107-068-1407
MOTC-IOT-105-PEBO19

UAV 5 & VR fjisz L ¥ 3
KT {%%ﬁlf—‘f‘

t‘“g& 1:\\%—

R E It

y

\

RBEEm@m AT
S E A J 107 & 7




107-068-1407
MOTC-IOT-105-PEBO19

UAV % &
%,};T*ﬁ

I

FH R EA Y am R
¥ E~MipE AR AR DA
Feeh - FRE L SR b 13

2% 8 =P iE & M 5T PR
dERE 107 & T




UAV #5 5 VR il St A R BK T 5t T E V4R
O FEIRYE SRS  SASC - TIHH ~ =R~ Hk5EE -~ BEATE
Bt~ s~ B - BERE - 2R - BWE - BETF
Hi i RE - S m S A R ST T
#r fk - 10548 ZAETEYEILRS 240 5%
4 4k - www.iot.gov.tw (FZhiz > Sifiz Bk > AT H AR )
B/ x% o (02)23496789
HRER - EERE] 107427 H
B il =&+ JUAtETRIERR A E]
iz (R 2R A+ ) hie— ] 15 fHf
A [E R Gl < A ES A b ST P A ek
E E: JEEM
EZEMEREAN © PERE (AR - 3CmEbEimb 7T )
if?ﬁ%?gg%ﬁﬁﬁ TEF > AFIAARZENERESE T NEE - AECKAC @ S E i 7T




107

UAV P« VR nﬁ%wﬁﬁ N ﬂer £l < %ﬁ H el m»w

o ) 5 BT A



BEFM TS EM R E HIRmERR

)<',,
r—lH
okt

Boms LA D UAV B E VR BIFZ A T Bk T AR B4
R HEE 5 (A5 [P RS- R | SR LTRSS | PR

107-068-1407 105-PEBO019
R ER L SRR K i (fEETHER IR LA Py
ER- SR L 2 PRI E

PRI CREAFELF)|FL AR P FAR B CS S H 4% 105 £ 67
FLIAR P cmapP g |- FRy  EREEER 23
%% Pyl FFT YO R ¢ X B 300 B 3 105 & 12 »
i % 3 3% ¢ (02)23496805 i % 7 3% ¢ (03)4227151 ext. 34034
B2 g ¢ (02)25450428
Makse s @ A REPE BRFE kT RRID L S = HFE D

#FE

ARHE 3G R I LB R ok SRRAAE LR UL TR R o kP
ﬁ*w%%i%%’%ﬁﬁJuﬁﬁé;’ﬁﬁéﬁ’g—%@ﬁﬁﬂmiﬁ 5o R
$&"*¢vﬁﬁﬁ$¢¢§#w’ £ 1B ARE] TR A 2 %ﬁoﬁﬁ%$$é%ﬁﬁﬁ
PoApkARlR TR OHETRE -

Aot 1038 fede TR R okl A PR P LR T HAER D) e
L R & 4 #0742 (Unmanned Aerial Vehicle » i fEUAV) 2 Ap B g AT 3% 3 > TIEd &
A&%ﬁiﬁ@’é%ﬁ%%%ﬁﬁi%@ﬂ%ﬁmiwoﬁwﬁéizﬁﬁ%mb**’
54 2 113DAf F R 5 RIDH S L i i 2 T (L AP EF IR g
fEEE o UAVERRRL - Sf 5 R 2 3DICA ) 5§17 UAVIE 0% 3 80
4 WA 7 2 3DTR B B v 22 2 324H 3D m T B (Virtual Reality , VR) 2 Tk 3 » i s AR 7
tiRl A R s ik T e

P ARG TR AR G AP RIFRER Y B PEERAIC R T FELE
FEFRAR - 237 F T R £ (RE122 %) > WEBR AR G HPEA LRG> a
g wa ﬁmﬁmwﬁ QEW B IPE R Y R RS wp%w? A=
RSN PETIE N - Bl e R ) }\Tfuf]%—*’”’ TERE o

?F"i%%Fi§@UAvw#%%ﬁﬁuM%%W§lﬁ HraE = 3DAR F 3 1 e ¢ 3Dk
R *ﬂéiﬁi@%¢3D&%?fﬁi#ﬁﬁ?1°“P’«*¥§%ﬁif £ KT R R
&*ﬁ%#%f’%P%%U%kkﬁﬁhkﬂﬁf ¢%°ﬂ&’.“%i%urﬁ%%
BlHE R 2 BE 0 ARABERPITESTE TR mT 3% o

dEp | FE | W o

mﬁ%ﬁ‘g@ﬁ»ﬁ%r%—,q%&}f\gosg»is‘]vjlbhg;;r',;};g"\;}j;f
10779 | 192 | 25% 5 (BMEHE SRT S5 ATLEER S £ 4 2 F ¥ M BHT
FL M-

o s

Ol Ol s [eps e s

(famist :[] & * p@gp Jotidfae [(IdesiEs
[Jrie & gRM T RG> Y FiRTEyHELESR)




PUBLICATION ABSTRACTS OF RESEARCH PROJECTS
INSTITUTE OF TRANSPORTATION
MINISTRY OF TRANSPORTATION AND COMMUNICATIONS

TITLE - A Pilot Study on Integrating UAV and VR technologies and a Pilot Investigation of Underwater Bridge Inspection

Tools
ISBN(OR ISSN) GOVERNMENT PUBLICATIONS NUMBER | IOT SERIAL NUMBER PROJECT NUMBER
107-068-1407 105-PEB019
DIVISION : Planning Division PROJECT PERIOD
DIVISION CHIEF : Shuen-Yuan Chang
PRINCIPAL INVESTIGATOR : Cheng-Wei Su(Former Director) igODM JU”;‘ 20210616
ecember
PROJECT STAFF : Yu-Wen Yang, Ming-Yi Jian, Jyun-Hao Huang
PHONE : 886-2-23496805
FAX © 886-2-25450428

RESEARCH AGENCY : National Central University

PRINCIPAL INVESTIGATOR : Nie-Jia Yau

PROJECT STAFF : Po-Han Chen, Hsien-Ke Liao, Jen-Yu Han, Nei-Hao Perng, Chii-Jang Yeh, Ming-Kuan Tsai, Bin-Hao Lu,
Hung-yu Chou

ADDRESS - No. 300, Zhongda Rd., Zhongli District, Taoyuan City 32001, Taiwan (R.O.C.)

PHONE : 886-3-4227151 ext. 34034

KEY WORDS - Unmanned aerial vehicle, Virtual reality, Underwater inspection tool, Bridge inspection, 3D bridge model

ABSTRACT *

Currently, there are around 30 thousand bridges in Taiwan that are managed and maintained by the Taiwan
Railways Administration, the Taiwan Area National Freeway Bureau, Directorate General of Highways, and city and
county governments. According to bridge maintenance manuals and codes, these bridges are inspected visually and
assisted by devices if necessary. Normally, the visual inspection is performed by inspectors who approach bridge
components by walking or climbing. For bridges having high piers or crossing deep rivers, inspection trucks or boats
are utilized to perform such inspection. However, for bridges having large amount of traffic volume or being located
in rural areas, those trucks are too bulky to be used. There is much room for improvement for the task of bridge
inspection.

The Institute of Transportation (I0T) has conducted a research project from 2014 to 2015 using a low-cost
unmanned aerial vehicle (UAV) to improve the efficiency of bridge inspection. The UAV is automated by
preplanned flying routes to capture images of bridge components using its onboard cameras. Three dimensional (3D)
bridge models were built in that project. Thus, in the current project, better quality of captured images of bridge
components using more stabilized UAVs carrying cameras with higher resolution or special surround cameras is
expected, in order to build better 3D bridge models. The popular virtual reality (VR) technology is then incorporated
to view the built 3D bridge models so that simulation of bridge inspection can be performed.

In addition, due to the facts that scouring is a serious problem and is very hard to inspect for the bridges in
Taiwan, a special underwater inspection tool is developed in this project to replace the need of having divers
approaching underwater bridge piers. The underwater inspection tool is an extendable 12 meters long rod fastened
with a camera and an adjustable lighting device at the tip end, that are integrated with a tablet computer on which
underwater images are displayed in real time. Underwater depth of the inspection rod, distance to the inspected pier,
turbidity of water, and visual illumination are identified factors that affect the quality of underwater images.
Consequently, a standard operation procedure for using such tool is also established.

In summary, based on the concepts of “smart inspection as if personally onsite,” this project has successfully
developed a prototype VR system for bridge inspection using images captured by UAVSs, and a useful underwater
inspection tool that captures high quality images similar to that taken by divers. The developed VR system and
underwater inspection tool are expected to improve the efficiency and quality of bridge inspection in Taiwan.
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& 4 1744 % (Unmanned Aerial Vehicle - UAV) & & B 20— B s > = #e e
B0 UAV G n 50l 2 £ 20 0 2 RAE RS 0 B < i
Zogd RER LR AZEY h- F B éﬂ%fﬂ’ T2 7R MR o
FoRE R ARG UAV R G S BRAR 5 - B I8 R UAV
ES A HAE T AN K e gl o ¥ - ﬁ{u%w ] 2] UAV 3 12 #7k o0
IE* B F A& I % 2 B3 UAV Bt s ﬂ]ﬁ*ﬁﬁmn:zz» o W E Pojhrit
+ ’UAV:}7%F£ BHEiaitd 'R ERRAREETE HoiTE K2LE % 2 UAV
EFFE BMAA ot~ P HFE TR FXPRP > ¥ E*NE
E BREETR w229 o mEB P E A #* A AT 2 UAV - [8]
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%22 BAREPERY FR
G s # [F
e @ hpAvd e - FR - F 3540 507 @ %
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A ERAER |2 AGHERE T FYER R

TRARPERE L AT R F R M B AR A
5% B2 R AMTIEHO S AT Rl BRI R
B swABR
Hv AAERER TR FHEREG QU EPEYER
231 R L 4B R UAV 2 %
- iR
# B RAIGM =7 i@ % UAV S FTE v 350 ~ b gt ~ b 4 32 p-- 3
BT HA N ECRAM AP R A3 FE i B ARALR R
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50 G ootk R R A2 B 0 UAV B K B 2 BRI E R 2 £
BREAFFEHRPIABELI CE PR G 2 & &2 24 o [9][10]
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AP BR P RRIFRFEE A - 44 E Norman Hallermann % Guido
Morgenthal £ # & * 8 #h*e & ;¥ UAV > # e 8 3 T (4cR 2.14) % 3 e (7
I SH#EFERANEHAE P8 E (0B 2.15) - [11]
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®] 2.14 4#¢ ® Norman Hallermann % Guido Morgenthal & * 2 fe &
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®) 2.15 4¢ ® Norman Hallermann % Guido Morgenthal z_ § 51 ] % %

S 347

Bt FR e W chES R A Stirling Bridge - 3 R 2 % 0 GETARE R RIPFR G 7
2 o gt H® 1 Cyberhawk § 22 @ et o] 3] UAV JEB 3 & 23
BRI A RREETE CEERERE Y P2 Bk W AR RT Y
A CFEFSAEHECATE O RTRPABE 2T 2R BAL M
FAEER (- A RIEUAV 4 > - SHRBPETHEY) - [12]
232 AR 248 AT UAV 2 R
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RIS J:klalj;gﬂ?;}g . v E.?é?{}’;“ip&_\ AATILE QIR E o H Rt »}g [V
A
- PR Rl

WP AEY22p Ay ok UAV H 7084 2ikie 74048 0 1% UAV
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DY SF G- S [i‘fl?ftfélﬁl}"? R gh UAV RE e R v HEAPE
ALz TEMCR 2.18); TR 2 A MR RVEAS e P ER R
s E kit T 15 Ak rxsh?#.; (5% 212 A 45 (4o ] 2.19) #UAV 2 = @
T W4 4 B9 2 B2 TR % ~ Bentley Pointools V8i 48 ¢ i (7 BEZ il = &

Boald B 2 BB BT
HaX &40 2397 > 2 87 FfH 2 f247 8 UAV 243 > Flot = s
P RO M AT R S AR FORLACE BRI AR $10 UAV 2 g < [17]

%23 Z &7 H#FR S VAV 232 s 5 v i

7P UAV 7k 444 3 B R
fE47 R 1.2cm 0.2cm
S KR 9574 % 15 HATE R 250 § A
TR B PR 30 » 48 2 ]
?;}JM%%E&F’“ 2 B 12 |+
T Hafed @R v %

B 2.18 2 UAV 7 dp 2 2= %
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B12.19 = AT sk (s 2 A %

=~ AR R
%%ﬁﬁé/ fﬁw\mm¢mm?%@w,%§¢&% S KR
PR R R 2 AHR R R FIEER o UAV ‘sﬁ#ﬁ”‘%ﬁ/?dfﬁ

Z7 '}#Eﬁ%?f E I A %3' A IS BN S G F SR R
* UAV ET;}%W\
SRARRED zl'ﬁzs‘fii,’i}l B GRERAAEARTITS dpr X k& IF
@ % UAV ki pldsa 2 e i74ip2 1 7 CBEARILS PR b IR
& UAV 2 3208 UAV 7 4% e 3 * &3 > H“*Wmﬁﬁﬁﬁjﬂéﬁih
R Ftd TaEERY B R UAV, e gicg S g anp o g0t
W m?f%’ UAV §m3F 5 ¥ p ez UAV R 355 igBl g FlekX7 e w
GHETRRAER T p TR m*%ﬁ"? HEF DGR TR 0
B2 &% A 10061 5o % UAV Wil P as(R £ 1 006) « £4046(R
LB )RR 1 a5 L R RRIP 05 AR AR R BT e bt =
)i«i%’ﬂrr%i)i% CEET IRRZ BCESEER Y AR E o A K ;ﬁd W 5V UAV
BT E P e iJ*i“erﬁ iRz g o
¥ x(2010)w+ e wE 5 UAV 205 hitite S8 § stk
Fifw ByRipR Y x“;f}_)iii,ﬂ_, ABCDN # B % $[18] > BEcRE P, & * UAV i
f—y;]%ig: \\’ «:U o
%7 (2015) % * p (T gD B L T2 EE S UAV RBIFIPN -~ 27 3
SES ;}%m ) Tfiﬁ"}’* 41-@;;}%&‘* T 4P # R 21 Iﬁ;‘f#li\’—’ "*f)ua«%bh’ i BB P AR S
AP e AN TPEN EPC SR EV R TSR SO
H 4 16 II}“]‘#_I‘L T AR e m HE p 2 UAV 2 "4 iE Ii(l))}ﬁ—fﬁxl"ui
FARERS 2 (QffE RELL R 60 28 @) p Azl kTFE
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B AET E-20 % o F R m‘ﬁ”‘ FILF N A &
B R TR F UAV (7 ”‘%ﬁ/ﬁ 4)}%’7’& £
5

24 n-aRPEy z a2 fHFEEHE LS

e ‘ﬁ # UAV sidp s S 2 ) 2 e gt 2T S5
VR > 1 & il i p ER '%‘»L%@'{@_ » #- UAV #rdp i cid
qw z\ F'«’F‘ff*m EEAp L A R M YR S AR o
2.4.1 VisualSFM

VisualSFM #_z g # < & & Changchang Wu #7 B % chic §8 - & 2.4
Bundler (i&{7 5 Lt > T @Wir R 82 ) CMVS/IPMVS (35 % % & &
Z )~ SIFT(® B 7 % #Ficig & > Scale-Invariant Feature Transform) STHE R R
R ke A 7 R A - [19][20]

VisualSFM i A 1@ 4 2 SFM ( Structure From Motlon) 1R 5 E R
WL B Y MBS P B R AL R E Y R
B RS IR Y Mz BT (0B 2.20) 0 KSR MR S
A HE e 4e@ 2.21 -
e VisualSFM - [Sparse Reconstruction] - [0] - [] = = Log Window

= 1170 pro (555 ps and 0 merges) .

File SfM View Tools Help
= Ny . . PBA: 8853 3D pts, 32 cams and 37705 projs...
EE B = I ML TFC A R TN | I e e FBA: 2.413 -» 1.457 (5 LMs in 0. 55sec)
B B Focal Length : [3000,000]->[3068.238]
. Radial Distortion : [0.050 - 53]

b

&x
‘3“
A“?‘é

E,\m‘

\n

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
#32{32: 1450 projs and 559 pts added.

PEA: 15335 3D pts, 32 cams and 50989 projs...

PEA: 2.281-> 1.259 (24LMs in 4. 16sec)

#points w/ large errors: 18

PBA: 15317 3D pts, 32 cams and 50913 projs...

PBA: 1.247 -» 1.247 (20 LMsi |n 2.90sec)

#points w/ large errors:

END: Mo more images to add [D projs]

Failed to find two images for initialization
Resuming 5fM finished, 97 sec used

32 cams, 15355 pts (3+: 8450)
50951 projections (3+: 37175)

1 model(s) reconstructed from 32 images;
32 modeled; 0 reused; 32 EXIF;
SMEB(5) used to store feature location,

timing
Structure-From-Motion finished, 99 sec used
92.0(79.0) seconds on Bundle Adjustment (+)
88.4(76.2) seconds on Bundle Adjustment (*)

Run full 30 reconstruction, finished
Totally 99.000 seconds used
#7 : P10T0357

FH kR : [19]
B 2.20 #-- ape %= > VisualSFM 15 & # 2 22

I
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ot
FH R ¢ [19]

B 2.21 #-- ap % » VisualSFM 1 2 4 2. 3D #7

2.4.2 Photosynth

Photosynth % ficdic = @ &2 S o ~ & & (Feh- 38 JjiF - R & AL 5 Photo
Tourism = Photosynth 5% FF 3-8 ¢ chx ER Y SO R P dpincndip - &
BB poEEE 2227 BFR Y B o Photosynth S 4 %] 2 ot >t ig #
FrFeth ARy cHEMEARRERY X2 REFROITEY
[21][22][23]

Photosynth = % 4 ez SRR S 8= ReavdiR A »c % > BBE % 5 gk 2
BTN A2 doR] 2.22 2 k@ % % #5-3](Digital Surface Model - DSM)[24] -
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2.4.3 iWitnessPRO-Agilis

iWitnessPRO-Agilis £ # % f % B SR o™ fele & > 2 7 H 3 2 B AP
RS pEd R AR MR W ER G NIE A T RER e
g kBl 2 S icE A G 3 (DSM)fr i SR B i B R A =) e B
2.23 #757 ° [25]

iWitnessPRO-Agilis # * f# 47 ;2 ¥ 1 % B % st ( Digital Monoplotting
System > DMP) 2z #£4 » {1 * &2 H 5 w» B o B ® P Fgi 4 = 2
Bz d g FE UAVEFHHESFR G2 B4 08 ’;fﬁ“si @ dp FE R o
Rz at s P RRRETN o

Take your digital images at the scene. Import the images into iWitness and mark
cormesponding points fo determine the images’
3D coordinates.

Determine the accuracy of the project using You may also export the iWitness 3D m
iWitness' verification tools and graphical 3D view. > e
Optionally, scale and/or rotate the 3D model.

FH kiR ¢ [25]
Bl 2.23 iWitnessPRO-Agilis = ¥ #-7] % 3¢

2.4.4 Acute3D

2011 # Jean-Philippe Pons #2 Renaud Keriven £]= Acute3D » 2 %] i¥1
FafFrAA A 0 2 B8 2 Smart3DCapture(3ii e 44 Bently = & Jzpt 5 2 &
% ContextCapture) T § = frc 48 v M-I 5 ik 2 TPl S % > dT 8 B
fes 1 ZHIHEB Y nF FAper £ end 13558 o Acute3D 4 S e A < £ 4
ﬁ%?’ﬁéuﬁMﬁrmﬁﬁﬁu’ﬁﬁﬁﬁmﬁrg’ﬁﬁlﬁMiﬂjﬂﬁkl
2 FME R 2 R ¥ A Apes £ - [6][26][27][28][29][30]

@ Acute3D #7% E 1 ContextCapture p & it ficdd » ¥ 12112 § FA 47 B g B2
o R AR S AP PR RO AAH LT od FREWAREFZ BT
i o ¥ b & B AT 0 & 2 4p 18 28c® ~ ContextCapture © - j&
EEAFEF OV Z A RRETR A B L RTRGD LB B

B R i ihar S LR AFE LY Sipts o Acute3D H T
A A p BB RS p B4 2R G F R R = i) cAcute3D i Hioz
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BRESRyBRES ST 7 R AY T ARR ST AES 14 %
1eE Y v :ers ER PRI FEA Y R cFHE ey 1 £ MR XU
FHEM > Acute3D = 5 3F SR & UAV B AR B HATE 2 - - B
224 G i PR E E R T K 2 = Mg o

FH %0 [30]
Bl 2.24 Acute3D B & = M3 Hi3)

2.4.5 Agisoft PhotoScan
Agisoft PhotoScan % | * #ici= g 7 i 8 * Pigp iz = B 5 ¢ Lo Rz
BRSO A B R R ok 2 1 PR AR (H R 7 i 5em with GCP)4r
Jré:a H dm e DEM/EJﬁ HIW iz AEA o D P B e (TIRARIR & H dz I
B e e kAT el anip Bl £ A 2 B E s iR «?Jﬂ TR e
B P Aglfrz MRS EARL & 4 5 2 BIFE - [31][32]
- FFE G BB 5 & o Agisoft PhotoScan ¢ #& fe & + ek e BL2 4 R ¥
B nnE o L g6 O S B A 2 A 2 (40 2.25) -

Xt 90 Bed O @ d
|Ground Contral LN
EREFru@EE %
Cameras X/East
41 [ MG _0083.0PG 33 781681
7| [E MG 0084.PG 38781784
21 X MG_0085.PG 33781083
1 [ MG_00860PG 38782213
12| [ MG_0087.P6 38782657
9| [ MG 00386 33782855
9] [ MG 008976 38782841
2| [ MG_003900PG 38782734
2] [E MG _0091P5 38782640
2| [ MG 009276 38782716
2 X m6_0093.r6 38782943
1 & MG 00346 38782926
| [ MG _0035.P6 38782785 MG DOEAIPG
| [E MG 0096.JPG 38762763
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Automatic Generation of 3D Models from UAV-captured Image Data for
Immersive VR Applications

Nei-Hao Perng’, Bo-Sheng Bai', Po-Han Chen™’, Jen-Yu Han', Ming-Yi Jiang?,
Jyun-Hao Huang?, Cheng-Wei Su?, and Po-Yuan Chen’

L. National Taiwan University
%: Ministry of Transportation and Communications, Taiwan
: Corresponding author

ABSTRACT

There are some twenty-nine thousand bridges in Taiwan, managed respectively by Taiwan
Railways Administration, Taiwan Area National Freeway Bureau, Directorate General of
Highways, and local governments. According to the current bridge maintenance guidelines in
Taiwan, bridge inspection is mainly carried out through visual inspection, supplemented with
equipment inspection. Bridge inspectors would usually approach the bridge structure for
visual inspection. However, for high-rise or cross-river bridges, it would be hard to carry out
visual inspection due to the difficulty in accessing the bridge structure.

In view of this, the Institute of Transportation under the Ministry of Transportation and
Communications (MOTC) in Taiwan conducted a research project on “Enhancing the
effectiveness of bridge inspection equipment” in 2014, and successfully carried out bridge
inspection using a camera-mounted unmanned aefial vehicle (UAV). In this paper, the way to
automatically convert UAV-captured image data to 3D models as well as the subsequent
immersive virtual reality (VR) applications will be presented. It is expected that the proposed
development would help identify the defects on the inspected bridge, and assist with the
training of junior bridge inspectors.
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