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SURA LI SRETREE - WG - !
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2 - Y
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Deep Feature Matching for Multi-View Images in Mobile Mapping Systems

Tee-Ann Teo ' Pei-Cheng Chen 2 Ting-Ni Chen 3 Hsuan Yang 4
Zhan-Qing Lin 4 Kuan-Yi Lee * Kai-Chieh Hung 4 Chen-Yung Lu 4

Abstract

With the advancement of mobile mapping technology, multi-view imagery has become an important source
for road observation. However, traditional matching methods struggle to overcome the challenges posed by
distortions and variations in viewing angles between images. To enhance the precision and reliability of image
matching, this study investigates a deep feature matching technique based on deep learning. By utilizing
convolutional neural networks (CNN) to extract deep features, accurate matching and 3D spatial positioning of
multi-view images can be achieved. The study employs Deep Feature Matching (DFM) technology, which is based
on the pre-trained VGG19 model. Through a two-stage matching strategy and the RANSAC (Random Sample
Consensus) algorithm, erroneous matching points are filtered out to ensure the reliability of the matching results.
The experimental data consists of multi-view images, with traffic signs serving as the target objects for image
matching and positioning. The research results reveal that, compared with the traditional SIFT method, DFM
demonstrates a higher success rate and improved positioning accuracy in various image scenarios, including scale
differences, shape distortions, and occlusion conditions. Notably, DFM achieves significantly more matching
points than SIFT in distortion and occlusion scenarios. Furthermore, the analysis of traffic sign positioning
indicates that the success rate of traffic sign positioning reaches 70%, with an average error of less than 0.5 m for
successfully located points. This finding highlights the practical application potential of DFM in 3D positioning
using multi-view images in complex scenarios and confirms that it achieves higher success rates and accuracy.

Keywords: Deep Learning, Deep Features, Image Matching, Multi-View Images, Traffic
Signboard
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Monitoring Drought and Land Subsidence with InSAR Technology

Yun-Chiao Chang ! Kuo-Hsin Tseng 2" Yu-Heng Tai 3

Abstract

The western plains of Taiwan have long relied on groundwater, and combined with uneven rainfall and
droughts caused by climate change, land subsidence is easily triggered. Severe droughts in 2021 and 2023 further
intensified subsidence during those years. This study applies the Persistent Scatterer Interferometric Synthetic
Aperture Radar (PSInSAR) technique to analyze Sentinel-1 images from 2019 to 2023, integrated with rainfall
data, to examine the impact of drought on subsidence rates. Results indicate that precipitation decreased sharply
during drought periods and showed strong correlation with accelerated subsidence, with seasonal subsidence rates
reaching up to 7.8 cm/year in severely water-stressed areas. To validate the results, GNSS stations were
incorporated using multi-reference kriging interpolation, with independent stations used for comparison, yielding
a correlation coefficient of 0.98. Furthermore, comparisons with significant subsidence areas published by the
Water Resources Agency revealed differences of about £10% between 2020 and 2023. These findings demonstrate
that PSInSAR provides high accuracy and stability in monitoring detailed surface deformation and can serve as a
valuable scientific basis for future water resource management, groundwater regulation, and land subsidence
prevention.
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PHEHIIEN » WA Rig - TTER IR 2% - i
SYARIES 11 A 4~ 8 H ZHETHHFEMERE > 11 H
8910 H = REfTESEREN - (RS R
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HDYCEER > fm i lESRAE 14 -
(D11 A 4 BB -

FEETIRER 28 prfmish - ffsnh AR AnE 15 -
IR EERLESY 15,000 EEL » fmfmEL R /H ACHT 2 »
IR R S RS DU BRI R IATRE R AE # S IR
MRS > SCEERLERICRANE 16 -

11 H 4 HE 11 H 8 H&ET—RIEEmESH
72 6 RIEGAL Mini-Vux-1-UAV #8281 (#5rE © AUEHEEARIRAE > 2020)
HeslE A ST FAMSE 28
RJ (mm) 243x111x85
HE (9) 1600
1P [5EEE4K P64
p A EHE(m, YIRS 170, 20
fRtiE et i
'Y . RS P ERID) 10-100
0 B ERRRE D) 100,000
SHIEE B 17 (A ccuracy) (mm) 15
HIFEF5HfEFE (Precision) (mm) 10
S EID~E 5, &I
FOV (°) 360

12 JEFRTE #e R < BEERER
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15 StEEmEvE S hE(111.11.04)
7= 7 WECEEEIEE R E AR 7% 8 RIEGL VZ-400i EAIRAE 28
AT HHA FETIENE B AR EeRE R ST RS2 H
111.11.04 | ZAFHEEFFE > 3D BiE i FrfE A= HefeEr =
111.11.08 | £ AaHEEF > 3D BiE S 42,000~500,000
11 og | PERE SR EECA + 12:00~15:30(E . (meas./sec)
08| s @3omin) » 3t 6 5 y B | FOWEEE | 15m-800m
R 2 > 10-00-15-30( B8 R
111.11.09 ﬁgﬁﬁ?fﬁjﬂgﬂ%moo 15:30(% wE 3mm
e — TR L E 100 ° FEH
111.11.10 lﬁg%ﬁ@ﬁ@%ﬁ”’ 10:30(R35) » 3% (FOV) 360 ° K
Nikon D850
BN AR (4,575 EEZ)
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e

(b) JERRIEH RS R AR 1%

16 HEFEDEEERLE A (111.11.04)

11 A 8 HFE N -

FEETIREL 18 il - fRfvh A iE 17 - 5
IROCEEREEELY 18,000 BUEG - FRfRE S RACHIRE  UF
BRAERTRRERE > DUR IR Efth Il R AE 1 57 O B 3
RS - JEEERERCRAE 18 -

3.4 3 A CEREE AT

Rt ERHR IR (E ] RIEGL JRMEH Z B
#ie RiSCAN PRO EfTREEFHE - MERGAIR RAE
HEEFRETAE » S9f#A Global Mapper #UASHE! TS
E TR AEA AR EER - FakhE B RECERR
TR RS R AE % ET R DEM BRHCANIE 19) - ik
“ 2 DEM RERERK - TSR H TRE T
B TR (AE 20) -

3.5 HiE D EREED A
PN EHERZEEEN - AE FE 2 Bl
(Z0[E 21) > JEEhE Rl RE s B8 2 fEsE N\ B Bilf L

L WU BISEEE 4 i AT REH B < B i B
T [ 2 FOE 2 T R (RIEGL VZ-4001) #E1 T If
TERE BRSO o 5y 11 F 8 H 12:00 FEAE:
A LA 2 ERHE Rt E - fefiieimss
B ZEEH > DUEIR 30 Sy sEfmis — K ELRE - i f(E
SERFEIZREEANR 9 > Ffb I DR G R A RE TR AL
F(anfE 22) -

* 9 EYOCEm RS H BB

H # (S H # i [
11/8 12:00 11/9 12:00
11/8 13:00 11/9 12:30
11/8 13:30 11/9 13:00
11/8 14:00 11/9 13:30
11/8 14:30 11/9 14:00
11/8 15:30 11/9 14:30
11/9 10:00 11/9 15:00
11/9 10:30 11/9 15:30
11/9 11:00 11/10 10:30
11/9 11:30
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/EU\\\EI
(1) Al B -

SHET I E R LW 24 0 &g —Z(11.10
AMI10:30) 8503 8 819144 (8 0L (11,08 AM12:00)
ELEZ » e RZE(EEY 4.2 em o R EDHART B S 55
EHZREME MR BESNGER VAR IR ZR
FIAEZESHT
(2) A2 BT -

SHET T E R LW 25 0 &g —ZE(11.10
AMI10:30) 8503 e 819144 (8 0L (11.08 AM12:00)
Bl » B RFE(EAY 7.7 em o B RIBART BT
EHIZIREMEE 2 EE - SEENERIVER LR ZE
FIAZESHT
(3) A3 i -

HIHETE SR R A A E 26 0 f{&—2E(11.10

F=H EREI114F9RH

ERZREBERE Z (FX - 58
FIAB BT

3.6 ZHLEHEEEEH

HRY EEIE SRR B AR E Z B T B
BN BREIYAFE—EHERE - BETEAR
FEZEREAEI N2 0FE o EECRSTHEDHIEL
1B Z IERERTSE - SMOURFEH B B [E 357
T > 5338 S i iE (I B FJRF LA HInh 2 S (AR
BEMZ S RAE L B 4R DR Rt m e
MR RS - 7Y 111 4F 11 7 08 4 5~10 57
HEHENEL e RS 1 TREEHAAAR - SRATHRFRE 251 By
11:42~12:20 }7z 13:23~15:11 > 5100 5 (EALE > 3
26 &K} S BN R RGBS — K THHE
EESS - EESRERA0ZR 10 - HHSE AR B o4

HEEFRITRARF LA 2R

BIZEBGEE MEE  BESNIGERIVERIIERZEY
AMI10:30) 8503 8 819144 (8 0L (11.08 AM12:00) .
EE#Z > e RZEELY 7.2 cm o B HIRART S 55 -
72 10 FrE BN E45 R bR A7 ¢ A R(m)
TR | BhSE-I R N AefE E & AN AE Z AZ

1 | AL-11:42 | 2774306.687 | 316240.569 42.132

2 | Al-11:45 | 2774306.690 | 316240.568 | 0.003 | -0.001 | 42.133 | 0.001
3 | AI-11:50 | 2774306.691 | 316240.569 | 0.004 | 0.000 | 42.132 | 0.000
4 | A1-11:55 | 2774306.687 | 316240.567 | 0.000 | -0.002 | 42.139 | 0.007
5 | AI-12:00 | 2774306.689 | 316240.569 | 0.002 | 0.000 | 42.135 | 0.003
6 | AI-12:05 | 2774306.688 | 316240.571 | 0.001 | 0.002 | 42.136 | 0.004
7 | AI-12:10 | 2774306.688 | 316240.573 | 0.001 | 0.004 | 42.134 | 0.002
8 | Al-12:15 | 2774306.688 | 316240.574 | 0.001 | 0.005 | 42.133 | 0.001
9 | AI-12:20 | 2774306.690 | 316240.576 | 0.003 | 0007 | 42.127 | -0.005
10 | A2-13:23 | 2774304.175 | 316242.638 41.002

11 | A2-13:29 | 2774304.176 | 316242.638 | 0.001 | 0.000 | 41.004 | 0.002
12 | A2-13:34 | 2774304.170 | 316242.633 | -0.005 | -0.005 | 40.991 | -0.011
13 | A2-13:39 | 2774304.171 | 316242.634 | -0.004 | -0.004 | 40.992 | -0.010
14 | A2-13:44 | 2774304.171 | 316242.635 | -0.004 | -0.003 | 40.993 | -0.009
15 | MI1-14:10 | 2774311653 | 316232.195 42.43

16 | MI1-14:20 | 2774311.645 | 316232.195 | -0.008 | 0.000 | 42.435 | 0.005
17 | MI1-14:29 | 2774311.672 | 316232234 | 0.019 | 0.039 | 42.435 | 0.005
18 | M1-14:38 | 2774311.673 | 316232235 | 0.020 | 0.040 | 42.435 | 0.005
19 | M2-14:10 | 2774310.603 | 316234.369 42.384

20 | M2-14:20 | 2774310.613 | 316234377 | 0.010 | 0.008 | 42.386 | 0.002
21 | M2-14:29 | 2774310.608 | 316234380 | 0.005 | 0.011 | 42.389 | 0.005
22 | M2-14:38 | 2774310.620 | 316234380 | 0.017 | 0011 | 42.381 | -0.003
23 | KI-14:41 | 2774302.607 | 316246.798 42.733

24 | KI-14:56 | 2774302.600 | 316246.793 | -0.007 | -0.005 | 42.727 | -0.006
25 | KI-15:01 | 2774302.598 | 316246.792 | -0.009 | -0.006 | 42.725 | -0.008
26 | KI-15:11 | 2774302.606 | 316246.796 | -0.001 | -0.002 | 42.729 | -0.004

(AR FILE RS TR > 2023)
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FHRAXEBFEGETE > Be#a - i
J8kAt B 58 TAZRAR A SfC & Baai S0 UAV O
o REREE - WEDCEE N TTE - AXMEEEE
i ARZEI ~ S A MO - EDCER - 2
Tk e S A SRR S S TR R R R T R [F R &
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HIERL °

SRR

SR EIERRE AR A E] » 2024 < DIL {§fE Zenmuse

Pl E g #  PH

https://www.esentra.com.tw/product/dji-

zenmuse-pl/- 5[ F 2024/09/20-[SENTRA > 2024.

DJI Zenmuse P1 integrates a full-frame sensor,
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Integration of Multi-Remote Sensing Technologies for Slope Disaster
Recovery on Highways

Hong-Kuei Cheng ! Kweishr Li 2 Hsing-Hua Chiang 3 Wen-Liang Chueh 3

Abstract

Taiwan's unique topography and environmental conditions make it highly susceptible to natural disasters,
which often result in significant environmental damage and pose threats to human lives and property. Given the
urgent nature of disaster response, it is imperative to obtain timely and accurate information regarding affected
areas. Furthermore, the risk of secondary disasters must not be underestimated, underscoring the importance of
comprehensive spatial data collection in disaster-stricken regions. The completeness and accuracy of such data
directly influence the efficiency and effectiveness of emergency response and recovery operations. This study
presents a case in which a combination of remote sensing technologies—including Unmanned Aerial Vehicles
(UAVs) for aerial imagery and 3D reconstruction, Light Detection and Ranging (LiDAR) for point cloud modeling,
and total stations for geodetic surveying—was employed to rapidly acquire spatial information in disaster areas.
The integrated approach provided critical support for emergency repair and post-disaster reconstruction,
demonstrating the value of adopting diverse technologies to meet varying operational requirements.

Keywords: Unmanned Aerial Vehicle (UAV), Light Detection and Ranging(LiDAR), 3D
Modeling, Point Cloud
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Exploring As-Built Data Management for Maintenance Needs of Public
Utility Pipelines: A Case Study of the Taoyuan Aerotropolis Zone
Expropriation Project

Shih-Yao Lan ! Yuan-Liang Lee 2 Yu-Feng Huang 3 Hsin-Ta Liu *
Chiu-Fen Lin > Jun-Xuan Chen °

Abstract

Road construction often results in utility damage due to inaccurate mapping data, primarily because
contractors submit design drawings as-built drawings. This leads to discrepancies in pipeline spatial location and
burial depth, as the submitted data does not accurately reflect on-site conditions.

To address this issue, the Taoyuan Aerotropolis Engineering Office has implemented a 3D Geographic
Information System (3D GIS) that integrates BIM design models, surveyed pipeline points, and data in Geography
Markup Language (GML) format to enhance the accuracy of utility mapping.

To ensure data quality, the as-built drawings must pass a system-based rationality verification process. In
addition, supervising engineers manually inspect the pipeline data for continuity, completeness, and accuracy. The
validated data is then integrated into a 3D public utility database to improve overall mapping quality, meet future
utility maintenance needs within the Aerotropolis project area, and reduce the risk of utility damage and associated
threats to life and property during excavation.
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4451D-15 0% 0% 0% 45% 55% 0%
4451D-16 0% 0% 0% 1% 73% 26%
4451A-10 26% 74% 0% 0% 0% 0%

4452B-1 0% 0% 65% 35% 0% 0%
4452B-13 0% 6% 78% 15% 0% 0%
4452C-25 0% 0% 54% 46% 0% 0%
4551C-38 0% 28% 72% 0% 0% 0%
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Integration of Smart Water and Hydraulic Models in Construction
Management

Yu-Tai Huang ! Chin-Ling Huang 2 Cheng-Hung Li 3 Chia-Cheng Shiu 4
Hsun-Jung Chen °

Abstract

The importance of urban water resource management is increasing, requiring advanced tools to support
operations and decision-making. This study integrates artificial intelligence, hydraulic modeling, and geographic
information systems to enhance analysis and overcome the limitations of traditional approaches in assessing
affected users. Focusing on Taipei’s water distribution network, the framework applies three key practices. First,
construction impact analysis identifies service areas and households affected by pipeline replacement, enabling
accurate planning and communication. Second, network planning and design use smart isolation techniques by
controlling boundary valves to determine the optimal inflow point and improve water distribution efficiency. Third,
multi-period source tracing applies dynamic hydraulic modeling to quantify water source proportions at each node
and track major flow paths across time. This integrated methodology provides a powerful means to dynamically
evaluate user impacts and precisely map results to individual pipelines. For the Taipei Water Department, it offers
tailored management strategies that improve maintenance efficiency, strengthen decision support for pipeline
renewal, and advance sustainable, data-driven water management.
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X Y X Y (m)

1 Y1 301222.585 2505133.921 301222.503 2505133.880 0.092
2 Y 2 301186.150 2505137.667 301186.150 2505137.667 0.000
3 2 3 301181.743 2505181.228 301181.743 2505181.228 0.000
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Application of High-Precision Maps and 3D Mesh in Digital Twin for
Ludao Township

Bi-Shu Shen ! Ming-Nan Wang 2 Liang-Hui Li 3 Hong-Lin Lin 4
Cheng-Piao Lai ° Chun-Jung Chiu o Rui-Yi Jian 7

Abstract

In order to align with the central government's policy on land Information System while to meet the needs of
the county government’s development and surveying in both official and private department, Taitung County
Government promote the project of "High-Precision Digital Terrain Map Data Refinement and 3D Mesh in Ludao
Township". This project deploy the surveying aircraft equipped with LiDAR system and nadir/oblique camera
system. The result of this project includes 6 cm True Orthophotos, 10 sites of LOD3 mesh, 1/1000 mapping using
the 6 cm True Orthophotos, which is the first attempt in nation, and the accuracy of these results exceeds standards,
achieving the goal of "image as map". This project aims to transform Green Island into an experimental area of
digital twin and 3D GIS. The high-precision, high-quality data produced can be applied to cadastral surveying,
land planning, civil construction, tourist routes, and disaster prevention. It is sure to become the best tool for
Taitung County Government in planning, evaluation, demonstration, and execution.

Keywords: Digital Terrain Map, 3D Modeling, Digital Twin, Full Waveform LiDAR,
Oblique Camera System
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