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Analysis of Close-range Photogrammetry by Using

Non-metric Camera

Student : Fang-Yu Tsou Advisor : Tian-Yuan Shih

Department of Civil Engineering
National Chiao Tung University

Abstract

The demand of 3D models increased day by day, using non-metric digital camera to
capture the image with 3D information, has a great economic benefit. In the non-metric digital
camera applications, the interior orientation parameters are very important. This study used
three sets of close-range photogrammetry software : PhotoModeler, iWitness and Lensphoto,
and analyze the result of camera calibration and the relationship between image distance and
object distance. Using Lensphoto software to generate point clouds of objects, analyze the
limitations of close-range photogrammetry with the point cloud from ground laser
scanner. Finally, analyze the accuracy of parallel multi-baseline and panning and

multi-baseline digital close-range photogrammetry.

Results show that difference of the largest radial lens distortion on the largest radial :
PhotoModeler is 11.135um, and iWitness is 3.489um, and Lensphoto is 1.664um. Average of
the largest radial lens distortion on the largest radial : PhotoModeler is 336.097um, and
iWitness is 343.531um, and Lensphoto is 320.847um. When object distance is equal to
infinity, the image distance is equal to the focal length. Due to the different sizes of targets in
PhotoModeler, the object distances are different and the difference of image distance up to

1.04mm.



It is difficult that modeling 3D mirror sculpture in the close-range photogrammetry, because
mirror will reflect rays in different angles and different reflectance sights, resulting stereopairs
not match. Because the softwares of close-range photogrammetry have some restrictions of
images, the object is difficult to reconstruct overall 3D model. The two methods of taking
images are parallel multi-baseline and panning and multi-baseline, and generate point clouds.
The RMSE (Root Mean Square Error) of control points and check points for parallel
multi-baseline are 0.0066m and 0.0678m, and for panning and multi-baseline are 0.0016m
and 0.0425m. From the result of Terrestrial Laser Scanning, it shows that the RMSE of
control points and check points are millimeter. From the result of Terrestrial Laser Scanning,
it shows that the RMSE of control points and check points are 0.0376m and 0.0382m. From
the result of this research, the accuracy of close-range photogrammetry is slight higher than

the accuracy of Terrestrial Laser Scanning.

Keyword: non-metric camera, close-range photogrammetry, camera calibration, Terrestrial

Laser Scanning, panning.and multi-baseline ,point cloud.
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8L P G T o oz kA 8k (Principal Point, PP ) i 8L % 5 AR B4 Y w2 FEAE L (R BE

(Principal Distance ) » # jE& & PF i gEE 3 o

Y
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Ax = (14 par? + par)[ D1 (1?2 + 2X2) + 2D X | ---eeeeeeeeees (2-4)
Ay = (1 4 psr? + par®) [ 2p1XY + pa(r? + 2§%) -oeeeeeeeees (2-5)
Ax,Ay : %’p‘,‘uug%giziﬁ—;{‘_
P1, P2, P3, Pa  ©  HowE AL R

B RATR D RLEEH  FTERGRL AR LR XS w2 Bz &

Sx+Ax> 2 pydh™ w2 Bt £y + Ay Bt 2 B T 4T

(o]



Xe=X+6x+Ax =X+ E?+ (1 +psr? + purH)[p (2 + 2X2) + 2p,xy ] -- (2-6)

- — 5o 2 4 == 2 =2
Ye=Y+8y+Ay =y +y—+ (1 +psr + par®)[ 21Xy + p(r* + 2y°) | -+ (2-7)
X Ve BT e BRiRAS 2 BB R AL 12 Tk

. »

\ e == - / A
\ ; ===
1 F=—m=——-———- 1
\ Tl ! '
1 i y ! | I
\ i v ! | ]
I ! \ ! !

\ I i ! i !
v ! ! I
o [ ! ]

1 I | | l" |
I ! | I \ i

I 1 | |
: 1 I I 11 _|_ ]
I \ ! 1 i 1
i \ I 1 . |
i \ ! \ 3 ]
; "‘-,._L_____h_____d_,_.-—j ‘1. "-a,‘__‘ :
/ ! Tee—a |
\ e el
) e m e —— - \
La==" a "--ﬁ_.'-‘

(8) $HA45 4% L (b) A vd % L

B 2-3~ $Hfifgsta $ £ B i R 1 7 LB (4775 > 2008)

223 #3 4k

. (Element of Exterior Orientation) 3 £ & mF B EARFE P w3

ok 3 ]f'm

Pop B4R % 22 =% (Position) 7% iy (Attitude) 21 B 4dkciE o= By &
o ¢ FHERBRFERERP? c25 2 FLHE (Xo, Yo, Zo): = BE f ¥ ¢ &R
~% (X

PR ARz e E G4 (0,0, 0)° FIRBARBPE S =2F (F,%,Yp) % 3 =
Yo,Zo,w,0,k) (6> ¥ P2 A Ap S 4ER Y o O & Bha 2 = BLX MK 2 dof) 2-2

AT o

224 R &3 A

WcH P B BRI R Y w2 B T T % X A 47 3¢ (Collinearity Equations )
TREFPZAREER

kAo A R E L B IR 2 g



Gt s r X B 225 CHERKFEASP LA FARPFY w02 ifBhaczgx

Mo HEcE > g e

M1 (X4=Xo)+mq12 (Y 4—Yo)+mq3(Z4—Zp)

Ya ™M = _f Ma1(Xa—Xo)+maz(Ya—Yo)+masz(Za=2Zo) (2'8)
o ema(Xa=Xo)Amap(Ya-Yo)tmas(Za=Z9) ]
Ya yp B fm31(XA—X0)+m32(YA—Yo)+m33(ZA—Zo) (2 9)

Xa, Ya aghz Brifd ik
Xps Yp A RS
f ot B e
Xns Ya, Zn BLA 2 P Bk
Xo, Yo, Zo PR SN e AN - A
My1 ~ M3z L 3x3* g E L R2 A%
ox, oy Htg iy L2 e

R R LR AR 0,0k 2 Sk

myy My My3
R =] My Mpy Mg
Mmz1 ‘M3z Mgz3
mq1 = COSQ COSK
my, = — COSQ Sink
m13 SingD

CoSw Sink + sinw sing cosk
COSwW COSK — sinw sing sink
— sinw cos@

sinw sink — cosw sing cosk
sinw cosk + cosw sing sink

COSw COos

10



BohsEAA G G T e P2 B s ms s BB PR R o kR
ZIBRARZBREERLCRTRUA T T L Fir k2B FEFE ATHE
PRl KA AR FATER B FORE S h AL LB T
%% (Additional Parameters) 4c » 2 358 ¢ » U RLE AL 2 AT o #2222 Pk it
L S B R L E (O, 0y) Z e g Lr £ (AGAY) e r 2N
my1(Xa—Xo)+mi2(Y a—Yo)+my3(Z4—Zo)

Xg—Xp+0x+Ax = —f ——F——= L 2L o (2-10)

Mz (Xa—Xo)+m32(Y 4—Yo)+m33(Z4—2p)

Yo = Yo + 6}1 + Ay — _f M1 (Xa—Xo)+map (Ya—Yo)+ma3(Za—Zo) (2_11)

m31(Xa—Xo)+m32(Y 4—Yo)+m33(Z4—Zp)

225 ZEH g

ZBw 2 2 € (Space Intersection) #cH 38 £k A= 4258 5 A#H > 1% 2 MY
EfF R Lk A F o S L€ SRR ER D B LR R A S Ao 2-4 4T o
Bk W AR B S RZF IR REA P 2 B AR 2 H ok
AR EB g E Rz A BB R (XY, 2) w58 & Bciey 2503 (Digital

Terrain Model, DTM) » ] #* X 2 #cE A2 6 L ¢ 2 B2 RIEFT 25 7 F L4k o

Y

A

A

\ s
X
v
X

B

f,
/ Tz
o, o
1 4 2
z

B 2-4~ B HBRELEFLET LE (B iz 1997)
11



to- SR P (4ol 2-4 997 ) BRIE S R b 7 LR L 2 Z b
T 0 fe Op bRk m 8 P ABEL P e B B ABRA S 43 BBl i

o w5 (X, yl) f‘-" (X, yz) > Myjj=1~3:j=1~3 # = 37‘3&*’@;%@1 ~% > m’ij,i=1~3;j=1~3 &

R E L Ak o BB AT

B

4~

X — x M1 (Xa—Xo,)¥maa(Ya-Yo,)tmis(Za-2o,) (2-12)
1 p m31(Xa—X0,)+m32(Ya-Yo,)+ms3(Za—Zo,)
Vi —y, = —f m21(XA—X01)+m22(YA—Y01)+mz3(ZA—Z01) _____________ (2_13)
1 p m31(Xa—Xo,)+mz2(Ya—Yo,)+ms3(Za—Zo,)
+ 8

Xp— Xy = —f miyy(Xa—Xo,)+mr1z(Ya-Yo,)+mns(2a—20,) (2-14)

m’31(XA—XOZ)+m’32(YA—Y02)+m’33(ZA—ZOZ)

m121(XA—XOZ)+m122(YA—Y02)+m123(ZA—ZOZ)

Ve~ W= o e () T (2-15)

m’31(XA—X02)+m’32(YA—Y02)+m’33(ZA—ZOZ)

23 AP R

=~

\

YIE G OfE RS

LAkd#erik 2 2 455 @ (Epipolar Geometry) R IZ > A3EFRIE Y A

gﬁa

ForOrRp &7 e VKB

NN

o fied = MAEH [ b2 - A40F > R F G E T R4

Yol 2-5 S 0 2 LA PR BARRE Y o Ol Op 2 F AL ZEFY Sy T

=K

» #% ¥io (Epipolar Plane) o 4 BL¥t &2 4B a ~ag > =3 Fim & =~ + R T
®APRZ B R 0 L5 (Epipolar Lines) e & > k¥t =~ LML EHFEPR

s w5

£
P

(Conjugate Epipolar Lines) » = ¥ ik} a ¥ + %k if B ag = & # 8 >

WLPMRE LR o A FAREE Y 0,0 5 ik (Epipolar Axis) o 3 2 B¢ &

Brefigs- BRe o wha g £55 B BEGETa

>
i)
“k
(ﬁ
%
¥
E:D
&y
e
o
&
7&

W ERIGE SR SR N S8 FE SR [ A N S g

. o

Dh- AP o S RROF TGRS A p ke o

12



Epipolar
Plane
Left Image Rignt Image
Left Epipolar Line L Right Epipolar Line
iy dag
PPy PPr
B
(4]} Or

Bl 25 FT LR
2.4 R pe

Al PR £ ¢ 0 B4 e (Image Matching) 1% 82 B @2 4p M 351 > 12
BEEFEZATMGHEPTL LB - B L T R T AR R
1 7 e (Area-Based Matching ) ~ 47 fie ( Feature-Based Matching) 2z ;& & 7 fie (Hybrid
Matching) = #& (Wolf & Dewitt, 2000 ) o %3 7 e &3t 3 R if b @ e~ P R8> & 1Y
HEvd R PEART 2V - PRI EFARTY FHEPNERRE HF NG EE
FARG Y oA AR EAR AR > T4 B R A R R Bip R 2 ¢ i
AR R AR BT R P e BRI AR R RP R 2 SR
PR 2 BE~ 8~ o Fric 357 B RSB BB N T R R 2 AT R
#x (Point-based ) ~ #§ % ##c (Edge-based) % % ¥.4F#x (Segment-based) ¥ = ez » 4
HHEg B p S Tl T EELFEGERETRIGEIES R
R RSP LB LR A RS T e @ 55 5 8 (Wolf & Dewitt

2000 ) -

—HF O HRE TR 2 L T a2 (Normalized Cross Correlation, NCC) ~ #

13



= 3k 7 peix (Least Squares Matching, LSM ) % - 4#;% (2008) # % Lensphoto # %8 7
FZ TR TR AR T ARRE 0 A TR TR R B 2 TR -

PR B R A A AT o
241 B T ja ki

LT AphE2 (NCC) Eizsz  pM RIZEF 7 e SHF P EMRTE L
FARETPARED T2 AR BT 4pk %Bc (Cross Correlation Coefficient) # = —*Ff v G B
A s (& 5 > 2003) - WoIf & Dewitt (2000) 3P o B8 btz 2 ~ 2 B
BEPAR R <] (mxn) 2+ L5 ASBy Hiph A BEF LN f AR B2 E

/ig'ilj y =3 fi;“ 4T

i% Xjeq[(44j=4)(Bi;—B)]

SO~ \ ~ - ¢ i . (2-16)
ez 5]
co: MRk (l=c=1)
N SR S T
Aj,Bj ¢ FHEFIZ A AR E
A B : AHIGAAARTHEE
Bl 2-6 51 S AnR 2 HAnR Gl 7 B SRR 2R PR

Z_ Ig\m};\ s o EBRmxn B EF AT PARALE A s B2 g\ 2 )J-ﬁ*pv]@%;}_‘@

¥

DA BT E ARG WFRT R P RRT AR L2 SRR B R AREARE N D

P (216) —‘,Lﬁg_r » BT ARRE GlicaErd > H P B #E%[ﬁ&l‘é‘qﬁ‘;qﬁo i+ % o

PEAEAAM GEKEL IS c=1Fc=l AL RE TR FES B
Lol H-(noise) FH/EFZRAAM SR ZRT L ¥ RET- PHEE (H40:07)
TR G EARE P E AR S T e (Wolf & Dewitt, 2000) - 4 ¢ =0 % 77 7 fie Bh i~ &2

PEgLE AP F c=-l N AT R pAEREL AR 0 Bldo i I S f B2 TR o

14



Compute correlation
coefficient

= T Moving window
H / \ / suburray B
/

W

C

Target window
subarray A

Search window —

Bl 2-6 ~ NCC g2 ih™ ez v L. B (12 :xp Wolf & Dewitt, 2000 )

242 Bl = T peik

B = k7 peix (Ackermann,; 1983) 4 & 5 KPB-p AR T HHHFART P AR B
ARB 2 o HEiEGTREE  CBRERN CANPHAREEFTE ] F2T

L35 T

-\

£ X fr k2 =% ifv (Sub-pixel) #H A& e & 2 kT EAS FA A EE o -
fis &Y pigsf%)m 2 T g S PR L b P R T2 (LSML)> ¥ - f 5 f5 54 %7
B RRAE Y B2 o] 2 kT Az (LSM2) A% At 4 % LSM2 - LSM2 [ 4
AR GAREL R R E B B RPGEE P RS
TR FURBREZ FRERTE S A2 B PR T RS REL

HERESPGERTEE P VS LPHOTHEE o

Bl2-7 5 2+ B GR2ZBwR01 LW W7 CERLPRE PRI RHLE
#7, ABCD> @ #F 7P = S 8 S0 WP B4 B2 FHMRT » W 5 2 B 2 875
aibicidy > + Bz E R v 5 aphyCody o B 2-8 5 LSM2 Bl5F 0 B AR & Mo g 4B
fo BAEFART Y A m AR T ARFART Y E L BAAERAREAF 0 LSRR

A2t JI* ol 2 REREBE R iz S ThogE B I o
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St

\ S5
\
\ /4
d 1 dy / 7 fes
7
a2 / m!
a]_ \ 1 /I 7 b‘)
” _ /!
D\'- =7
I
!
I
] ———
!
A T m’

@27 ‘—"‘E;’f%”‘ﬁ&};@%qj g] ‘:-‘;}ﬁ 1”3%5’1 Z_ ’ ,. %mﬁalé__@
T (13

(47 & » 2008) ¢z p Schenk, 1999 )

Gy, yp) EF P ARRE GRA k2 AR Bk Gy(x, y) HAEFART
B2 AR B8 fI* 7 stiEd (Affine Transformation) % #5 it P 4R T 2 HF R T

T T EE CNE T

Gl(xi: yj) =Ry + Ry Gy (x], y;) weeerermesanesanenanes (2-17)
xl" =qg + aqX; + azyj ............................... (2-18)
yj’ = bo + b1xi + bzyj """""""""""""""" (2'19)

(2-18) ¥ (2:19) ey (2-17) F v 4o
a a a 1
0 1 2
Gi(xi ) = ha + 6oy, bz][xi])
= h1 + hZGZ(xi Vi ,A) ............................... (2_20)
a, a; a L o .
g0 a=[0 0t e bohy B S B R G, y554) R

(X, yj) S A PHEHRLETHBIEFRAT Z G AR E N FHARETH S8 h, !
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B4l BEWLSAES (221) $8 G2 Gy A Ao RN E N kA

£ (Residual ) &2 -

F = AG(xl-,yj) + v(xi,y]-) =h; + hZGZ(xl-, Vi ;A) — Gl(xi, yj) ----- (2-21)

#(2:21) ¢ A A R4

AG(xi»Yj) = Gz(xi'; Yj’) - Gl(xir Yj) = 10x;, yj) woeeeemeeeeeeeees (2-22)

v(xl. ,y]) =n, (xi,’ y],) — nl(xi , y]) ................................... (2_23)

29 malE AG(x,y;) SHFRTEPHRRTAAHBGRA2 AR L E el ik
V(x;, y;) S30FRG 20 AR T 2B L & - F5% (221) 5 22mPs 258 > #%F
¥thi~hy~a~a~ay~by b 3 by N ASrHcE s 3 MRS > P ik ] - ki

TRLI T

2.5 Lensphoto #ic 1 &2 % i 2 |H 3 ;&

Lensphoto #iAfdue 2 B ihi B> N F oM - AL TF S AREE V-4
R AR EE oA F T ARV LA RN TN g2 LRI P

AN

§ 0 o

P

ZAGZFAE B2 v SRl (SRR ekl - F T X Rme

2 ¢ (7% > 2008)

BRETIAEPREY > AR LEREECAPBEAT R B
B 5 g ]l o ERAP AR ] o T R AL E R N AR ¢ R
Mz L g b A ERTEHA S R EEPLGAEMERES F 02Nl L gk
PrHAL & e BHA - LY 6 L AARE 15 RFF P ré»mﬁﬁv'”ﬁj*

B FEE (FRALRS > 2007 )0 AT G T fRAR MR Z B A BT RGO G THEY S

TSNS T7p
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251 L7 % AREL

PR LIRS o R R E P Rd 2 e B TR Ao 2-9 47
T 0 S1~Sn ARG N 0O i F BEBETHE L RPGLJP L 0 L BHE
PRAF G T 72 L3 PP %45 o & Lensphoto V2.0 Hf 17+ p #73f > 4p ZRFER =97

PEPGL - EFFE80% P B BET CE3B UL g PE DN E o

PR

Sn

Bl 29T 5 AREE T 2B (F:%, 2008)

252 %4& 5 AW £ B
W S A g B AEAeT (F95F 0 2008)

(1) RHEpEFTRZ PPHF2 20 REFF > BRI 240 L5+ T

F (Strips) > 2 & & 1A hiEF F L 60% b £ R 0 URE R EF G RS el B o

(2) 1R IEHA R AL R 2 s B 0o A ASHER 2 B BT e SE R
N IEAE e 20% 0 U R AP SRR B G e § A @20 1070 BT B TR
bR R sk R RE R 4 S HER IERLN 550 1R E ) T d % 2§ &
B 130" AR G (2§ AARS > AUES o B AR Y R ach AL

MeF AR LT 30 S RETLA § & FAM R § &5 107 pEEER AR
18



B 30 FN BB BEIT 3B )

3)

(4)

AR EIER K I A B > IEPFEESRP LIRS JIF2 % o

G BRI SRS S E R S RS - A i F R

Bl 2-10 ¥ > #HEP 4 4kdlA 5 5 BIEF > £uE 4 B 5 BHEE AR

WS EP G2 d B0 ¢ ML AR B2 EF A2 S PR S-S, AR

B EMIEPER PR OKT AEGIETE > BRE T S B EF N RN G

¢

S1

A
W%

X0
G

W

B

2 S3

(1

4

____________

B 2-10 ~ g 5 A2 ¢ P LW (47%, 2008)
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=% pPRifEEdFE

t

=L
NS

B LR RIMARWER 2 P FERIERET N Rk TR
EREARB T E B2 JPRIEHM T EP LR AP LD N ERIERAE I A

FLIEFZFIFEDREFTYHH > TR AEAF LS 2 JIEL SR B T o

31 FHRFTRE A

311 FHER kA

O SEF PRI AR ER RS R AR RE LRI H R Ap i
Nikon D80 # 7= Nikon AF Nikkor 28mm /2.8 = & 4 ef:& 7p it ¥ » £ 3-1~ £ 3-2 &~

S5 AR ST AR LA TR ¢

2 31~ Btz B AR A

ik #c i ¥ % 4p $% Nikon D80
#1020 % »< % % ° Nikon DX format CCD

kS

BB E <] | 23.6x15.8mm
3872 x 2592 pixels (L)
Foifes 2896 x 1944 pixels (M)
1936 x 1296 pixels (S)
ISO g £ & | Auto, 100 ~ 1600, up to 3200

5 S 0.006 mm

B-Fid & | 30~1/4000 #

iR TH/pEHE

R NEF (RAW), JPEG

20



32~ TEAEFRZAPM AR A

SB35 Nikon AF Nikkor 28mm /2.8
B |k E] f 22
¥ E R 25 cm ~ ©

B ERWF 156

312 R &AL

TREPR BT L AREPBF N AT ER: PERETRELRER
2 Hx Ak 12007 &4 £+ EOS = & #r @ 2. PhotoModeler V6 > 2006 & ;&
Photometrix = & #74F % 2_ iWitness V1.2.3 > 2 2006 & 7\ ~ EE P2 & 7 & (T8
# 2. Lensphoto V2.0 » 45 b i #ici AR 2 4RER > A W GRSk S EFpEITE 0
PR TAR S 2 A S Lg% 0 F R R AR Rl Ac ] 3-1 47 o AF iR
Voo p R R G BB L 349 A (3872 x 2592 pixels ) ALEE k B 2L B m (F22)
Hte B R pHR g B s 60 e S S TR T A R-BLE $ KRR

FIRBR (o) AipFEERY S pPTE R R > WL L REFEIRGST

RS LR
T % B

4

R

4

- e

T
Bt g

B 3-1~ o485 LF SR AZR]
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32 W F TALR

NS
bt
oy
Gy

s
It
i
&

T B #EF2 P £ #c48 © PhotoModeler ~ iWitness %2 Lensphoto :& {7 4p #

FR ABWE G A F U RS F SRS 0 A W L A g

3.2.1 PhotoModeler
v R %5

PhotoModeler $x %87 p & i* R Ap 8 5 2> SEHM 7 S AARRE 25 Uk -
S#E210cmy ¥ - £ 9144 emo B 32 F A fER 2 F Rk o B B R F a RS
MR F L KT FIBLEFER SR S A 0 fE 21.0 om hF 45 100 B 2k 0 if
£ OLAdem en A4 144 BE R 5 4 BISHlE A u 0k R4 B AT boB]
32 AR ATT o kiSRS B AR T TIET AR T AR F AR

FARE R o

e o o o o o o o o o :' . F
. ‘:l e o o o o o (o‘ .
oo ° ° ° () L] {o’ °
e o o o o o o o o o - (.’

] 3-2 ~ PhotoModeler & 4% > = 5 21.0cm > + 5 91.44 cm
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ESE 1% 3

o RS 4R dpdE- 2R 21.0 cm #74p 7 enR2 it setl £ 51 > 91.44 cm
R fIrset2 27 c B33 FpHECETAR AP F A HRN4BES L4 3
ERGo AL k1 90 Raggipi e f 90 R AR L4 k0 Flut kg 12

R A R R S ik

Bl 3-4 2 dp Foif PR dpri® o P I 00 RREAR S EF R T
f.90 A EdgAnHdp 7R Moo WOREIE TS RAIE P > CUH| S TR o Sin E R e
80% - 4p #E setl B ffoz & % ARid ¥ § 1 5 90% > set2 B oz F 2 ibim F#F 5 92% ° 47

B setl B ifrs o BRI GATI ~ EH T set2 13 -

s 4p AAAS 1 00 | AP iR 007 dp 4R

..........

..............................
..........
..........
..........

B 3-3 ~ 34 #% PhotoModeler & A& ¥ i~ % = X, B
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setl

set2

FARIE E %

% PhotoModeler 4p ¥4 & %@ > B ik fleer Snlici@ * 7 B S8 0 ¢ TR K13

B e tlfod Brfgde Sk THEYHRL o B F A fds Y5

= %P 2 = 4#c (Camerainterior orientation) @ f, Xy, Yp
= 5 Stvd % X % #c (Radial distortion parameters ) : Ky, K

= gpend L e (Decentring distortion parameters) @ Py, Py
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GRS AT L

X = X = Xprrreeeiiieee s (3-1)
Y =Y = Pprrreeis s (3-2)
R (3-3)
drb = — = Ki7? + Kor™® o (3-4)
Ar = K113 + KT e, (3-5)
Xc =X+ Pl(r +2x2)+2P2xy ............................... (3-6)
Ve =V + T+ P (r2 425" ) 4 2PL XY e (3-7)
A

X,y &l d Bhindh 2 ook
X,yoi Ewle @z s
Xp, Yo - 15;1 B AR
rof fBER i BR2 ff STEEAR
dr & HEREHEEWE L
Xe Ve | PR fsa (fmRifd i

edp R iR T p B R R Sl T B 35 5 M AT K TR

G BREE v I T LFHLITTERIFR TR A L FRATET R

R
a1

St

%

Y
Jer

HRAR B ok o RFR LA A H b FRjRE R

44}
=k

L2 4 7 & A
FHREER 2 AN FAfRE o FRGY P4 BirdlEs 2P - BaRE IR 2%

B A S~ f32E 0 dosetl #EL2 48 81 B 3-5 2 =f=irT o
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BY PhotoModeler Trial: 100302A4nosetl pmr

$ S L2000

setl

| [ [elct] Click on an ftem © select i and 1 perfomm various acbons or view iformation.
| Mox wesiual 093, p21 photo3

MBI (5 0\ S DO 0 RPTE 4.
-Bwe Q-8 8 |

set2

| [ [Selct] Click on s it © seect i and 1 perfomm vesous ackons or view information.

[

] 3-5 ~ 12 PhotoModeler & {7

B 36 % F 2L - & 33 5 Fe st a (Precision) 2. 12 o p 3 i» S

(f, %p,Yp):setl 5 30.638 mm ~ 0.046 mm ~ 0.124 mm > set2 5 29.598 mm ~ 0.043 mm -~

A

0011 mm: B & e p = = S @2 F g fs B X P 1.04 mm > A 333 o > %R
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Bz & # % (Deviation) : setl = 0.007 mm ~ 0.006 mm ~ 0.006 mm - set2 % 0.001 mm -
0.001 mm ~ 0.001 mm > &7+ set2 ik X fisetl -] » F £ 91.44 cm F ke T i

S 21.0cm F R HAE B -

M Project Status Report e @@

= Information from most recent processing ~
Last Processing Attempt: Tus Mar 02 16:26:01 2010
PhotoModeler Version: 6.2.2.596 - final,trial

I Project Status Report ‘; @@

= Information from most recent processing ~
Last Processing Atierpt: Tue Mar 02 20:01:09 2010
PhotoModeler Version: 6.2.2.596 - finsltrial

Status: successful Status: successful
«  Processing Options % Processing Options
% Total Enor 4 Total Eror
= Precisions / Standand Deviations = Precisions / Standard Deviations
= Camera Calibration Standard Deviations = Camera Calibration Stenderd Deviations
= Cameral: NIKON D80 [28.00] = Cameral: NIKON D80 [28.00]
= Focslle = Focal Le;

ngth
Value: 30.638341 mm

ngth
Value: 20.598338 mm

Deviation: Focal: 0.007 mm Deviation: Focal: 0.001 mm
= Xp - principal point x = Xp - principal point x
Value: 12.035248 mm Valve: 12.042101 mm
Deviation: Xp: 0.006 mm Deviation: Xp: 0.001 mm
- prineipal point y = ¥p - principal point y
Value: 8.156821 mm Valve: 8.144297 mm.
Deviation: ¥p: 0.006 mm Deviation: ¥p: 0.001 mm
= Fw - format width = Fw - format width
Value: 23977735 mm Value: 23.998971 mm
Deviation: Fw: 0.001 mm Deviation: Fu: 3 4e-004 mm

g

o

= Fh- format height < Fh- format height
Value: 16066116 mm Valve: 16.066116 mm
= K1 - radial distortion 1 = K1 - radial distortion |

Value: 1.404e-004 Value: 1.481e-004

Deviation: K1: 9 6e-007 Deviation: K1: 3.2¢-007
= K2 - radial distortion 2 = K2 - redial distortion 2

Value: -1.238¢-007 Value: -1.427e-007

Deviation: K2: 3 8¢-009 Deviation: K2: 1.2¢-009

= K3 - radial distortion 3 = K3 - radial distortion 3
Value: 0.000e+000 Valve: 0.000e+000

= P1 - decentering distortion 1 = P1 - decentering distortion 1
Value: 2.228¢-005 Value: 2.696e-005
Deviation: P1: 1.4e-006 Deviation: P1: 3.2¢-007

P2 - decentering distortion 2 = P2 - decentering distortion 2

Value: -1.630e-005 Value: -1 900e-005
Deviation: P2: 1.5¢-006 v Deviation: P2: 3.5¢-007 v

Close Wiite to text file... | | Help J Close Wiite to test file... | | Help
Setl Set2
B 3-6 » PhotoModeler #p #% & % 3¢ 2

% 3-3 ~ PhotoModeler & %_%-#c% # & 2. £ 12

118 Sk setl i set?2 e

f (mm) 30.6383 0.007 29.5983 0.001

Xp (Mm) 0.0464 0.006 0.0426 0.001

0.1238 0.006 0.0112 0.001

Yp (Mm)

Ky 1.404x10" | 9.6x107 | 1.481x10™ | 3.2x10”

K, -1.238x107 | 3.8x10° | -1.427x107 | 1.2x10?°

P, 2.228x10° | 1.4x10° | 2.696x10° | 3.2x107

P, -1.630x10° | 1.5x10° | -1.900x10° | 3.5x107
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3.2.2 iWitness

e
AR S iWitness B R R OF TR R AP B X OB F R s g 12 B Ko
AR 2 A LAWY P RIS TT A5 BRI £ G 60 BF AL

FEEA [ A0l B 8 kehicd R4 & S enlBLgEd B2 A d 40k > e b 22 4
2 %

‘\’]‘F_LEEJFIQ&F“_H‘LLNW ’]ﬁ,‘%}i’%ﬂé? %—12 " ’F‘-:ﬁ ﬁ%%}; 13 a;?_! ¢ X ‘: r’g‘/] 10 =
iR o BT 10 P EF RN BTG o Aol 3-7 2 it and B e
i -

® &
9 9. ® o o
. ®

B 3-7 ~ iWitness & T 1% % # 5k 3 # %

28



kT g

2R dp S B (2 set3 setd £ 7 ) Ap RS B aEAEY EATICAP IS ELER o
BEFTRFER > (4BE2 ABHEES ) P4 T AR%RIr BH LR v
I~ 90 B ddp s ik £ 4019 18R B B 3-8 2§ S HhESF TRAEE

B 3-9 3 dp o 19 ch i o

B 3-8 ~ Jp 4% iWitness F =2 72> 8 > = 5 set3» + 5 setd
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© Witaess - Untitled
Ele Edit Phovgmmmety Window Help
DFW k@ c]

wer| B | 30 Yy rrr Y, FRFrr Ty e ETrrrErae k[ P rFr T e X[ Py s i)

A IS .
. Epmm
‘Camera: NIKON CORPORAT . . . -

NIKON D80 (unique 10: def:
Tpmw

.
EEER (j'vvvnnn
Epmw

1: DSC_0271.%G

set3

4: DSC_0274.9G

.
m, uH
L)

5: DSC_0275. %G

v
< > 3
15331 y25020 Zoom: 51%(1:20)

© iWitness - Untitled

Ele Efit Phobgammety Window Help
D@ k(i

(e ] | 30|

Cameras NIKON CORPORAT
NIKON D80 (unique 10: def

T FFFFFFrrrFelElx; [Jrrrrrrrry (@& PFFFFrFrra

o EB
.
B EAER
Set4 2056529176

’. mﬁg

SIS N
‘oe o’
e | mEm® | %000

mm@n 0‘0

muss LI - |
L LU

o -
4-;_&}93’6 C|vvvvvvvvv]dl

35772525920 Zoom: 51%(1:20)

NN

@] 3-9 ~ 3p 4% iWitness & T &2 B2 ij

FE L B

Witness 5 8 48 50 HF o e d Sifici * 10 B 24K 8 0 R A3 B
T RBt o F T B R ATHEPVEL o H e Rl uE
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= AP 2 = %8k (Camerainterior orientation) : f, X, Yp
»  §g S % £ ¥ (Radial distortion parameters ) : Ky, Ky, Ks
= i % X %8k (Decentring distortion parameters ) : Py, P,

= Gt~ 2R 2 28 (Affinity, non-orthogonality parameters ) : By, B,

AP B 305005 0 5 (3-1) ~ 55 (3-2) #5V(3-3) 7 v A g SiE S B A (dr) 2 T 1 2 ek

sk ’]‘%(Xc ) YC)’Q‘T'—T :

dr = Kir3 + Kor® + K377 e, (3-8)
xC=E+E Pl(r +2x)+2P2xy+le+B2y ................... (3-9)
Ve =V +T AP (r2 425 ) 4 2P XY ot (3-10)
A

X,y ot Rl B 2 TRl iR
re . B lzgl—'_ BL2_ g BPEEHE
dr @ HFEHEESRL
Xe.Yo o RS2 gk R

g S R - B R R B B R R Sk 2 W 310 5 BRI
R GE R T B D GBTERI R 0 % B GBI AR 0 2 25 NME R
WL T o d DL TR LR £ 7 R GBS B 0 AR L
S E B T BRI T T A AR S R T E BT X, Yo, Ky, Ko,

Kso g #-RAFK A LN 5H (P, Py, By, B) P {7 s FAWIIZFEF Lg% o

31



set3

set4

Ele Edt Phobgammety Window Help
D@ W Lo i WE

Camera: NIKON CORPORAT
NIKON 080 (unique 1D: def:

1:D5C_0271. 36

planar =

[ FFFFFFFRF oo x|

110051 445214 (18p)\setd iwp

mw @
L@IQ\: E,‘vvvr

<

X12383y197 Zoom 51%(:20) [RGB-215216216) Cobumess 3 ProjctRMS:02 pisls Geometry qual

FrEFFFFFYF

Ee Eft Dobgommety Winlow Help
D@ W b il

EN I

Camera: NIKON CORPORAT
NIKON D80 (unique ID: defi
I ]
Epmm
EEER
LI1])

1: DSC_0290, %G

<, 0

PO

L XONE
% @
CN

3: DSC_0092. G

4: DSC_0293.9G

e
N TTT

5: DSC_0294, G

A ——
v
>

e snais]

FEFFRREE X[

e V1005144015 (18p)\se15 iwp

myw @

Ejvvvvv'vriﬁ;[g]@;Cvrv'vrvrvm

oMl ©

[lrrrrrrrrr;

C\vr'vvv"'g

xmnymn Zoom 1000%(1:1) [ROB:174171162) Coloumess'8 ProjectRMS 04 pisls Geometry quskit

i |

[ |FFFFFrFrFrrssx: [_]rvvvvvvvv"jm{)(l

# 3-10 ~

Bl 3-11 &4 5 2%

2 iWitness & {7

e

FokgET L2 H g

32

- ) S AR EN D

ﬁtglé ﬁi*%;W?

RIS

A tset3 5 0.22 pixels-setd 5 0.42 pixels -

3-4> > = 23 (f, %, yp)iset3 5 29.051 mm~0.064 mm ~



JEX 8 % 0.011 mm -

Update calibration for NIKON D80?

Quality of Self Calibration: |1.0

Estimated internal accuracy of Referencing:

0.22 pixels

Poor self calibration results; consider adding more
referenced points and images to provide stronger
intersection angles and more roll angle diversity.

Update camera and database?

-0.139 mm - set4 % 29.062 mm ~ 0.049 mm ~ -0.159 mm > H & e p 3 > ffk2

Update calibration for NIKON D80?

Parameter I Previous I New [ Parameter I Previous I MNew [
Focallength ~ 29.044mm  29.051mm Focallength  29.067mm  29.062mm
Xp 0.121mm 0.064mm xp 0.118mm 0.049mm
vp -0.164mm -0.139mm Yp -0.152mm -0.159mm
K1 1.419-004  1.414e-004 K1 1.382e-004  1.373e-004
K2 2.464e-008 2.622e-008 K2 2.223e-008  3.549%e-008
K3 -6.694e-010 -6.729e-010 K3 -5.378e-010 -5,863e-010
P1 0.000e+000  1.958e-005 P1 0.000e+000  2,343e-005
P2 0.000e+000 -8.268e-006 Pz 0.000e+000  3.057e-006
B1 0.000e+000  7.659e-006 B1 0.000e+000 -1.049e-004
B2 0.000e+000  1.098e-004 B2 0.000e+000  S5.504e-005
Results Results

Quality of Self Calibration: {1.0

Estimated internal accuracy of Referencing:

IEI.427 pixels

Poor self calibration results; consider adding more
referenced points and images to provide stronger
intersection angles and more roll angle diversity.

Update camera and database?

set3

B 3-11 ~ iWitness % #cF T % %2 %

# 3-4 ~ iWitness & = % ficz @

Ap s S dkc set3 setd
f (mm) 29.0508 29.0621
X, (Mm) 0.0643 0.0491
Yp (Mm) -0.1389 -0.1587
Ky 1.414x10™ 1.373x10*
K, 2.622x10°% 3.549x10°
Ks -6.729x10710 -5.863x1071°
P, 1.958x107° 2.343x107
P, -8.269x10°® 3.057x10°®
B, 7.659x10° -1.049x10™
B, 1.098x10™ 5.504x107
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3.2.3 Lensphoto

e

PCERE T R R AR B ) SRR R R R AR S g IV E R

TR H Y E (LCD) 27 T 5 $HREEA |G Bl d W5E - B TSR o AP R
BB R T4 b

LEBEE /L3 mm 2 FEE12 mm s £ 5 567 B BER

19 w4 7 5% & ¥ $(30.4cm x 37.9cm ) 7+ T G gl -H ¥

R &SR o B 312 (a) R
~27 {7 < B 3-12 (b) # LCD *7 7 eh-T

CEF AR RBY S 24 o B d R EP A o F 312

CERHIL 0120 5t AR T R

En];}i@?l]é; 21 71~ ﬁ.}k—’]‘*%&,’l‘f" '-—‘—-L*%l‘ﬂ _[i."};

Z BIAIBEG: 2N %
(C) ,1 %"{1@9&1\
i)llﬁﬁ_ °
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Calibration Parameters Setting

Plane Grid

Calibration Type:

[43

12 mm  Dismeter: |3

Paper Type:

o

Interval:

—

Cols:

f—

Rows:

Cancel

Ok

Import ... |

SIS

# A4 - CalibrationGrid

(a)

(b)

b

TARLF

B 3-12 ~ &~ F %t * Lensphoto z_ &4 » (a) % 2%

(b)= & Pt (C)F T A= ®fairtlgt

3

28
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7T

L dpHER: o0 4o 3-13 ¢ ehk 454z (S1~S5) ¥

> B
— B

*LCD wiv e 5 B 7 fe e
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e
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L
BBy PIE BHEPET S - BB AT AT BB I ORP G B

¥

T

1 F BRI AoB 3-13 g A i 2 HEil~9 -

1A
=R

b

n
hadly- |

&30 A hidgeh? i
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| 47 SR PR, W
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| | %
| U
1
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//'
- 2 3
RS B AT CETTTEETTTRET R R ey XYY

S4

] 3-13 ~ 45 3% Lensphoto =

ARRLIVRR A

S1

|
———— - - -
|
|
|
|

Whtase

=

R e B

RN RN SN

! 6
|
|
,_41!8 ERERERY - . —— -
I
-4 ';-- ' .\\ I
‘\‘:\._‘__h__ I

Y N N N e s 4

i)

s

7

afeceecennaas -

AT RIS e TPt ) sethsetb A f o0 B B dp B AR T BLEg A AT o

B 3-14 - B 3-15 5 3p #4717

LR G e 9%F

fi» & LCD & # =

F= s 4}

41

R kA O E R G T BHER N S4B AB R G RS WP R SR IEE

ILCD P R B % AR B 6 AR BT RS TR R S B DR L
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1 — ““n —

®] 3-14 ~ 4p 4% Lensphoto & % &2 8% if % seth
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®] 3-15 ~ 45 4% Lensphoto & &2 B i % set6

FRAIE B

Lensphoto % 4p 4% & %_#7i¢ * chiddce? 4p M 3 #75% fo PhotoModeler p e o H 5 -

\\\Xr

Bes

= e8P = %% (Camerainterior orientation) : f, Xy, Yp

- hspeRi

\\\?’;r

#c (Radial distortion parameters ) : Kz , K»

19

o g 2 X %8 (Decentring distortion parameters ) : Py, P»

Ak
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A

e #9645 56 F RRR R~ Y R L A R W35 B

{62 i

hy TP G T o BF ARART (R d) MEFs U EE g s R

%%ﬁa}? ° rﬁ_] 3‘16 4 “ﬁn%f-_,aﬁ b Eﬁ?yziﬁué;g/’/f‘g\;d%\ ’ ‘_pifi.C ;; fv% T t“'i‘éﬁ

! 06221223 cmrprj - CamCalibration

File(E) View(¥) Help(H)
DEE E88 | HrQQARQ Q[ [+ M K[ 1 mw

Control Panel v X

a = B Omage List] -~

5 DsC_0254 jpg " .
5| DSC_0183 jpg DSC_0254 jpg
% DSC_0184jpg.
% DSC_0185jpg.

{%| DSC_0186.jpg. he | ]
%] DSC_0187jpg. |

| Dsc_n1ssipez
| Dsc_n189.pe
% DSC_0190.jpg.
% DSC_0192pg
% DSC_0215jpg.
%] DSC_0216 jpg.
¥ DsC_0217jpe.
| Dsc_n218.pe
% DSC_0219pg.
% DSC_0220pg
% DSC_0221 jpg.
% DSC_0222pg.
5| DSC_0223jpg
| DsC_n225pe
| DsC_n226 jpe
% DSC_0227jpg.
% DSC_0228jpg.
%] DSC_0229jpg.
%] DSC_0230jpg.
| Dsc_n231jpe
| Dsc_n2324pe
% DSC_02334pg
% DSC_0235.jpg.
%] DSC_0236 jpg.
%] DSC_0237jpg.
| Dsc_n239.pz
| Dsc_n240,pe
% DSC_0241 jpg.
% DSC_0242jpg.
% DSC_0243jpg.
%] DSC_0244 jpg.
| DsC_n246.jpz
| DsC_247jpe
% DSC_0248.jpg.
% DSC_0249jpg.
%] DSC_0250 jpg.
%] DSC_0251 jpg.
¥ DsC_0252jpg
P psc_ms3jpz o

¥ Control Panel

OutPut v ax

4 Adjustment Precision | Adjustmetn Process | Photo Parameters | Camera Paramers | Space Points 3

@] 3-16 ~ Lensphoto 3% T4 %
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06221223 cmrprj - CamCalibration

File(E) View(¥) Help(H)
DEH EH9#E HArNQRQAQRAGOB[HEM K| mm

Control Panel v ax -

= B Omage List] -~
5 DsC_0254.jpg
2 DSC_0183.jpg
| Dsc_n1s4.pz
| Dsc_n18spe
% DSC_0186.jpg.
% DSC_0187jpg.
% DSC_0188.jpg.
%] DSC_0189 jpg.
%] DSC_0190jpg. @
| Dsc_n192jpz
| Dsc_n215pe
% DSC_0216.jpg.
% DSC_0217jpg.
% DSC_0218jpg.
% DSC_0219jpg.
%] DSC_0220jpg.
| DsC_n221jpe
| Dsc_n222jpe
% DSC_0223jpg.
% DSC_0225pg.
%] DSC_0226 jpg.
% DSC_0227jpg.
% DSC_0228jpg.
| DsC_n229.pz
| DsC_n230jpe
¥ DsC_n231 jpe
% DSC_02324pg
% DSC_02334pg
% DSC_0235jpg.
%] DSC_0236 jpg.
%] DSC_0237jpg.
| Dsc_n239.pe
| Dsc_n240,pe
% DSC_0241 jpg.
% DSC_0242pg.
% DSC_0243pg.
%] DSC_0244 jpg.
%] DSC_0246 jpg.
| DsC_247jpe
| Dsc_n24g.pe
% DSC_0249jpg.
%] DSC_0250.jpg.
%] DSC_0251 jpg.
% DSC_0252jpg.
5 Dsc_0253jpg

$990990000090s
9999558008044
$0s009000000s
9898995059045 4
P88509000008888
T8 8805880800
2958558000084
2850500005880
2980895588089
sS850 9808008
S58s808905808
s9828088950800
ss80008958000
s800858558888
8858888800080
2085309000508

MY EYE R R R I R
Y EEEEEEEEEEE R R R
Y EEEEE R EEEEE R E R EE RS
P B 000000020080000
2000000008000 000000
P T R E E R R

“o9
LT
5899
8895
L
s 98
LR R
589
R
L Y
s88 2
2698
es 98
8899
LR R
s999
L
28489
080
898
2089

4 Control Panel

OutPut
[
4 Adjustment Precision | Adjustmetn Process | Photo Parameters | Camera Paramers | Space Points

( ] NUM

] 3-17 ~ 34 Lensphoto & {7 7 & Bl % %

o

il

55 S ' 2 4 I\ S B £ gy L ,,/1
B) 3-18 ;ﬁgﬂ%“é’-% » FlFRE K Ky v PPy 2o it  ER R A2 RIS

Y

#-H AT o2 S8t A 350 3 Sl (F, Xp, Yp) i seth & 28.713 mm ~ 0.008 mm ~ -0.130
mm » set6 7 28.815 mm ~ 0.073 mm ~-0.136 mm > H & e p > = @2 F g fs EFEAL R
#0102 mmeo p = =2 % L Dsetl 4 1.080x10° mm - 2.790x10° mm -~ 2.806x10° mm >
set2 % 9.055x10° mm ~ 2.340x10° mm ~ 2.354x10° mm > & = Sl T L k2 H A LB

=

ZER

40



Camera Type: 1"3\”':‘71‘ | Camera Type: |neowr |
t= (287133 A= [000815948 yo= [0.13016 = 288145 A= [00731933 yo=  [-0135661
kl= fﬁm K= [1.5775548146 pl= ]4.852319333‘ Kkl = |.7ZD72452422 K2= [2360274e—007 pl= 1—2.575907390!
p2- [T4500151728  gg- [0 i | p2= [28512386-005 = [0 AR
Height= |0 Width= | cmd = [0000 Height= | Width= | cmd = (0000
PixelSize=  [0006 pup [~ Multiple Camerss M‘ Application PoelSize=  [0006 pun [ Multiple Camerss M Application
setb set6
B) 3-18 ~ Lensphoto % #c ¥ T 5% % 2 L7
# 3-5 ~ Lensphoto F = %-#c2. F12
iR S set5 o set6 L
f(mm) | 287134 | 1.080x10° | 28.8145 | 9.055x10°
Xo(mm) | 0.0082° [2.7907x10° | 0.0732 | 2.340x10°
yp(mm) | -0.1302 | 2.806x10° | -0.1357 | 2.354x10°
Ky 1.456x10* | 4.109x10° | 1.485x10* | 3.416x10°
Ko, -1.678x107" | 3.506x10™" | -1.793x107 | 2.901x10M
P, 4.852x10° | 1.548x10° | 2.676x10° | 1.291x10®
P, -1.454x10° | 2.457x10® | -1.778x10° | 2.043x10®

33 %> FB LT

V]

Jit

B S TR R AP 2 ) 2 Sl B % AP B ELER B AL

F3 o TN FEE S FEZ B 50 L - R 2 AP S 2 AR TE I R o

331 p 2 rgEF ey

AAPYS S wpE > H TR % et de 8k H & 4P 0 PhotoModeler ¥2 Lensphoto % st

o e Sl MR AE R AL S K Ko 2 e L S Py Py R

,—

Tt ;™

%

R/
41
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26t 5 8By By HEEFRD o 2 B HPN D RS TSR L 36

H ¢ PhotoModeler # 8 Z-setl i¢ * 21.0 cm & Z_ & & 2_{4 ¢

set2 # * 91.44 cm F T_i%

A

)

X5 433333 L

7

-

%

4

7

"

t §E(f) % 30.6383 mm ;

F RS hE RS 295983 mm o A e F sz F RS EEpEL R

Bl £ grrmat 4 3.7 29 iWitness #c88 & 4%

B 2o RS et aniR L F) set3 £2 setd LG #cdy o vt - PhotoModeler %

e

Lensphoto i 48 s = i+ S8 F ¥ % % > Lensphoto st el & X ) » HAERF -

%36 LeFEz ) i lkF LS
bR A PhotoModeler iWitness Lensphoto
B setl set2 set3 setd set5 set6
f(mm) | 30.6383 29.5983 29.0508 29.0621 28.7134 28.8145
X, (mm) | 0.0464 0.0426 0.0643 0.0491 0.0082 0.0732
yp(mm) | 0.1238 0.0112 -0.1389 -0.1587 -0.1302 -0.1357
N Ki | 1.404x10" | 1.481x10™ | 1.414x10" | 1.373x10™ | 1.456x10™ | 1.485x10™
f K, -1.238x107 | -1.427x107 | 2.622x10® | 3.549x10® | -1.678x107 | -1.793x107
Z Ks ——— — =~ | -6.729x10™ | -5.863x10™° | ——— ———
#e P, 2.228x10™ | 2.696x10™ | 1.958x10° | 2.343x10™ | 4.852x10° | 2.676x10”
P, -1.630x10" | -1.900x10° | -8.269x10° | 3.057x10° | -1.454x10" | -1.778x10°
B. —— —— 7.659x10° | -1.049x10* | —— —
B, —— —— 1.098x10" | 5.504x10° —— ———
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237 2 oW ) iR L
S |y R PhotoModeler iWitness Lensphoto
B v X setl set2 set3 set4 sets set6
f (mm) 0.007 0.001 ——— ——— | 1.080x10° | 9.055x10°
X, (Mm) 0.006 0.001 ——— ——— 2.790x10° | 2.340x10°
| Yp(mm) 0.006 0.001 ——— ——— 2.806x10° | 2.354x10°
f Ky 9.6x10” 3.2x10” ——— ——— 4.109x10° | 3.416x107
;: K, 3.8x10° 1.2x10° ——— ——— | 3.506x10™ | 2.901x10™
# Ks — _ _ — — —
;; P, 1.4x10° 3.2x107 —— = ——— | 1.548x10° | 1.291x10°
i3 P, 1.5x10°® 3.5x107 ——— ——— 2.457x10°® | 2.043x10°
B, o R — o o _
B, o N/ -lal e _ o _
238 2 FEP 2 E I TS 2 AP ISE T FALE 0 ¥ 23.6 mmx15.8mm ik

gL 34 ok 10x10 e ts » & it < [ FAple > o d RR L BEIE R Ll B o
BRI BT RL G AL E S B R RS AT AP R

Bl 2-3(a)2 b sk 5 #iT > A B BS E E G IR < F

A8 40k 3-8 7 o

o BE i A

£ setl 5= 22.03 pixels » set2 = 7.34 pixels » set3 % 25.51 pixels - set4 3 27.69 pixels >

setb % 21.74 pixels - set6 % 25.70 pixels ; 14 iWitness #x %8 5 2 s

2_ WA BEim A5

2
¥ <~

S 2SS

PhotoModeler #ic %8 5 #:# £ 9144 cm 5 2 k2. L BB £ 5 o) o h BB X FE ¢

setl = 70.40 pixels » set2 7 59.62 pixels - set3 % 75.10 pixels » set4 = 76.33 pixels » set5

% 66.87 pixels > set6 = 71.70 pixels ; F % 12 iWitness #ic §8 & 2 {5 2. f @b <

/E pﬁi

~ > PhotoModeler st %8 & 28 & 9144 cm & T 4E 2. hZhd < 2,8 5 5] o

43



2 AP ¥ BrEp e

Y i

(=
%

set2

o Bhim A5 & 1 22.03 pixels
fmhE < %258 1 70.40 pixels

%o Bhim A% & ¢ 7.34 pixels
gL~ %258 1 59.62 pixels

setd

o Bhim A% £ © 25.51 pixels
% 2hd < A58 1 75.10 pixels

o ghim A5 £ 1 27.69 pixels
i 2hi < A58 ¢ 76.33 pixels

set5

set6

o Bhim A% £ ¢ 21.74 pixels
B < A58 1 66.87 pixels

i BEim A% £ ¢ 25.70 pixels
B < A58 1 71.70 pixels
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332 BHBEWRA

R AL S R A WA ATRE] R AL B S R B R PR R B
P I IRBEZ fp SRR r (H = imm) o SR B R L dr (E = pm) e &
FHALGE S0 R A TR 0 F IR Lmm g SRR s H TR R LR S R E 0 A
FIE T AP R GO B E X ] 5 23.6mmx15.8 mm > h Bt B+ 15 StEEA (B ik
tp¥t & 2L )5 14.2 mme B 3-19~ ] 3-20~ §] 3-21 4 w| % 48 PhotoModeler~iWitness
Lensphoto = ‘e 5 5 ¥+ 445 5+ve % £ 37K > #h2 {5 5HIE3E 5 0~15 mm > Sidh2 ¥4
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