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A Study of the Use of Innovative Software Pix4Dmapper to
Generate Spatial Data rapidly from UAV's Aerial Images
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A Study of the Use of Innovative Software Pix4Dmapper to Generate
Spatial Data rapidly from UAV's Aerial Images

Key Words: UAV, Pix4Dmapper, image matching

ABSTRACT

It is the rapidly developing and evolution of micro-electromechanical systems
(MEMS) in the past years and it have been improved for the reliability and
performance of the automatic navigation and operation system of UAV (Unmanned
Aerial Vehicle), hence UAV can be fully automated and improved the security during
aerial photo capturing. Due to UAV has better mobility and can perform tasks at low
altitude in 30m to 50m to obtain high-resolution aerial image, so it can be using in long-
term environmental change monitoring in normal ; but it can quickly obtain the aerial
image data in disaster to analyze and make the decision and other applications. However,
the traditional orthoimage process to produce images captured by UAV, it has to
implement ground-based measurements, aerial triangulation, and stereoscopic mapping
are required to obtain orthophoto and terrain information, but it can not meet the need
for rapid acquisition of spatial data when a disaster occurs. How to produce orthophoto
and terrain information by UAV is the focus of this study. The study focus on
optimizing the process and on reducing time-consumption to acquiring orthophotos and
the DSM from UAVs’ aerial image by using Pix4Dmapper. The Pix4Dmapper could
automatically process orthophotos and the DSM purely using aerial image captured by
UAVs. The Houlong River, Miaoli, Taiwan case is used in the study. The Houlong
River covers an area about 4 sg. km, and the analysis of aerial images of the River are
354 images. The automatic process workflow of acquiring orthophotos and the DSM
from the aerial images by the Pix4Dmapper is within 5 hours. And the accuracy achieve
30 cm RMS error.
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Table 3: Statistics of height difference between DTM’s and
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:a‘.%“ = 80% » #& k- 4
N J&:LEF’J’ i AR

sy

GSD

B 12 Apt51F % & & GSD ¥t B %

" Pz > Yo,
G R R

Pixel Size GSD
Focal Length AGL

hoip il § 2 #4% - CCD Pixel Size 245 & § g % =& & 2 < (Size)* 4t
4 Sony DSC-RX100 %_13mm x 9.750 mm > #&@ A L S
f3 1§ R 4,864 x 3,648 » T 18 7| Pixel Size 5 2.67 um (13mm/4,864=2.67 11

m) o
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*E BRI EIF ® f247 A 7.5cm GSD (Ground Sample Distance) - 2
#ug AGL 55 330 2 2 (B " ea48 8 B 930 2 = -120 2> 7)o

(3) = 4 ¥R 359 %®m BRI A [ SMB(jpg #35') 0 dpHEITiEE B FY
3781*\g0Lﬁ@%%W1ﬁ00¢%%*$0

A Y E 7 PixdD o @3 2016 #r3F 4 0 Pix4ADmapper 3.0.17 5% & & 7 R
BN Tj!lm-ﬂd YR | rrj/; fie Intel i7-6700@3.4GHz CPU - 16GB RAM 4= nVIDIA
GeForce GTX960 GPU & {7385 » 7 & & 748k ~ %ﬁ%*ﬂémﬂi%] ¥R AR IT
EER 5 R > T 2 DSMArl 648 2 2 B > T BT 5 2472 7.54
cm 2. it B e et £ o] 7.54 cm 2. DSM - Pix4DMapper &2 = = & BFFEF
Mkt gpB A2 - & FIRS (Quality Report) » ##-F 5% % % SR
2P FE- et

(1). % (Summary):

Summary i ]
Project miaoli_1219
Processed 2017-01-25 10:27:43
Camera Model Name(s) DSC-RX100_10.4_4864x3648 (RGB)
Average Ground Sampling Distance (GSD) 7.54cm/2.96in
Area Covered 3.7803 km? / 378.027 ha/ 1.4603 sq. mi./ 934.61 acres
Time for Initial Processing (without report) 18m:02s

HRFE 5B % L4 TRAIB AP B2 B ~ iipAp 18 03] S0 B i
fR47 R o I SR r B 247 2 (GSD) ~ Bl R TR ,i.f{%l?] A7 e e AT
FHPER > AL Zenp 5484 GSD 5 7.54cm - & F 3.7803 T 22 i * 18
A O37f"/‘?‘us\-§;$¢7f’°iz\;§ B % oo

(2). & & 4 1% # (Quality Check):

Quality Check i ]
@ Images median of 56980 keypoints perimage (v ]
@ Dataset 354 out of 358 images calibrated (98%), 1 images disabled o
@ Camera Optimization 0.03% relative difference between initial and optimized intemal camera parameters (v ]
@ Matching median of 28168.8 matches per calibrated image o
@ Georeferencing yes, 5 GCPs (5 3D), mean RMS error = 0.006 m o

b

AEEDFEHEP L IARPETE > SRR tREY VT o
Iﬂﬁﬁ TP AR A

B Images (& 4F SRR AT § X9 i g (Keypoint) g 7 M kG 18

e A F 5B 00 % e g gk en? lf_ﬁ'{(MEdlan)—«L56 980>

B MR R AZE 10,000 FHFACEE o ho % B RO B B A FER g

13



(3).

HBEG Ao R 48~ 2 200 B IR R ot b~ o ﬁhg A 4 FikeLe

B KR AE o

Dataset: £ i & &7 * 22 K i * (5] f)mE g

Camera Optimization: 4p % 3 @ i it {& o0 & FEfv 7 & 5% & 4 #ic(affine

transformation parameters)£2 4p % 4= 42 & et 1 0 — 4k 45 (Perspective

lens)sii-4n BB Bt SenF T EA B3 33 5% A& %3 0.03%

L B 5 4o @ % g p 4L (Fisheye lens)dp 4 - H iR it {2 7 b4 S dc

CocF =7 it %> 5% o

Matching: © & B8 ™ fiede® » 2 % B ZFRP T fg?

HcA 28,168.8 0 L Jf g 2t 1,000 o pt T g kT U 3B R R AOT

e 4 5 Rt i o

Georeferencing: i * % > e 6 474 2L(GCP)fr i * iy 4| 8Li5 4328

Frdlghenfic g 1234 5-10 5 GCP > » T340 % E R P % 5 GCP 474

BRI PR AL 5T GSD A B AR EE R 5 B

A gads> 2324 5 0.006me > 4r% GCP 352 {3324 % 2 2« GSD
—g;& % GCP, sstg Mmf & enll &2 Fyara iz GSD

Fid el B4

I 5432 27 DSM 7R i1

@ Preview o

Figure 1: Orth ic and the cor ding sparse Digital Surface Model (DSM) before densification.

Preview: % 7+ ﬁﬂﬁ]fﬁ{ﬁé@‘ﬂﬁﬁﬁﬁ: FPE (B2 R B it)FEz i ahp

# 44 i (Orthomosaic)fr#c g 3+ % #-3] (Digital Surface Model - DSM)

[BYEY; S25i 0 RIRER - KAk B «Ugms\%m%‘%«aﬁﬂmﬁﬁ ok &TEZ
g EA Y R AL ERP LT NESF R GCP 4% DSM § 4
AR RSP BT RFL S BREG wga‘gp o 1 SR R e
DSM ¥ 5 3 > Z & & 2D # i<~ fie Bl(2D Keypoint Matches graph) -
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(4). # & =P w2 (Calibration Details)

Calibration Details i ]
Number of Calibrated Images 354 out of 359
Number of Geolocated Images 358 out of 359

Number of Calibrated Images: ¢ 58 G lig > TF 354 5% F 5 ©
f& % £ 22 (Reconstruction ) » A ¥4 A & & @ o it 359 % (@
FF R oIt g k) -

Number of Geolocated Images: & #_i= 8 fific® » ~ % % 7 358 5k §2ije

L= P 7
& F_fT o
e RS

(5). A= 458 Hrdp #ul Bl (Initial Image Positions)

@ Initial Image Positions 0

Fi* 2 BA 7T A5 UAV a5 SR ER ~ 2 e el > 2 AR
VRS Vizg il Rl VR I ok U N A £ i ﬁ-%g @ BT A
F4F o BHY mdjeand S B AT H B A Y - SRR fARERE o

15



(6). & s @i/ dles/E 6 F ek = % B(Computed Image/GCPs/Manual Tie

Points Positions)

\\

Uncartsintyellipsas 100x magnified

R T AR R ) e B 1 ()P ik 2 B i A5 115 GCP

bl (Fd 3 ) fev i &Hwéfﬁ(ﬁ34$)i@ﬁ%ﬁ:f
R O ;1i;\%mﬁ:§]§1’4,J\ﬁlﬁjg\,ﬁf}:§]§éfﬁﬁ?; R

,}@ﬂmﬁfrg%ﬁﬁg;f _a//g\q_ﬁo)—illi,ﬁ,ﬁ;)igﬁiio

16



(7). 4pt8p > =22 Z (Absolute camera position and orientation uncertainties)

@) Absolute camera position and orientation uncertainties (i ]
X[m] Yim] Z[m] Omega [degree] Phi [degree] Kappa [degree]
Mean 0.220 0.241 0.223 0.040 0.040 0.014
Sigma 0.063 0.075 0.101 0.014 0015 0.012

Mean X/Y/Z: ¥ X/Y/Z > » T 984 @ o

Mean Omega/Phi/Kappa: 48 # omega/phi/kappa T_w & L 534 & -
Sigma X/Y/Z: ¥ X/Y/Z > »i&E XL o

Sigma Omega/Phi/Kappa: 4p #% omega/phi/kappa % v % &8 X o

(8). ¥ & & B(Overlap)
@ Overlap (i ]

| E
+

Number of overlapping images: 1 2 3

BIHRp e F DR GENEER S RA T RESERGLIHNT] A
BURIE B4y > od Hed oG - %P BFAFLERS o

(9). ki ;x-T £ = % (Bundle Block Adjustment Details)

Bundle Block Adjustment Details i ]
Number of 2D Keypoint Obsenvations for Bundle Block Adjustment 9759497
Number of 3D Points for Bundle Block Adjustment 3336320
Mean Reprojection Error [pixels] 0.161

17



Number of 2D Keypoint Observations for Bundle Block Adjustment: | %* p &

2% Z 2P E(AAT) / ki 2T Z(BBA)™ 2 3 ihp d: SR #icE -

Number of 3D Points for Bundle Block Adjustment: 14 7 fe4+ 2D B#1 & 4 3D
2 kg ;ﬁ;; °

[plxels]:ﬁ PP i’—:ﬁ‘%g(ﬁf i :Pixel)°Reprojection error &_ %3 > & 5% € fper
Bt 1 T et B ehp $ i 4% 2h(Automatic Tie Point) 2% %5 iF + # i 4% 2t

(Manual Tie Point) & GCP #78 3| egk» £ 12 4p 48 e $Rfo ok 38 S et 2 358

12D =% 3 E 3% 803D g (Computed 3D point) 4% » 3D 2L E £ 82 5

R 3 4p # 0 i = B (Reprojected Point) 82 i i@t 5 B 2 B HEEL X

(Reprojection error) » 4c™ B #77%

3D point =%

2D keypoint
2D keypoint

Internal camera
Internal camera parameters (focal

parameters (focal 2 length, principal
length, principal External camera / point, lens
point, lens parameters dlStOrt[OnS

distortions) (position,
orientation)

B Point marked on the

\ ® Computed 3D point
image

Reprojected point

Reprojection error

20 1IN TN

(7 p https://support.pix4d.com/hc/en-us/articles/202559369-Reprojection-
Error#tgsc.tab=0)

18



(10). 2D ##x2:7 B Bl (2D Keypoint Matches)

Uncergintyelipses 100xmagnified

Mumber of maiches I . ] | | L]

25 222 444 666 888 1111 1333 1555 1777 2000
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) ¥ E'I%»F"’m@”’-ﬂrﬁ:? AE(2E ) Ao 5 RPGET hp ﬁmﬁw%fﬂ
BERR AR BERGEI ARSI (W) AR l%ﬁ*i; ]
SUEIES SR e - A inrﬁfza\;mj #(manual tie points) st z,' W ,‘E Ip %
[ 5 sRenBiifdki 4t o D SRR BR AR B F RIS B R ( B)
A %ﬂ‘ B R AT ﬁfbﬁﬂ oo heT Bl d B o
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*E K2 SUREBHACR 13 E APk S % 4o 14 ~ B 15~ B 16 e @] 17 #7or ¢

B 13 UAV F % 3p st ]
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163 m

150 m

125m

100m —

50m —

25m

Om  250m  500m  750m 1250 m ! ! ! ; ! !
Om  250m  500m  750m 1250m

B 14 v F AP % & R R % B 15 w & {c3< /%R % DSM
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"‘T i

ER % SDBLZ = %

s ;
Bl 17 w & {5 4¢

AT R, A E2ZFR ARSI AT AL O ABIRPN T
% e-GNSS & B 5>t ihd 5302k 5 AN BE % AT 2R
£ 12 BH G BEL 2RI A P FCER . L R s R 0
Y o Ty ‘ﬁ#ﬁﬁi@i#"% LA RkE qus ] ‘ﬁ”%w U E
TP P BE R BHFREL A SEHFEL AT RS
ML1>ML3>ML5>ML8 >ML12 % £ 5 @i+ i 5 = % 4*;:%1 » H t2 cH MLO2 >
MLO04 > MLO » MLO7 > MLO9 » ML10-1 > ML11 % + 7 BiT 2 R F L gk
F AT A B ol P Bz AR ek 2975 I BE R R P BB e T
- o ¥ M= a\Plx4DMappeer REDEAERF A R ETHREL S i«%?#ﬁiﬁ]
FASELHA P BN SE B Y REE BELAIF TN YR T
FLABFBLTHFAPE TR T S ”)ﬁ:i‘_ AR A o AP R
aﬁﬂéﬂ’uéiT PR S 2 k-
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42 Pilgd gz aeil

o B LA

S5 X Y Z

MLO1 233919.474 2719084.718 52.832
MLO3 234002.374 2718210.58 55.446
MLOS 233527.276 2717285.903 65.384
MLO8 234683.795 2719066.054 52.032
ML12 234407.389 2717355.698 65.142

MR EA R R R

S5 X Y Z

ML02 234039.25 2718695.117 58.169
MLO4 233908.247 2717935.794 56.654
MLO6 233700.838 2718274.887 55.247
MLO7 234620.49 2719319.574 54.651
MLO09 234554.814 2718627.992 54.388
ML10-1 234582.029 2718223.453 55.046
ML11 234458.318 2717869.579 64.74

e T RB LA T B 15 AT 0 H P S B L AR 2 B
wPigk o - BEEPIBEZ RS R ST

cm e

Er )l

ML1 (3D)
ML3 (3D)
ML5 (3D)
ML8 (3D)
ML12 (3D)
= 5384 (m)
Sigma(m)

15 {93 L (m)

25

7 3 fFHIERPAH AR A
X = % i%d (m) Y S miEi ()

0.003 0.013
0.006 -0.007
0.003 0.004
-0.009 -0.005
-0.001 -0.004

0.000379 -0.000003

0.005334 0.007595

0.005347 0.007595

L3 I B R 2 393 9 X HiE 30

Z= %L (m)

0.002
-0.008
0.011
0.005
-0.003

0.001492

0.006551

0.006719




1 2k

ML2

ML4

ML9

ML6

ML7

ML10-1
ML11
Lo (m)
Sigma (m)

2 43EL ()

4 BHBPHR A

X 3i (m)

-0.0619

0.1623

-0.1707

0.0267

0.0088

0.2764

0.0415

0.040536

0.134773

0.140737

s
B 18 s HIBe(F 4 ) P Bkt 8 )4 T W
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Y > e ®L (m)
0.0891
0.0695
-0.1846
0.1278
0.2184
0.3456
0.5470

0.173737
0.213118

0.274962

Z>3wEAL (m)
0.2188
0.2629
-0.3483
0.3245
0.0307
-0.4311
-0.0722

-0.002485
0.277200

0.277211



r%

R e I LI R Sl s AT S T

Poh AR AAURIPE TR 2P 2 PR TR BT TR R
PR AR E g SRz Sy BFRE TR 0 00T S BiciE s A5 HR) (DSM/DTM)
. éfﬂ-ﬂifgp = ARIREE A ‘@U@% sheE A £ A LT bldok B2 RonpEE 4

W BT H e T EEEE G RTIRTRE «hr%p‘p%] o g R
& & ] G H](minimally constralned) R Pix4ADMapper #7fed2 st &3 i F L 5
12 UAV R 7 INS v GPS #73% i&evh = = EO(Exterior orientation) F 4L 5 % » <
UAV + Z 345 INS ~ GPS &2 & ¥ 5uplk & e & 5 28 > 7 0 H mgdZehs & F
KL R ik A x";fém%]%]p\ s F LR K R G FlenD SR RS %
(1T ANGCP & 5432 04) R iht PR E e drp G | Bhdp e BRI B § (TR
PrEb Lo#-H g e srpedahan ik A (Baseline) (T £ B M R ik Pt i gt SN PE
* 2k MLO8 > MLO1 » MLO3 » MLO5 > ML12 7 & $3+1 %L » A 12 Pix4DMapper # iis?l
BT 3 NGCP & 582 o 11 % QGIS $r# 8 kv BE & irdigip e
% ehdidk > ¥ B 5] CKO8 » CKO1 > CKO3 > CKO5 » CK12 FIBHRPE R
30,31,32,33,34 #7177 2 &t bftg 1% B (i 4 3)-@#"’% 2&(5{?5 F)ehiz ¥ Bl o PR F
¢ sripdlghehi= ¥ & NGCP & 88 ik 7 FEFOLE LT - A
frdlgker NGCP & s+ 82 te % 8 & #rie & 07 % 24 BL_0801 - BL_0103 -
BL_0305- BL_0512 - BL_1208(# ¢ BL_0801 % 7+ MLO8 #| MLO1 s & CKO08 1
CKOL sk & > 4t g4 ) 4o B 30 #7177 » 2% 1 -3 e JL 4 i £ (Discrepancy) s
Pt BLED S4od 4977 0 B EE G P04 s R 2 e Srprd| gl £
(Dxy)=2- 1335 % 5 1.359m -

[}

® 19

IR ASR(FER)E & SRR EAR(R R)
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5 H 3 & 4 SHE R 8 ¢ ol gR e L (Dxy)

reT— . - 25D . - Ej#R(Point| GCPE#R |NCCPES | DxyZ | RMSE Std. (m)
to Point) B(m) BE#(m) (m) (m)

CKO8 || 234687.66 | 2719070.748| MLOS | 234683.795 | 2719066.054 |BL_08071| 764.55 765.44 | (0.89)

CKO1 || 233922.436 | 2719088.857 | MLO1 | 233919.474 | 2719084.718 |BL_0102| £78.06 879.05 | (0.99)

CKO3 | 234005.965 | 2718213.783 | MLO3 | 234002.374 | 271821058 |BL 0305| 1,039.50 | 1,041.13 | (1.54) | 1.359 | 0.435

CKO5 || 233530.635 | 2717287.49 | MLO5 | 233527.276 | 2717285.9023 |BL 05712| 882.38 884.02 | (1.14)

CK12 || 234411.811 | 2717358336 | ML12 | 234407.380 | 2717355.698 |BI_7208| 1,732.55 | 1,734.49 | (1.94)

il 20

)

MLO8

fefrdlek(E ¢ )¢ CKO8 &

ISR R R B )

MLOL & 4wiy418:(% ¢ )& CKO1 &

28

R R E( )




22 MLO5 & ks 418:(F ¢ )52 CKO5 & 1 545 f o 2 B (= 4 )

B 23 |_12 e F18L(F ¢ ) CKI12 2 &+ S B2 (2 d)

B 24 MLO3 © srrd) k(% a)ﬁ CKO3 & it @4kt 8-(izd)
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CEE A

AFF 3 & % Pix4Dmapper #i#8 ad® UAV 42 v & (835758 % 7 2l ek
354 5% > 35 pEN A R om fE247 R 7.54cm 2. & S+ 82 DSM > ¥ 1 S 12
TG RV R T 30eme i H P s poBs 1 A T B O R 2 BB Aofi e & 8 UAV
S FREFRIHELERE L ?ﬂti%ﬁ’ P

AL X T Ao E TR FH R TG R T4 UAV £ R P
INS ~ GPS #3* ¥ “TfEB-ch EO FT#L » 71 Uf@ﬂ FREHI N SR K
A AR BT GRS IERL T 15 0% s T R
AR TEAT S B A K AT iq—;i#??ﬁf]

BY ARBEN £ A5 E g4k ’f’”’i L
#o Ft B S UAV B % g B -6 4%
{5 g 0 bldoR kEAn s~k (Lidan)x &
iR E fr PM2.5 # Rl ik % > F1% v UAV #t fchz BF224 R B 32040 6 3
EARTHAA DA E I ROT U I A DT IE T T IL S F s
FF o Fafdpdl? v £ &b gy o

P flr UAV S o BB PSR E B b2 s 4 i gl e
SR BB RE AP M T AT PR OT R AST A e  fr L R
LN R s dofe - UAV R F g R s ¢ @ﬁﬁ]“ﬁf NE RSN
¥ i 3| Process on the Fly enTr pr gg® Hojis » 8-k 2L &€ & 997 7 348 -
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1758355 » T FUAS B0t 17§ 4 I8 B G2 R, » g &
>z g% 7] > Vol 2, No. 4, October 2015 -

18 tede T2 R ipis F 2 iF E HUAVRE G = R 273, 0 S @# 2T
gEETEEIFHEHT B S 02010

19.BBF TR ~MER -0 AR TRYUAV £ 5S4 & 457
A TR E RUEE g R ARl T 5oL % % = 8520150

208 FAEFIEFHBFV @A CHRAT TRAREPEHPY T AR
BR*P LT ERAY 07 Bk BERE S L2 X %= #520150

21.Pix4D, https://support.pix4d.com/hc/en-us#gsc.tab=0 4 =k
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KoL X Y V4
MLO1 233919.474 2719084.718 52.832
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Bl 2 MLO3 3+ o &l 2h(w ¢ )frabidse

o) B LA

"ggn %;tb

X

Y

MLO3

234002.374

2718210.58

55.446
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o] B
S5 X Y Z
MLO5 233527.276 2717285.903 65.384
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B4 MLOB 3 5 £ HI8h(F & )fembibie

o) B LA
S5 X Y Z
MLO8 234683.795 2719066.054 52.032
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Bl 5 MLI12 & 5 4] B(F ¢ ) frsbisse

Bl
B X Y V4
ML12 234407.389 2717355.698 65.142
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Bt 6 MLO2 6 6 B( § )frgbihse

LAKE
o5 X Y Z
MLO02 234039.25 2718695.117 58.169
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Bt 7 MLOA ¥ 6 2 Bh(% & )frBhakze

WP
B X Y V4
MLO4 233908.247 2717935.794 56.654
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Bt 8 MLO6 & i & i B( § )frabihse

e 17 Bk AR
o5 X Y Z
MLO6 233700.838 2718274.887 55.247
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Bt 9 MLO7 & 6 P E(e § )frgbihse

WP
B X Y V4
MLO7 234620.49 2719319.574 54.651

4




L L Can s

e 17 Bk AR

B X Y V4
MLO9 234554.814 2718627.992 54.388
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Bl 11 ML10-1 3 & 4 1 B(i ¢ )foBbinis

to 17 B 4 A

o5 X Y V4
ML10-1 234582.029 2718223.453 55.046
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Bt 12 MLIL ¥ 6 P 2e(ie d )frkibae

to 17 B 4 A
KoL X Y
ML11 234458.318 2717869.579 64.74
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s~ BRERF S R ETEHELE
Quality Report

Generated with Pix4Dmapper Pro verson 3.0.17

@  mportant: Click on the different icons for:

@ Help to analyze the results in the Quality Report

o Additional information about the sections

Q Click here for additional tips to analyze the Quality Report

Summary (i )
Project miaoli_1219
Processed 2017-01-25 10:27:43
Camera Model Name(s) DSC-RX100_10.4_4864x3648 (RGB)
Average Ground Sampling Distance (GSD) 754cm/2.96in
Area Cowered 3.7803 km?/ 378.027 ha / 1.4603 sqg. mi./934.61 acres
Time for Initial Processing (without report) 18m:02s
Quality Check (i )
@ Images median of 56980 keypoints perimage °
@ Dataset 354 out of 358 images calibrated (98%), 1 images disabled o
@ Camera Optimization 0.03% relative difference between initial and optimized internal camera parameters O
Matching median of 28168.8 matches per calibrated image (@)
@ Georeferencing yes, 5 GCPs (5 3D), mean RMS error = 0.006 m Q
@ Preview (i ]

Figure 1: Ortt ic and the cor sparse Digital Surface Model (DSM) before densification.
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Calibration Details

Number of Calibrated Images 354 out of 359
Number of Geolocated Images 358 out of 359

@ Initial Image Positions

Figure 2: Top view of the initial image position. The green line follows the position of the images in time starting from the large blue dot.

® Computed Image/GCPs/Manual Tie Points Positions
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Uncertainty ellipses 100xmagnified

Figure 3: Offset between initial (blue dots) and computed (green dots) image positions as well as the offset between the GCPs initial positions (blue crosses) and
their computed positions (green crosses) in the top-view (XY plane), front-view (XZ plane), and side-view (YZ plane). Red dots indicate disabled or uncalibrated
images. Dark green ellipses the absolute position y of the bundle block adjustment resuit.
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@) Absolute camera position and orientation uncertainties (i )

X[m] Y[m] Z[m] Omega [degree] Phi [degree] Kappa [degree]
Mean 0.220 0.241 0.223 0.040 0.040 0.014
Sigma 0.063 0.075 0.101 0.014 0.015 0.012
@ ove rlap (i ]

Number of overlappingimages: 1 2 3 4 5+

Figure 4: Number of rl images for each pixel of the orthomosaic.
Red and yellow areas indicate low overlap for which poor results may be generated. Green areas indicate an overlap of over 5 images for every pixel. Good
quality results will be generated as long as the number of keypoint matches is also sufficient for these areas (see Figure 5 for keypoint matches).

Bundle Block Adjustment Details

Number of 2D Keypoint Observations for Bundle Block Adjustment 9759497
Number of 3D Points for Bundle Block Adjustment 3336320
Mean Reprojection Error [pixels] 0.161

@ Internal Camera Parameters

& DSC-RX100_10.4_4864x3648 (RGB). Sensor Dimensions: 13.000 [mm] x 9.750 [mm] i ]

EXIF ID: DSC-RX100_10.4_4864x3648

Focal Principal Principal
Length Point x Pointy i iz = i =
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4335.915 [pixel]

Initial Values 11.589 [mm]
Optimized Values ﬁf"g‘ég%?\ﬁ]’e”
Uncertainties (Sigma) g)ggs {ﬁ:ﬁ;]

@ 2p Keypoints Table (i ]
Number of 2D Keypoints per Image Number of Matched 2D Keypoints per Image
Median 56980 28169
Mn 40253 5108
Max 80424 43644
Mean 58711 27569
@® 3D Points from 2D Keypoint Matches (i ]
Number of 3D Points Obsenved
In 2 Images 2123826
In 3 Images 562520
In4 Images 253688
In 5 Images 139890
In 6 Images 74558
In 7 Images 51251
In 8 Images 39034
In9 Images 30430
In 10 Images 22703
In 11 Images 14328
In 12 Images 9079
In 13 Images 5824
In 14 Images 3267
In 15 Images 1938
In 16 Images 1091
In 17 Images 738
In 18 Images 572
In 19 Images 474
In 20 Images 304
In21 Images 231
In 22 Images 172
In 23 Images 156
In 24 Images 110
In 25 Images 74
In 26 Images 45
In 27 Images 14
In 28 Images 2
In 29 Images 1
@ 2p Keypoint Matches (i ]

2431.189 [pixel]
6.498 [mm]

2431.801 [pixel]
6.499 [mm]
0.597 [pixel]
0.002 [mm]
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1827.328 [pixel]

4884 [mm] 0015 -0018 0006 0001 0.000
1828468 [pixel]

4887 [mm] 0013 0016 0004 0001 0000
0675 [pivel]

0002 [mm] 0001 0003 0005 0000 0.000

The number of Automatic Tie Points (ATPs) per pixel averaged over all images of the camera model
is color coded between black and white. White indicates that, in average, more than 16 ATPs are
extracted at this pixel location. Black indicates that, in average, 0 ATP has been extracted at this pixel
location. Click on the image to the see the average direction and magnitude of the reprojection error
for each pixel. Note that the vectors are scaled for better visualization.



\

you

ooy ¢

“

= - .e
s

)

KRR

TaYE
BORIINNY

Uncertainty ellipses 100x magnified

25 222 444 666 888 1111 1333 1555 1777 2000

Number of matches

Figure 5: Computed image positions with links between matched images. The darkness of the links indicates the number of 2D keypoints b the
images. Bright links indicate weak links and require manual tie points or more images. Dark green ellipses indicate the relative camera position uncertainty of the
bundle block adjustment result.
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@ Relative camera position and orientation uncertainties

X[m] Y [m] Z[m] Omega [degree] Phi [degree] Kappa [degree]
Mean 0.202 0.233 0.314 0.060 0.043 0.019
Sigma 0.063 0.060 0.147 0.022 0.020 0.016
Geolocation Details (i
@ Ground Control Points 0
GCP Name Accuracy XY/Z [m] Ermor X[m] Error Y [m] EmrorZ[m] Projection Error [pixel] Verified/Marked
M1 (3D) 0.020/ 0.020 0.003 0.013 0.002 0.702 T
M3 (3D) 0.020/ 0.020 0.006 -0.007 -0.008 0.579 13/13
ML5 (3D) 0.020/0.020 0.003 0.004 0.011 0.259 9/9
ML8 (3D) 0.020/ 0.020 -0.009 -0.005 0.005 0.532 13/13
M.12(3D) 0.020/0.020 -0.001 -0.005 -0.002 0474 9/9
Mean [m] 0.000379 -0.000003 0.001492
Sigma [m] 0.005334 0.007595 0.006551
RMS Error [m] 0.005347 0.007595 0.006719
0 out of 7 check points have been labeled as inaccurate.
Check Point Name Accuracy XY/Z [m] Emor X[m] Error Y [m] Emor Z [m] Projection Error [pixel] Verified/Marked
M2 0.0200/0.0200 -0.0630 0.0902 0.2204 04014 11/11
M4 0.0200/0.0200 0.1636 0.0701 0.2617 0.3662 14711
M9 0.0200/0.0200 -0.1702 -0.1830 -0.3514 04628 21/21
M6 0.0200/0.0200 0.0267 0.1278 0.3245 0.2234 5/5
M7 0.0200/0.0200 0.0088 0.2184 0.0307 04077 4/4
ML10-1 0.0200/0.0200 0.2764 0.3456 -04311 04337 10/10
ML11 0.0200/0.0200 0.0415 0.5470 -0.0722 0.2985 10/10
Mean [m] 0.040536 0.173737 -0.002485
Sigma [m] 0.134773 0.213118 0.277200
RMS Error [m] 0.140737 0.274962 0277211

Localisation accuracy per GCP and mean errors in the three coordinate directions. The last column counts the number of calibrated images where the GCP has
been automatically verified vs. manually marked.

@ Absolute Geolocation Variance

Mn Error [m]
-15.00
-12.00
-9.00
-6.00
-3.00

0.00

3.00

6.00

9.00

12.00
15.00
Mean [m]
Sigma [m]

MaxError [m]
-15.00
-12.00
-9.00
-6.00
-3.00
0.00
3.00
6.00
9.00
12.00
15.00

Geolocation Error X [%]

1045
5.93

141

13.84
16.95
3.39

1.69

5.37
17.23
1017
8.76

4.80
-1.449050
11.332477
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Geolocation Eror Y [%]
48.31

0.28

0.00

0.00

0.28

0.00

0.56

0.28

0.00

0.85

226
47.18
4.923278
31.996461

Geolocation Emor Z [%)]
9.04

226

1.69

1.98

14.69
13.84
17.23
18.36

1441

3.39

0.85

226
-22.819118
7.699290



RMS Error [m] 11424744 32.373016 24.083007

Min Error and Max Error rep ion error interv -1.5 and 1.5 times the maximum accuracy of all the images. Columns X, Y, Z show the
percentage of images with geolocation errors within the predefined error intervals. The geolocation error is the difference between the intial and computed image
positions. Note that the image geolocation errors do not correspond to the accuracy of the observed 3D points.

Geolocation Bias X Y Z
Translation [m] -1.449050 4923278 -22.819118

Bias between image initial and computed geolocation given in output coordinate system.

@ Relative Geolocation Variance (i ]
Relative Geolocation Error Images X[%] Images Y [%] Images Z[%]
[-1.00, 1.00] 17.23 0.85 83.05
[-2.00, 2.00] 63.56 1.13 100.00
[-3.00, 3.00] 84.75 452 100.00
Mean of Geolocation Accuracy [m] 5.000000 5.000000 10.000000
Sigma of Geolocation Accuracy [m] 0.000000 0.000000 0.000000

Images X, Y, Z represent the percentage of images with a relative geolocation errorin X, Y, Z.

Geolocation Orientational Variance RMS [degree]
Omega 10.835
Phi 16.802
Kappa 85.699

Geolocation RMS error of the orientation angles given by the difference between the initial and computed image orientation angles.

Initial Processing Details 0

System Information i ]

CPU: Intel(R) Core(TM) i7-6700 CPU @ 3.40GHz

RAM 16GB

GPU: NVIDIAGeForce GTX 960 (Driver: 10.18.13.6822), RDPDD Chained DD (Driver: unknown), RDP Encoder Miror Driver (Driver:
unknown), RDP Reflector Display Driver (Driver: unknown)

Hardware

g:{g"g Windows 7 Professional, 64-bit

Coordinate Systems (i ]
Image Coordinate System WGS84 (egm96)
Ground Control Point (GCP) Coordinate System TWD97 / TM2 zone 121 (egm96)
Qutput Coordinate System WGS84 / UTMzone 51N (egm96)
Processing Options (i ]
Detected Template No Template Available
Keypoints Image Scale Full, Image Scale: 1
Advanced: Matching Image Pairs PAerial Grid or Corridor
Advanced: Matching Strategy Use Geometrically Verified Matching: no
Advanced: Keypoint Extraction Targeted Number of Keypoints: Automatic

Calibration Method: Standard

Internal Parameters Optimization: All
Advanced: Calibration External Parameters Optimization: All

Rematch: Auto, yes

Bundle Adjustment: Classic
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Point Cloud Densification details

Processing Options

Image Scale

Point Density

Mnimum Number of Matches
3D Textured Mesh Generation

3D Textured Mesh Settings:

Advanced: 3D Textured Mesh Settings
Advanced: Matching Window Size

Advanced: Image Groups

Advanced: Use Processing Area

Advanced: Use Annotations

Advanced: Limit Camera Depth Automatically
Time for Point Cloud Densification

Time for 3D Textured Mesh Generation

Results

Number of Processed Clusters
Number of Generated Tiles
Number of 3D Densified Points

Average Density (per m3)
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multiscale, 1/2 (Half image size, Default)
Optimal

3

yes

Resolution: Medium Resolution (default)
Color Balancing: no

Sample Density Divider: 1
X7 pixels

group1

yes

yes

no

01h:24m:04s

20m:57s

2

2
47736408
3.56
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