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ABSTRACT

Photogrammetry has been widely used for measuring the important physical quantities
in aerospace areas because it is a remote and non-contact measurement method. In this
study, we analyzed photogrammetric error which can be occur in six degrees of
freedom(6DOF) analysis among coordinates systems with single camera. Error analysis
program were developed, and validated using geometric problem converted from imaging
process. We analogized that the statistic from estimated camera pose which is need to
6DOF analysis is normally distributed, and quantified the photogrammetric error using

estimated population standard deviation.
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Camera Perspective Point Table 1. Camera Pose
(X0:Y0:2Z0)
e ) X Y Z w 0] K
el (mm) | (mm) | (mm) | (@eg) | (deg) | (deg)
100 200 1200 10 25 40
A\ Table 2. Camera and Object Coordinate of
Y Control Points (Unit : mm)
Image of object point
No Object Coordinate Camera Coordinate
’ X Y Z X y
1 150 150 0 1.91086 | —4.18521
2 | =150 150 0 0.278011 | -2.53504
3 | -150 | -150 0 -1.1851 -4.15507
i 4 150 | =150 0 0.338775 | -6.09002
L Object Point
System Table 3. Result of Pose Estimation

Fig. 2. Geometry of imaging process
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Table 4. Camera Pose in Moving 2, R = DA HEe] HHY, 7sieHor 34,
Coordinate System JJEAZ AT} Mwsy) 97 A7) ol EHE
S Position Al < %QOIEE X-E (0,0,0)T7} @k Ax A
L 2 3 X R Ry Ry, FHEZHE T 447
w(deg) 30 2 10 Table 59} 2t} o]2RE = HEATI] 6245
¢(deg) 0 125 25 © A AR A=)
x(deg) 0 0 40
x(mm) 0 50 100 X =Xo+R,es - Rk (Xx— o)
y(mm) 0 100 200 T
0 0.69420 —0.58261 0.42253 0— 100
z(mm) 200 700 1200 :[ 0 |+ 068026 0.70721 —0.15743 -lomo]
_ o 1500]  [—0.20710 0.40053 0.89257 0— 1200
Table 5. Moving Panel 6D Information in 3
Reference Coordinate system ®)
w 1) K X Y Z C @< o] ©Oxl HA
(deg) | (deg) | (deg) | (mm) | (mm) | (mm) V. 6At = Z= o F2 24 =4
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ZHel = o F9 A== 2HALY, d=
AN E 389 AL A=t} o] Auge M T A W] Fepeln, b x|

AHE 382 o2 BAAW, el Gal ga 2 A ATAN F38 A5 Y3, 2
A% Eolahd Aad 2= 9ok B SAA Y Fserd els AHA Qe
NEAEANA Adeel AA (won)E T ORET CI% B FHLT [ A
(0,0,0)°°]19, <= (XO’ YO,ZO)*E (0,0,1500) Z ZixAA Y FiHe = A F3 F R
7+ A A9 Ao u] AL AP

mmolth. &&ole FHFANAY sl $x) <9}
e HHeol Z+ YXHE Table 49 VEIR
th o7)A, 2+ HEANAMY ¥ HHY T4
o2 7Hg3t. Hdo] 3 YA Ue HM 3.1

e YU ol gl LA

.1 2&| 72 Z(Monte-Carlo) 4#

I

Hel A= = HH O oEyis sEws
490 A9 BT EAolme, o gee oz L0708 BEE SRETE BEOIC T
ol AsdAE 7]§s 34} 3o} So U 7 e AEeeld se] o Ade
ol F Al ek 7zt :%_Z(Table NE 7l eames mass W duHgoz o
E AEAC U E2E MBS FW, NE A gy oy we ge muron, ma9
AN A o5 AIA FAAD AAS A Lhn L e g
AE 78 & Atk oju, o]FHE A I 7} B AmeAL TedZe od4s B o
dletel xzel S wAIS Fig 29k 2E 1SEHA 54 mhgzz Ao  zzaus
wAsh sdstnR, eSS, BANARE  porpango oz FAgstgon, eARAL 9o
Ae e dAE d, BANITHE AL qemiz Table 63 2o] AL 2 A
gvige. =, A= AAE AN AEA 7 gt} 2944e Luhmanns] =R[7]NA AA
FO=F pj%(j(_ﬁ—) _¢ — _u)) ] _?'f_, '(1)47‘(] = %}\-% o“| {5]_0:] 7\“X40]—°30L]—/ /\]-75_ ]%9] :@_
(0’0’1500)mm§ O]%‘ }‘]71%/ -411}“5 ?5]%94 75]0]] [q.g]_ 1:1—3"_ 2= Jd= %}1\_0]11] Z-.‘E‘.qu-ﬂ-
AR AAZE 1E AIEA WF T27F HY O gew 43), @) tﬁ o U Lsage =
°]& Table 5°] WEFHATE Table 55 °l5 ## 1= 2 9o
FAY 71E FEA W FoiFHA Axe}F 2
A HehlE Jlez, ol AEAE VT Table 6. Input Variables and Variation
Aol sl Table 59 FvE 3 A (v—ogp—kr)E ‘
FHE (X V.2 HE EolA 9lu}(t A& /l)ul o }}f%‘*ﬂ# — - Eg44
sttt 387 Frik Y + 0.0017 mm
8, 4 1) 2 JAYY A WEE o | FAEAA 5{5 I}:g]]ref : 01 mm
JA71 XE Axtstd 2@)F 2ok o7]A, - mov
NEFEANA 7H e A= (0,0,0)° o= 7he 2} W f. + 0.0002 mm




41 45 28 5 9% 2013. 5

ARIA S| 674l 2 29 04} %

oL

3} 355

TS5 BxdE U4E o]8sle 7+ TR
UE QR A O 2ol Fasan
Lnoisy — Lnominal (dmax - dmin) RU (9)

A7,z e FEAHNE AH

NEDHAT, dy —dp, = BHHESF

A, RyE 0~19 WS e IF
o~
BN

(Uniform Distribution)& 7}A&= &

Aste] o] FHEA NN e Exo] HE 5
A9e FRstgch BB 432 A4 3
A

, Y Al gk 3 XFFHAE Fig.
of GeEtSlth 5309 FECE F 539 ZH
7HEE AlEdeldS T7
30007 o]’do] =W Syt Ut

23 #Hds 4 &l
(Precision Index)& ©] &3} ZE T O ZHE
dZstdth A (10)91M ne EEF, t,5 AT

=7} n—191 student t-E X9 UAZ, s FTE

XFAAES A4 HERE, oF 0052 349
95% A #F= F3he 7P
_ S
PE—tQ/ZW (10)

Table 72 T 53/ o weo HAd A
= ARE Yvepdoh Fie ety X9} AbA o
2 JIHLe g2 F Aoy, v x
= vol g 2¥7E FANEY, v, 2
KR
A
7t

(VI =)

200.0895+0.0905 el Atk 95% Al 4
H, Yz A= 009052 HA~HOUIE F

o
1 05% FEdE & F 3

FE EFEAY FREe JUE AR2ZREH
FES 5HMTE AiHlet F=9 QAE A AHg
g AFds FAsA

w

Standard Deviation
N
o

N

000 2000 3000 7000 5000
Number of Samples

Fig. 4. Convergence of Standard
Deviation of Camera Pose Y

Table 7. Estimation of Population Mean

= o P P_dx (%)
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zo(mm) | 1199.988 | 0.025835 0.43
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