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Application of an Unmanned Aerial Vehicle and
Photogrammetry Techniques to Construct
Three-Dimensional Model
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ABSTRACT
Recently UAV (Unmanned Aerial Vehicle) photogrammetry, which combines UAV

and three-dimensional modeling software, is widely used for terrain and buildings
measurements. There are several factors to affect the accuracy of digital elevation model
(DEM) and three dimensional model including photography altitude, photography angle,

image resolution, and photo overlap ratio. In the present study, we use three different
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UAV altitudes to take photos and three different photo overlap ratios to construct a
three-dimensional model and discuss the influences of photography altitude and photo
overlap ratio on the accuracy of three-dimensional model.

the photo overlap ratio is over 70%, the root mean square error (RMSE) will be less than

error can be decreased by using images form difference UAV altitudes.

the height error decreased from 1.43 mto 0.11 m.

i
% 1.5 m. The height error is the main error and increases with UAV altitude.
% Keywords: Unmanned Aerial Vehicle (UAV), Photogrammetry, Three-dimensional

The results reveal that when

The height
We found that

model, Photo overlap ratio, Fly altitude.
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fE A AT #E E UAV (Unmanned Aerial
Vehicle)Ji F A BEERYZE B » 1955 FEEH
RBREAAGE M E BN VAV R
Radioplane’ —HE.Zl 1994 4 Predator UAV E4& 1]
FEHE 30 D ENTEE IR (Rango et al., 2009) -
TR ATRITEE UAV R EErIfiZEtEe
W EAH BB 7B B 3 > A A BRE AL R
(Global Position System, GPS) » THEMEARST
(Pre-programmed flights) » IMUS (Inertial Movement
Units) ~ 5z FBITRIT » UAV ERRA - $RIE
B BEERME - BERE/DN  UAV ZLUEZERIThRE -
PRI R - Hrl Sl 22 &R
(Remondino et al., 2013; Haubeck and Prinz, 2013;
Hugenholtz et al., 2013; Seibert and Teizer, 2014;
Lo et al., 2014) - KIHGEF2K UAV BRI ZE 2
MR I FH TS 28 R AN [ A S B S 2 U - 1
AT RO (Krsak ef al., 2016) ~ i (Remondino
et al., 2013; Lo et al., 2014; Nikolakopoulos et al.,
2017) ~ 1] = b 2 B {b (Westoby et al., 2012;
Tamminga et al, 2015; Cook, 2017) ~ KL
(Darmawan et al., 2018)~ E23E# (Xiang and Tian,
2011; Baluja et al., 2012; Zarco-Tejada et al., 2012;
2013; Gago et al., 2015; Rokhmana et al., 2015)~ {1
JE i B AE ) 78 2 (Watanabe and Kawahara,
2016) ~ AFREEL i (Liu ef al., 2015 5 Neugirg et
al., 2016)~ ] 1| L7 & &l Tauro ef al., 2015,

Serban et al., 2016; Tauro et al., 2016a, 2016b;
Langhammer et al., 2017; Zhao et al., 2017)3% » i
eI R B YR SRR R L UAV 1Y
B8 - M UAV ol Gl B =AM Em =
AERE - SZE| UAV Fasis ~ o -
fHE e vSe AT L R s a7 T NS IOPEE 7S
# UAV fof s S A d R B = HEH
ERR TR R -
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x1

BIEHIRRARILFE Z MmIRREEL TWDO7 EEAR

£ X (m) Y (m) Z (m) £ X (m) Y (m) Z (m)
point001 228762.84 2714969.13 221.75 point011 228722.93 2714941.29 221.71
point002 228887.64 2715018.80 219.58 point012 228794.11 2714985.07 221.72
point003 228897.05 2714921.89 214.75 point013 228855.30 2715039.40 221.75
point004 228836.20 2714814.65 205.75 point014 228933.08 2714962.24 215.71
point005 228903.06 2714997.43 218.85 point015 228907.74 2714854.28 204.60
point006 228793.95 2714948.48 219.87 point016 228892.37 2714784.19 200.72
point007 228815.17 2714869.99 213.97 point017 228794.85 2714800.94 211.25
point008 228678.23 2714893.49 221.83 point018 228707.52 2714871.70 218.50
point009 228940.27 2715024.25 219.23 point019 228850.49 2714929.95 215.72
point010 228799.46 2714895.04 214.54
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(Ground Control Points, GCPs)L Rz FLB AR BN EE
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Bl o (] e-GNSS HIE5EE TWD97 FEARE » 3R
F1AUR °

= HMRAE

fize g2 & (Aerial photogrammetry) * J2f5
S R TE R R ze sl Al - ARRTER]
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SE R T2 o O] DA R A & R R
EFONHIEH AR G A R A =Y - R
F PR T2 ¢ 22 v B B Rk st i 4 &
VIR E IR E - HEEH S L2

2 RIREEXREAEEERITEE(THE
2006) ©
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AITEENTIST ~ MBI R ~ S TREAERE
BB ~ KFESEEFEHNE -

iRl = SR N VA Rl = GV aVA
{H =R (Digital Elevation Model, DEM) - 5]
FH 7 e g S 22 e p S B R B - REHH
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3.1 HERTE
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BIFAGRI T2 0TS - JEfG ARG - B8
] LIFEHH Structure from Motion (StM)#R S EE HUEF
208G - G TR T = A R R I T
et i B A T L Y LE R B R A -
35 20 EAH S AR R OB TR Ry BEEE - HORARAE Ry
HEREE - RUFFEMH HTE R Ghostt (UAV) K
PhotoScan-SfM RS HETTEES » PhotoScan-SfM
TR TE A F RO RS - B ERSE 2 1% - F5H
HFFEABELE - DI SR IF ] - R =ATE
PEEE - B B = A M9 K% (Triangulated Irregular
Network, TIN) » P2 =HEBERAY - 75 =48
EREAY FASEC PR B B A AL B RO AT B A% A
PEHIBGAY e-GNSS i S AT RFAR Y YA S s AT
P EBREEAT « I Pk By = HE BB AR
FEEL o-GNSS EMHIEIR 22 - B HE15 =4t
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4 HIFARETEE -
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O = MEBE AR - DT =HEE
BHU ~ YRE N R B R G - L
£& o SIM & Hk s i S 2R AR T 1 B F i
A RIL=AE BB ~ Yrie N iR B IR
S AGE U Z BRI AT FH R O AR = -
PUR 3 At i =02 =0 s B Lhd ke SIM 1T
A
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s ) T B BT S B By » 208 e 1 AR
H 7R (Wolf and DeWitt, 2000) » 553 /7
AT LB U ~ kR Ve et B
ZERIRATRCARE 4) - HGREN=DFR < 5
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St 4 (BT E BT A x, v,

z) °

u—u, =

—d [’il(x—xc)-i-rlz (y—yc)+r13(z—zc)j|
[’al(x_xc')+’”32 (y_yc)‘i'l’B(Z—ZU)

(1)

v—v, =
L) (v ) e (2]

[ (x=x)+r (y=2.)+ 75 (z-2.)]
=
d : BRI FEE
Xe *Ve 2zt BERHPOAE Y2 R PR AR AR
U, v~ d 2 BRI AG ZE  FEARH FE A
1~ - E@ﬁiﬁiﬁ*‘}%{ﬁﬂ a>T> G%H/Eu\ﬁﬁhji ;
x vy 2 YIEEY)ZE F EA SRAR EAE
u v B E R EEAE (2 R AT AR R AL

3.2.2 BILEC

G R R RS iR i —ik
2B R B LR RN & - TR L2
5 A T BC #4458 5E [R]— i 1 5 53 BAE R 3R s 182
HIRLE » RIEAE R 2 ] E B LR R
Hh o B s R IR E N B - B
B RRHE S G TR B & B - WAE T
el —E 8T - EREA R FE M rAYET
B DIERSG A g 5B E Bigts FRIATE
" 15 1 D A SRR 43 A R R bR R B
W& A PLE IR R R R AR A
BRAUEEASYE - TR BRULRC B A3
—HE(ERMR » 2009) : tHEAGREGE ~ BT
/N SEVLHOE -

T e EE I S R e - R AV R i
(Scale-Invariant Feature Transform, SIFT)iEH& %
HH Lowe £ 1999 F42HIAK  FlEE B K EAA
FEEHE T2 R VLC 2 TE - SIFT & —TEB2S i
R P 3 P A T B it B 45 v SR B R
B EAEZE RS i R, - MR AL
B RE e - RS RET S AR
SIFT SCHERY 7 325 BIANHIEAS i £ (Speeded Up
Robust Features, SURF) 5z 3= Bl 53547 R AN sk

8 8 #4 (Principle Component Analysis Scale-
Invariant Feature Transform, PCA-SIFT) °
3.2.3 EBEIEFEHE(Structure from Motion, SM)

AR [ 52 5 A (S M) i 2 T - 5 il L (L 4
s R HIBiTFEEL » SO — s 5 F B AE A
BT BT HiREBUE BB LR
BZRZy » [RIEL SIM it s S Bl 38 f TR
O = B AR RASES = B R T 2 B
B (Micheletti ez al., 2015a) * {HIEFAREALES - 1)
JATEE LU N EHIE(Micheletti ef al., 2015b) @ 1.5+
357 7 Yol s i | -2 S N SR = Bt e
s RERAAREAIET - FECRYIRS IR B a4
EREE  3MEREEEER - EARARE Y
e~ R SWLER A BRI AR 22
b 49y RS R 5 5.5
HIERE BB - FORPREBE T B T
EETT SIM 5 6. RERIBGEE AR 1Y%
% 5 TR E 8 RERIE - fOBEEY
ZJHIFR ©

STM HUEIEFRAZ RT3 Ky 6 A5 - 5351
o+ LB R E L » 2 s g h s
GAF BRI A BHEE S SRR KN
G E - AR B tHEA BRI Ry
s REREEIE © 3 BB ARG -
BETRRIR ¢ 4 MEUATH BRI B AL
B SRR R BERE - 6. AR
e =gt - G EYIReBE B R -

3.3 HEEENE

AT 9 B B F 2 S N TR B Ry B IR B iR
(TTRobotix)FTH#EHIHY Ghost+ (FLE 5) » AT AL
2~ B ~ BREE - RREEHISEG - £ 2 RER
Ghost+Z Hikg 5% » HESHEERER 1.55 27 &K
W22 Ry 25 orei o AIRITHERER 1 ANH - K
W R S AMNES - By GoPro Hero3 @ fxisiiifs
TIHEHE 4K/15 fps FISRFZIEAT R K2 1200 &R0
30 fps EFATIRE  AFFEBEELL 1080p fEHTEE » 30 fps
HUEE N HETTEREE o ARG A S SIS T
G WA RO T R R EL A T - KI
A Ry 180 & -
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5 EBAR Ghost+IOEHE A TR -

+K2 EBE Ghost+iRI8FK

4 B iE s e 450 RREE 295
(mm) (Kg)
 ith - 2 = 7
T 155 RARE 081
(Kg) (Kg)
BiEg TR 28 x 14 ﬁk%?H%Faﬂ ’s
(mm) (Min)
BiE KV 1L MR R
(rpm/V) 430 ¥ (Min) 2
kI B 30 STEABRRR s
(A) 72 I ) (Min)
iR E R
RESERME |, Y e 43R
V)
$RAe S R~ . ik AT R A )
(in) (km)

SIAWIZEE Leica ATX1230GG (FLIE 6)3E
17 e-GNSS F - H RG] 3# 2 /253 Ll Leica
ATX1230GG T e-GNSS - iHIFEH]EL ke Az Bh
RS LRI RS R A W A R = A B A A
R B = HE BB AR Y R B S B A
(L EhELED) - P =AEBE ARG kLB
JFEAREL o-GNSS Sl bt B AR ES T Lt » RlIA]
FFHE=HEBUER AL G -

3.4 EREENB
AHFFEE B ERENT Agisoft 23 RIRFEERY

6 Leica ATX1230GG %26 -

Agisoft photoscan #EE = HEHEE - Agisoft
photoscan FRARYE Z il = B A Fc iy - v DAEHTE:
B ETRE - NEE R - KRBIREN
HHE R - SIS A B —E HBRABILT
W BB EE B IER G A B = A
HUEE /& > AgiSoft PhotoScan VLD HEHE SM
(Structure from Motion, SfM) » = #E BB IS
TRAE Ko FlI F 2 i 7 A B =4 B A B ik e o
BCHPMG F ~ FEOTAEEENE - ARt - iRE
A

0~ FRSTHE R ERT AR

AT H I Ritan A R R E B  REE
R AT B BB & A Bl F L= o e B B =
MEBERARS 2 B RIS T =4
ek 3) - H-HER RN A EE G ERE
FHEE MBS KL E R
HHEMIE R 85 2SR (LA point006 By KEHE) » i f
AR B GG » 531y 0.15 fps ~ 0.3 fps
5 0.4 fps » HARIEER 117 iRegts ~ 232 iR
e 318 iRigtR - HopBni sk P BRI Ry
74.63% ~ 84.81% 2 92.04% ; 5 FHEE FiTim
AN B AT B S A = BB AR A RS 2 5
2 R EERH =i 50k 55 A
Ro~70 AR 85 AR HpBEiER 3.16
cm/pixel * 4.02 cm/pixel 5z 4.87 cm/pixel » H b
HEE 55 ARETRIEER - —E R R E
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*3 BRIGHMERENEER

AR HHAS | mit(ps) | MAREGH | BRAKFHESEE% | #n
% — R R
1 85 0.15 117 74.63
2 85 0.3 232 84.81
3 85 0.4 318 92.04
$—mEmst
4 55 03 247 66.25
5 55 1.0 785 88.3
6 70 03 241 72.5
7 85 0.3 232 84.81
B =R Rt
8 85 0.3 232 84.81 Casel
9 22 0__3 283 62 Case2
85 0.3 232
10 70 56 Case3
55 30
T kTR HEIE -
HIINFE 710% » H—TE R R BB K 70% ; 57 Total RMSE =

A E B A iR S AN E O R LS 2 s B
B MEBIER RS 2 i - RIFL LS 85 &8
REHREELL 0.3 fps #HUZ 232 iREZEAF Ry Case
15 DA Case 1 HY 232 SR8 R BERE - PRI INARIA]
iR st MR I 318 TRIMURy Case
2 ; Case 3 HIILL Case 1 Y 232 iRt R B4R - F5
BRI s MR EE S, 318 R
0By Case 3 °

¥R (Root Mean Square Error, RMSE)
& HH = A B U G B R A B AR - B
e-GNSS Sl B AR A AR~ 7 AE D » 73
B DURG BZ BE Y (8 S B AR 5% - 40X Q)7 »
RMSE_X F/RTE X il EEI T IRGR A
RMSE_Y F/RTE Y BhEEERTTRERZ ;
RMSE_Z At Z Gl ERIE SRR - 1
RMSE X * RMSE_Y * RMSE_Z —{#{E>- A
FIBAAR SR - BRI 15 2 B2 e Y £ 7 AR ER 22 (Total
RMSE) * 41=03)FT7s ©

2 2 2 (3)
\/(RMSE_X +RMSE _Y* + RMSE _Z")
=
N, @ ZHEBERE ARG B B AT
Nyt e-GNSS S HIRAL R FEAEHE
n: WiLEY B -

EHRERRHEE - HEEERD ZBELR
AEE AT 85 AR (LA point006 a5k
)25 % o FIEEIEELAESRE 0.15 fps ~ 0.3 fps
B2 0.4 fps 43 BIEEEY 117 R4 232 SR 5 318
iRt Hap R I BRI Ry 74.63% »
84.81%%% 92.04% » %y R E = HEBUE LAY -
A e-GNSS Fliz HEhIB B - Aosk =HER
B AU AR Bl AT - 53 1B e-GNSS &
W At B AT T R A » R 4 R » WiETE
#it%EE RMSE X > RMSE Y * RMSE Z B2 Total
RMSE » HASHRE#an3% 5 KiE 7 FioR - i5ehs
S E FrE L B R E G = (R
GEBRANE) BB = HEBE R kL B R
72 » H RMSE i - BZBEA X Bl maREs
RMSE 43515y 0.23 A R~0.33 AR 031 AR
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x4 FAXEEEXREE-MBERUCSBIREIIR

BRATRTFHERE (%)
i 74.63 84.81 92.04
X$hiRZ | YR 2Z | ZhiRZ |Total 38 £ | X 33k £ |Y $h3R £ | Z #4354 £ [Total 3R £ | X b3k £ |Y 33k £ | Z 338 £ ([Total 3% £
(m) (m) (m) (m) m | m [ m | m | m [ m | m | m
point001 -0.26 -0.25 1.72 1.76 -0.40 -0.41 1.21 1.34 -0.33 -0.36 1.21 1.30
point002 0.04 -0.10 -0.40 0.41 -0.10 0.55 -0.57 0.80 -0.01 0.12 -0.53 0.54
point003 0.31 -0.29 1.81 1.86 0.35 -0.33 227 232 0.29 -0.38 2.17 222
point004 -0.31 0.11 1.19 1.24 -0.57 0.13 0.57 0.82 -0.58 0.23 0.56 0.84
point005 0.21 0.45 -0.37 0.62 0.23 0.59 -0.11 0.64 0.23 0.54 -0.12 0.59
point006 0.09 -0.51 3.14 3.18 0.08 -0.58 2.94 3.00 0.09 -0.58 2.79 2.85
point007 0.03 -0.34 2.76 2.78 0.00 -0.36 2.94 2.96 -0.01 -0.28 2.78 2.79
x5 AOEGEEXRRE-HEERIN BRI REMRTR
Ek HREAMR Y ERE RMSE X RMSE Y RMSE Z Total RMSE
(%) (m) (m) (m) (m)
1 74.63 0.23 0.32 1.39 1.44
2 84.81 0.33 0.48 1.43 1.55
3 92.04 0.31 0.40 1.36 1.45
L6 T e amwion, RMSE 550 1.44 AR 1.55 AR B 1.45 AR -
W #6184 £ 8892042 TEAKE R - S K ER GG % T E
1 SRS I 74.63% ~ 84.81% K 92.04% » {H Total
1.2 RMSE 735 %y 1.44 SR1.55 AR 1.45 2R
| BT R T EBRERSEA 10.18% K
E 17.41% » {H Total RMSE %G [E1E » K53 BlEe
2 "7 Th0.11 ARK 001 AR - BERBERTR T E
1 AR 74.63% B R R KRR R AR 2 20K
0.4 — PEAS AT HAATHE(S (2006)FT it 60% B N BGRIE 1
' HHE L2015 E 80%. 2 » BLiF7eRs R el
l I Rosnell and Honkavaara (2012)5z Yanagi and
TTRMSE X RMSEY RMSEZ Tomrmse  Chikatsu (2016)FfFFCAAARARIF » Y Rosnell and
L TP —— Honkavaara (2012)RffF2r » & s EE AR 80%

RELEE -

A Y ElF A2 RMSE 4351 0.32 24 R~0.48
AR 040 AR R Z G RiRZEZ RMSE 43
Ak 139 AR~ 1.43 ARK 1.36 AR 5 Total

FETHE 90%HF » H: RMSE {47 0.02 AR 5 2
Yanagi and Chikatsu (2016)ZWF5ehsRAIFRE
BN T BB R S S K B ATR E
AR BURT - HEASSRININ - RN —CheFrE
W =HEBUEAR ARG - 2068 RS Pix4D »
B E BN 80% LRy 86.7%(firs 50 A R)
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&6 ATBENS

FREE-HBERIECSBIIRRE

FAR BT (cm/pixel)
. 3.16 4.02 4.87
X dhiR £ |Y #hik £ | Z B3R £ [Total 3R £|X #h3k £ |Y $hiRk £ |Z b3k £ [Total 3R £|X $h3R £ |Y $hik £ |Z #hik £ [Total 3R £
(m) (m) (m) (m) (m) (m) (m) (m) (m) (m) (m) (m)
point001 | -0.21 0.29 1.40 1.44 -0.49 0.06 0.88 1.01 040 | -0.41 121 1.34
point002 | 0.58 0.57 -1.88 2.05 0.34 2017 | -0.12 0.40 20.10 | 055 -0.57 0.80
point003 | 0.42 6.64 | 2146 | 2247 | 019 -0.29 1.70 1.74 0.35 033 2.27 2.32
point004 | -0.11 0.15 1.46 1.47 032 0.48 0.80 0.99 -0.57 0.13 0.57 0.82
point005 | -6.53 | -8.07 | 1379 | 1726 | 0.50 0.23 0.19 0.59 0.23 0.59 -0.11 0.64
point006 | 0.33 -0.04 2.87 2.89 0.25 024 | 210 2.13 0.08 058 | 294 3.00
point007 | 0.27 -0.15 3.58 3.59 0.04 -0.13 237 237 0.00 | -036 | 294 2.96
K7 ANOBENSHEEE = HEEERIIBEIREMRETR

— FRHT kS A RMSE X RMSE Y RMSE Z Total RMSE

(cm/pixel) (m) (m) (m) (m) (m)

4 3.16 55 2.56 3.70 8.36 9.49

5 3.16 55 0.41 0.30 0.86 1.00

6 4.02 70 0.36 0.28 0.95 1.05

7 4.87 85 0.33 0.48 1.43 1.55

e 91.3%(ES 100 ZA R + H = MBI ep ORI S S

FE BRI » (22 B BB R E MM
93.3%(irs 50 23 R) 5z 95.6%(ir 100 23 R
= B R A RS B RO R 5 S — B ke
Smart3D HIZBIfiEF 100 AREF » 4 ESR
A SHEBE RIS R - R 50
INREE AR EERYE 80% EFH By 86.7%HHF » =
MEBUE R RIRRS BRI - s EBRIE 86.7% 1
TRy 93.3%HF » = HEBUE B AR FE s -

42 HEMSHEE - HHEERE ZBELLR
UAV 1E =Ml EHEf =R - Dkds
PR 0.3 fps BUMHF - AHR BE AR 232 3R
X 247 iR 5 iR BRI B
THRARERE I - FFaENTE 55 AR EHTE 85
R HIBEBRNE 66.25%FETHE 84.81% » 4l
7 3 R o BHR =R S i R B A =HE R
BRI ET R ML B A ATEE e-GNSS & iHlfnt%
BRAY AT Z FIRURRE » A12% 6 AT » WAt A%

[ 7] #¥A%570m
A A 5 85m

RMSE (m)

RMSE_X
8 AEBENSEEEE=HEERIZEK
BERELLBRE -

RMSE Y RMSE Z Total RMSE

BEi7 2 RMSE_X*RMSE_Y *RMSE_Z il Total
RMSE » HAETRANER 7 KE 8 o A FER
S 55 ARPEEE = BE AR ZES
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AR - H Total RMSE 1 9.49 AR - HJFA]
AR R BRI B E - HE BN
FJEAER T 66.25% » KIS INIFAER 55 &
R BEH 1.0 fps RYSEERIERGE G - 4L 785 TR
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