

[53] L1 Z P, YANG L H. Implementation of the pipeline network
virtual reality system[M]//L1 Z P, YANG L H. Pipeline Real-Time
Data Integration and Pipeline Network Virtual Reality System.
Cham: Springer, 2021: 59—-84. DOI: 10.1007/978-3-030-62110-0.

[54] WImsA, ERE B LR A A o A
FABE D). RE 23 A B H7, 2023(2): 188—191. DOI: 10.3969/).

.BIM 5 AR & ELH

issn.1673-1328.2023.02.045.

LIN P J, WANG J Z. Study on the application of combining BIM
and AR in comprehensive pipeline collision inspection[J].
Scientific and Technological Innovation, 2023(2): 188—191.

[55] SHEKARGOFTAR A, TAGHADDOS H, AZODI A, TAK A N,
GHORAB K. An integrated framework for operation and
maintenance of gas utility pipeline using BIM, GIS, and AR[J].
Journal of Performance of Constructed Facilities, 2022, 36(3):
04022023. DOI: 10.1061/(ASCE)CF.1943-5509.0001722.

[56] LIU M N, FANG S L, DONG H Y, XU C Z. Review of digital
twin about concepts, technologies, and industrial applications[J].
Journal of Manufacturing Systems, 2021, 58(Part B): 346—361.
DOI: 10.1016/j.jmsy.2020.06.017.

[57] LIANG J, MA L, LIANG S, ZHANG H, ZUO Z L, DAI J. Data-
driven digital twin method for leak detection in natural gas
pipelines[J]. Computers and Electrical Engineering, 2023, 110:
108833. DOI: 10.1016/j.compeleceng.2023.108833.

[S8] LUH L, YU H, YAN S Y, LI S L. Key technologies study on
digital twin platform for comprehensive utility tunnel[C].
Chongqing: 2024 IEEE 6th Advanced Information Management,
Communicates, Electronic and Automation Control Conference
(IMCEC), 2024: 931-936.

[59] LI W, Ding P, HUANG M, MIAO Q H. Applications of digital

632 yqcy.paperonce.org

twins to offshore oil/gas exploitation: from visualization to
evaluation[J]. IFAC-PapersOnLine, 2020, 53(5): 738—743. DOIL:
10.1016/j.ifacol.2021.04.166.

[60] LI M H, FENG X, HAN Y. Brillouin fiber optic sensors and
mobile augmented reality-based digital twins for quantitative
safety assessment of underground pipelines[J]. Automation in
Construction, 2022, 144: 104617. DOI: 10.1016/j.autcon.2022.
104617.

[61] ABA E N, OLUGBOJI O A, NASIR A, OLUTOYE M A,
ADEDIPE O. Petroleum pipeline monitoring using an internet of
things (IoT) platform[J]. SN Applied Sciences, 2021, 3(2): 180.
DOL: 10.1007/s42452-021-04225-z.

[62] LIW,YEZJ, WANG Y J, YANGHL, YANGSL, GONG ZL,
et al. Development of a distributed MR-IoT method for operations
and maintenance of underground pipeline network[J]. Tunnelling
and Underground Space Technology, 2023, 133: 104935. DOI: 10.
1016/j.tust.2022.104935.

(G- SR

E TR 5 E SRR H 5 K 1 i U R
BB ARGHER”, 2023YFC3011300; H 5 H R B 5 &7 435
& VR B I H “X80 R A9 R R I PR AR 5% 11K 55 U TiE ) M T 22 2K R0
775 12302100; BEPEH “=REAT RFEHE TREARASGH,
2023SYI31; BRPEA 22 B 5 i 2 I BE B A A TTH » QCYRCXM-
2023-058; V5438 RAFERIRAABH, 11301223010729.

PEE BT xgs, 5, 2001 4224, 78 BRI 14, 2023 4R L T I 3C
TolkR2EZ A TR L, B A2 SIS E B A 5 240k
A VRAR 7 1A R IE A o Hbhik: 97 45 1 2 i SR DX Rl 7 e s 28 5,
710049, HiiF: 17791062309, Email: liuxin2023@stu.xjtu.edu.cn

BIEEE R0, 5, 1988 44, RIERE, WL /E BT, 2018 4
T L T IR R K 2 450 TR T, B F il Ul
SV S 0 4 e PR DT T (B B AR o Mk BepE A P 22
TR K X R 7 P 28 5, 710049, HL i : 13094235501, Email:

shengwen.tu@xjtu.edu.cn

® Received: 2024-11-02

® Revised: 2024-12-17

¢ Online: 2025-01-03



https://doi.org/10.1016/j.autcon.2022.104300
https://doi.org/10.1016/j.tust.2023.105069
https://doi.org/10.1016/j.jpse.2024.100209
https://doi.org/10.1007/978-3-030-62110-0
https://doi.org/10.1007/978-3-030-62110-0
https://doi.org/10.1007/978-3-030-62110-0
https://doi.org/10.1007/978-3-030-62110-0
https://doi.org/10.1007/978-3-030-62110-0
https://doi.org/10.1007/978-3-030-62110-0
https://doi.org/10.1007/978-3-030-62110-0
https://doi.org/10.1007/978-3-030-62110-0
https://doi.org/10.1007/978-3-030-62110-0
https://doi.org/10.3969/j.issn.1673-1328.2023.02.045
https://doi.org/10.3969/j.issn.1673-1328.2023.02.045
https://doi.org/10.3969/j.issn.1673-1328.2023.02.045
https://doi.org/10.3969/j.issn.1673-1328.2023.02.045
https://doi.org/10.1061/(ASCE)CF.1943-5509.0001722
https://doi.org/10.1061/(ASCE)CF.1943-5509.0001722
https://doi.org/10.1061/(ASCE)CF.1943-5509.0001722
https://doi.org/10.1016/j.jmsy.2020.06.017
https://doi.org/10.1016/j.compeleceng.2023.108833
https://doi.org/10.1016/j.ifacol.2021.04.166
https://doi.org/10.1016/j.autcon.2022.104617
https://doi.org/10.1016/j.autcon.2022.104617
https://doi.org/10.1007/s42452-021-04225-z
https://doi.org/10.1007/s42452-021-04225-z
https://doi.org/10.1007/s42452-021-04225-z
https://doi.org/10.1007/s42452-021-04225-z
https://doi.org/10.1007/s42452-021-04225-z
https://doi.org/10.1007/s42452-021-04225-z
https://doi.org/10.1007/s42452-021-04225-z
https://doi.org/10.1016/j.tust.2022.104935
https://doi.org/10.1016/j.tust.2022.104935
mailto:liuxin2023@stu.xjtu.edu.cn
mailto:shengwen.tu@xjtu.edu.cn

	1 三维空间可视化建模技术对比
	1.1 三维软件建模技术
	1.2 已有组件二次开发技术
	1.3 底层开发技术

	2 新型技术在管道可视化建模中的应用
	2.1 惯性测量技术
	2.2 激光雷达技术
	2.3 增强现实技术
	2.4 数字孪生技术与IoT技术

	3 面临的问题与技术发展方向
	4 结束语
	参考文献

