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2 slof vk AsHE AN & 5 ATk, T od@ Uy aclel sehie @
2 Fahe Bge s Aeudeldon A9 5 Ak,

o
-
2

FhvlEl G4 3AY T3 A HAES 239 ojulx] HHo| FAl(perspective projection) o ZH dojF 4
3, AE(pinhole) 7HHg} e A= ogdt W3t BAAS [F8H] 112 RdP3 = Q).
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[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

SS50l 10-2159134

Se14 1

X
x fx Sk‘ew_Cfx Cx||T1y Ty2 Ty3 t] Yy
sy|=|0 Sy Cy|[T2r T2z T23 tz2 ||,
1 0 0 1 T3y1 Y32 V33 t3 1

X

Y

= AR/t
ARIt]
1

o714, (X,Y,2)= €= FEA (world coordinate system) A9 3D A Folar, [RIt]E 9= HxA
vz HAExAZ H3A7]7] 3% 3] U o] PHo|W | AE intrinsic camera matrixs A|HE = A

:L il

F2Ax o7 ¥ Jhdzl 7B o] A (camera calibration), MM} FZEA (Xc, Ye, Zc)ol 3D & FE 9},
A FAEAKX, V) 20 HHEFE Alole] wWEAA T o] HMIT|AES HAyst:E dvgHE = gAY

¥ o2

olof whal, [F8r2] 1]eA] 7] [RIt]e= ZhvlEl <% T2t (extrinsic parameter)®, 77| AE Jhvlg W+
y&Z}u) ¥ (intrinsic parameter)Z &€& 4 Jub. T3, A7) A9t A7) [RIt]E FHAE camera matrix H

£ projection matrix® g% I rt.

A7) Fhel ol shetul e shdlgte] A o], W, €E) T, sheke o 3iate] v)stets w
oF wE spEpuEgols, Y] FhlEl iR sl = 7}“113}«] %% A%, aspect ratio, TAH 5 7hvl
ZHA 2] WH-2 < stebu el s ou)dt 4 gl

et W e e 23872 (focal length), 53 (principal point), Htl3 Z4=(skew coefficien

o o =l=
Eis}-tﬂ/‘ 9}1\

ul
it
_1

o] m X AA (CCD, CMOS 5) ¢kl AFE XA = dub. =FAH () G+,

ojm=|e] HALo olux] A A dl-g¥7] wiel, 2HAL) 7 JA Gt guls =G AT olvA
Aol A 770 ek A R ZEEThE ud F k. «E Eof, onA A9 Al(cell)o] A
717 0.1 mme] 32 ZhelEke] 2" AE7E £ = 500 pixelolgtal s, o] Fhwghe] A= FAlolA o]u|X] AlA7tA]
o] AE ol AA A(cell) =719 5008 =, 50 mEF= or]d 5 9l

¢

ol
(]
nl
=
L
M
(]
o
=2
_>L
N
N
h-)
i)
N
)
)
Au)

2 2899 (m, em, mm, ...)7F ofd AT E FHIE o|f=, olm
A AAY T d9E 2HAYE 3H FoEA Al 710}5”4 3MS BolstA sk7] fAgteltt.

AE dte ghowm o mAsA @i, el A nelolde] Fal

]
h=
fx, fy® F&349 Eifﬂﬁ}% A57F A, ol oA AlM el =EAQl A Aol Tt W A=

o 8

a}
o]

of A% fx= ZAAYUGRN=FTAAA ovA] AM7A o A7t e W A A71(314)9 9 widAE e
Wi, fye= 2387497 li W Al A A71(HF) e B ouiIAE Yebdrk. fxob fyo] ©ele B o]
o, ddie] dukAl Fhelebs kR A A AR A A ] o)zt gl7] wiiel f = fx = fygk Fob
s

FuR, 5AF Az Aol A FARS W, on PT 122 wFw, Audeld Azl 2
GAUE 122 Aopach, A4 BeH 2AALL W AL oA FAue wadAe ZAARNE Ao
49l Adels] WEe] APEE v @ HApixel)ol fEeks Zeldslsl Wely weby 2Uw wWe
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[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]
[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]
[0087]

[0088]

[0089]

[0090]
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G i, olujx] SRS 1/22 S olux] AlMe] 2 x 2 AEo] §AA shte] oju|A] FHAlo]
&= e tigste Eelar]e 2ui7F Ak, mebA 23 A= 1/20] Holof dh.

N X
_\‘11(
=
=

mElo] d¥E dWsty] A7 =weld.

E

o
g Bdo] d=FA(2H)e #
E % Ao

el oA BE(pinhole)el slE= 4 Urt.
)S = = I
H“

Z 7 3
S AA S a}ate] olm|x] ﬁ”d(éﬂ*i)oﬂ FogHTE=
12 B Abole] 7]8ed F< (projection) TAE v

a

r&‘ﬁiﬁ N

o25E AZF L(unit distance)ql BWS normalized image planec|g}il F-2m o] HW Ao HRE

R

3

% normalized image coordinate®til A& 4= v}, normalized image plane> 2#| &

o (Z3e]) oA FHEd & k. Fhdlgt FHEA Y & HXe, Yo, Zo)s FAHATAZ AT o), WA
Xc, Ye& Zc(FHMlEl 2HAAM ] AR UFE= A2 ©] normalized image plane 739 FEZ W3lsl= Aoy,
A7lel Al 2HAE (& Fshd doke oln A WHo A9 A4HE(pixe)E F& F AT

gk, olmHel A HAF= ojujx]9] FAlo] ofd olnxe] e BAMZlE V|E(HA)er &) wEel, 4
A HEARJ] RS 71l He Al (ex, cy)E HE ghel €0

T4 ox, cy= FHlEL =0 T4 S, WEAAM oA AlMel] WE o] e AR E(EeE HA)RA
d HIGo M expz <]l

i vl [e}
vtg oz WaleE 94 TAH (image center)dis T2 oujolt},  o|E Eof, JhvE} %

1 oiFUd | FH3 JASTAHE A= g2 g 7HE Aol
GA7)8 e = @3k olux] AE X TFE principal point7} 84 Fa38ty  Gake RE 7)8HE &xe
o] F4E o]&3te] o]Fojxit),

It Al 1Ul7<1 AlA el cell arrayJ vEol 7ozl Axs vekd 4= gl ok, el AlEtE= 7t
Bl A wE vt A= e shH] ¥

L
% 3at QML 7l ZzlBdeld & Awslr] 93 Lwola, & 3be GML ZhvEl A B goeld B A3
AIE dAgh m=ro|T),

QL 7hviet Aejpeold Eo) /1EA AFHE, 30l 2 Aneold e (chess board)o] 14¥
FolZ, TR 9% 2 Aueld] etz Y ¥ IPOoR A, 448 G442 E(ooD)w Aelny
e st Ytk

GML ZhelE} AzlBgold 9 EAL = 3aclAet T2 o7 79 Agrg oA HES FAld ALt A
BHoldS 9T F duhes Joz, 27 ol HAEs AFEES o AgHygeld adrt v dFE 5 9l
o, AR mEA =

GML ZhvEl AgHgold 58 AH835te] ZAg|H o)l 33 Ayli=, & 3boll =A|3,

T 3bol At Zo], ZAErH oA Ade FAA £ FHLAH(3xsigna) FEIR FHHM 7] o on|=
ge3t 2o

- Focal length: fx = 3497.576, fy = 3501.038

- Principal point: cx = 1058.429, cy = 797.136

- Distortion: kl = -0.041196, k2 = -0.203893, pl = 0.006114, p2 = 0.002318 (k1,k2: radial distortion
A4, pl,p2: tangential distortion A5*)

24 dHolHE @2 o]%, HSHE A wIdE FAAE A A (100)= 100m ©]3te] Ak =E(F<1
Hlg7]) Hlhel ok Ax FFS HAAE F 9 o, HSEE AAZ wIdE GAAE A %A (100)
A= ouAE AAre R FY T} A E E38 olnAE HAEwS & At

=
o = =

3, HSFE AR nadE QAR A FA(100)= AAEeR S ojnHe] is), hx Ae|H
oldE F ¥ BA dHolHE e r dl= o= g A ¢l Wi 2 AeE AAE 5 Ao
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[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]
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BAANE Fol gdoiA, MSFE AN TAFE PAAE Y FH(100E W 2ol ne e openCVE A}
8 & A
E o4 R odel mE A oF % A 9Fe) e g qelel Qs 49sy] A% wwoln,

1= o= = HA d=to] g A Ao, ZH A (Focal length fx, fy), 5% (Principal point cx,
y), 913 A5 (Distortion k1, k2, pl, p2)7 AMEEH | o] 52 olefo} o] AHu]d 4 9lr},

Camera Matrix : 3 x 3 Matrix => { fx, 0, cx, 0, fy, cy, 0, 0, 1} => { 3497.576, 0, 1058.429, O,
3501.038, 797.136, 0, 0, 1}

Distortion Matrix : 1 x 4Matrix => { k1, k2, pl, p2 } => { -0.041196, -0.203893, 0.006114, 0.002318 }

12 o= = HXA o=fol thdt BA )=, Camera Matrix®} Distortion MatrixE T L= 3}, o]E Matrix
£ OpenCVel ¢f= B4 32 cvlndistort2() ol 48 Fdozn, © 49 5 TWH<HA I3 2 =2

T, HISHE AARE aEdE AAAE A FR(100)= olu el AxdE A A7 B (RAW, PITCH, ROL
g 7Ivtes, AAdE o Ao e HAF A Hs D

&
%o
D

Y3 (Perspective transformation)< $-2]9] wo] &% AMES 2125 7z 9&31017] o Fof | =
& BASHE HFH adgdAEs o] IIHEs wR ARSstE Ao AZFA (£, projective
projection)ol EgtEo] AMgE 4 k. =, $-29] =& HE e AL A, 1gxn }77}01 UE A 2
A Hole Ayl A& Wi, o7} =& TSl Wk 3| A e o]zl uhx] FhdeR(A &7}

o1 2
1 0 0 O
1T 0 al|x 010 0
O1byor[xyz1]
0 0 117 O 0 1 r
0 0 0 1

[5=3t2] 2]ellAf9] 2714 Peje] FAFE, WAPAE %Kol wjAste A}, ANAFPE L 2Fl wAsts A
o] zpole] 7191t}

AgA o] AX7F A pel %ol iAW, A Pe W FYER xS, wd, WG] A7 A pe] oF
Sol WA=, d P 9 FEE xdd 5 3ok dHeRe, PFdo FHel vad A, WaAPdE o
B A7 A P d2ZA xdT F ot

3akd FAE 22949 olw|x] HWA T (project)dti= AL 3 AFE 2HFAA T8 5 9

T 5a0AE A5 (perspective projection)S dASta i, = 5aolAel T FA4L = H(eyepoin
t)o] Hm, T4 FAHL ojnx] HHs FHoR FIsi),

&= Shell M=, w2 AAES of&stel, AP(x,y,z)¢ olm A HHe] HP'(x',y') Atele] wAE At

= Aol AP (0,0,0), enAES] g9 YHP(x,y,2), % oA BHe] HP'(x',y') Atelel wANE [
G4 slow 2EE - AT
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s==4

84 3

D/z and x’/x=D/z,or(x’,y’ )=(xD,/z,yD/z)

v/ y=

[0108]

=
=

perspective divide

o}

3t
dxate] Azt 7 A A H.

o5& AL perspective dividegtal 3

of w2l zgkol AFOEMN, T

b

[0109]

L
.

o
23]

el
k-

o]
<

0

o))
L

[0110]

aa

~

e
<

© O _©
A
O O «— O

O — O O

- O O O

[x y =z 1]{

(xD/z,yD/z,D)~[x y z z/D]

(xs’ys,za)

[0111]

= AL

Ak ApEA

§l_

ojel

[0112]

B

[0113]

[

Ho

22

84 5

0
0

[x y =z 1]{

(xD/z,yD/z,D-D/z)~[x y z—1 z/D]

(x:’y:’ Z’)

[0114]

ot}

i3

2 4

PHL AL H3(perspective transformation)

[0115]

[0116]

6roz o Fold St

L
.

A (viewing frustum)

[0117]

=l

)

A

aa

ERE

(clipping) =]

M (image plane)

'2%Sx by 2#Sy' &2}

3

pz

ojm] ]

AWk F7H(Euclidean space) Alofe] 7}7to]

[0118]

}i, near®

S

=
=

olv]A Bwel 7]

3

Dz

B
22

[N

I

e =7]

Febar 7bstd, ofvx

=
=

D, fardol|Ae] 2

=
=

ol Ae] z

~

e
<

Dtan( fov,/2)

Sz=Sy:

[0119]
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[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

SE=546 10-2159134

714 fovE field of view & Alofd ¢ ).

AxLe] ©3lE 98, neardS z' =0 ¢ HOoR WEEL, farWS z' = 12 WO R WHEstA | neardol A9
e H(0,0,D) 0%, fardAoAe He H(0,0,F)o® 3T & Q. o5 Hol gt zzbe] dawse [F
shal 713 [48H4] g]l= ®HEE 4 Q).

84 7

00 p1|[p] =[00D-11]~[00D-1]
00 F1][p] =[00F-1F/D]~[00D-D/F]

74 8
1.0 0 0
0 1 0 0|_ 5
o0on1 oo 1D [0,0,0-1,1] ~ (00,0-1)
0 0 -1 0
1.0 0 0
oord 2 Y 9 =l00rF/D] ~ ©0D-D/F)
0 0 11/D
0 0 -1 0
[t 713k [ 81l [Pl A29EY + Ao
4714 z'gkel, sk 03t 10] 7] A3 AWA B A AGF QA4S Bk, [£5 05t ol
9% & 9ot

784 9
1/Sz 0 0 0 |
0 /Sy 0 0
- |
1/D
0 O pa-nsmy
0 0 ! 0
- 1-D/F -

[53H4 9] #3 AFAE weshe] FANACEIEIPPY 5 v},
D

o HlS|A wi$- Ftha AZEA D/FE 0o HRE, FouHstgyge HxzHor [434]
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[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

S50l 10-2159134

7814 10
1/Sa 0 0 0 |
0 /Sy 0 0
Pl=
0 0 1/D  1/D
0 0 -1 0 |

gade ogale] 9oMas Az gomx, WEDE AN AR AAAE A4
2 =l

L, HSEE AN mEdE AARAE A AR (100)= ZHEF 32F, PITCH 3 @7F, ZI=ghs whdste],

GPS X ARE BASIL, BAHE GPS HFHEE 7|vto g ojujx|9] HAld £-3}

@G B2 PS HRE =ESHe] TIFF g2 W3ty sAld =8 XA R (GEO-Reference) HRE TIFF
1

T 72 2 e e HEARS =58 dWsr] 9% =deln.

L 7at TR 7IOlA U Pitch Zhwol wh& GPS #EAe] A5 Arstr] 913 =wola, & b = TaE
22kl el wuh A8 dwstr] 9g mweltt.

L 7a % & 7hellAe, AGPS HZAH WA AR GPS FEHN HE =FsH] g ALAS (84 112
23T & Ao

h(nE)

D(Distance) =
( ) tan®(Pitchz|dZ

d; =sin(Yaw?2|ZhHxD
ds=cos(Yaw?2| N ZxD
g A’:CCA‘/‘d,j, yA+d2

H =g AA7F Ll E AAAE A A2 (100)= GPS HE Mo HAH wet Halsls 1% Fro tha)
AE BAS & 4 ut. 1% AR gk BAL ' = sin(pitch 3AZ) x (SAHH 1%)'9 sk
& o] &3slo] o]FAd & Ut

IPG oA & W Aol FAISH] 98-, 7] JPG oA E, Georeference X7} @31 Georeferenced Tiff

g2 ggsok gtk Georeferenced Tiff 4> JPG olm| Ao 2ot GPS el ¢-3bek PSHEE HAT
o zH WEo] b st

HS%8 AA 38de AARE A X (100)= A (BAE GPS FHE)SF JPG ©lvx]9] Width, Height,
Yaw 517748 ol galel, IpG olul o) Faekal, $alwrel PS AWARE AN & A,

HZerg AN TAE AAAE A4 2R 10008 X (AR PSHI)NA H4RAA A2l DO = tan
Ghlleh 82/2) x b (RAE DENE Foha, FRAA AElF ALm, n)E [FoH4 12]045 2ol
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s==4

.W. & 9“_[1 . Il
Fl= oSS )
S /w\ m, Q
g g I &
o~ o )
o 2+ Sw 2w
e
n 4 B

[0140]

A A}FA]

1

[

[0141]

& ek,

621.
(XA + m, YA +n)

g 7

X B(x, y)

EREE

o 3

B(x, y) = A" + (m, n)

HPRAE

[0142]

B(x, y)ell, Yaw A

-~
It

REEESEE

1(100) & 8|7l o

sto] A

g

A

3

A
o]

s
a

A A}A

[0143]

&

KeN
=

o
B
2!
.
B
A
_Wﬁ o
G+
—
Jqr
~ -
o >
B .
.
o]
oy~
N .

)

)3

cosB—sinb
sin® cosO

|

)

b
’

¥

[0144]

1]

x*cos(Yaw2l 84 )—y*sin(Yaw
zxsin(Yaw 284 )+y*cos(Yaw 2

xr =

M)

1

Yy

[0145]

[0146]

o},

1(100)

tol, Yaw 277}

5]

I

=rlo

o o5 nolFE

FOGPS #3E

oA WA A

uhs} grol

[0147]

ojm x| e} FHge GPS

A

= 1A

=

d

AT A

ald
, Pitch 3]x7h& 11#

OE

i3

8o EA

[0148]

B

=1 O
F=

%,
2
5

™
o

g

2!
)

HA =

S

3

tol B E o] o]

S

SRR

g

olul x| 4ol GPS

I,

[e}

AAA = A A= (100) £ Geo-referencing® ¢ AAIG A4S W& golu gy

A

al

[0149]
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[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

S5S0ol 10-2159134

dala AR Aol AT 5 Ak EAW A el
o A

= H B

o] H= AL, It F g Al AL div] HAS VEer A= A7]E uE
T AT HSEE AARE nedE AR G AR (100)= A= S (F2)E 256x256 Abo]l=9] Tiling
H AER 27 o8 Ak AH[X Al dd § el GES AAel SHA BojE 4 v

Tile Map Service AA 3l oJH|AEE RolE AFGAE o]&3te] g wEA A% M2 FYdsh= A=
A Adrk. AL oA AHAE %32 A& °§°ﬂ£ Tile oWAZE AXe UIED T2 F
Atk weEkA Y ED FRERE on
H A5 Adste ARt 4 A)RE g5
Fe AesE AT u Fr|Fos A= 4G Al
T ATt

ztol oM A Fo] JIEE B W W3S stEE Wt & Agd A2e AF Al ol AFAA T GPS

| = (GPS #3x)o] %@—a—mi Yol 2 wH& AV BT, old
A7} A3 A

= |28 a7t weEks A =E HolE o] A2 S
ﬁﬁq.om}é%TdeWp%wwe o] &5lH A&7 B
e dEATIE 299 A TS AT AW =ys AT

_1

2
Lot
i)
o
o |
ng
2
T
RO
=
s
Sl

AR Y FA100E A% ool § He B W ol

FU, MEFE AN wAYE AAAE Y FAQ00E FH B 9 Bl BS
B WS Agstm, F2 e 9 co) A9l B W olviA Adl B W AT & ek,
oet, ® 1091ME B el AAE me RIS olgF MEFE AN waAYE PAAE 44

108 B o3P QAAde] mE, FHAsE o g% MSFE AT TAYE FAAE A4 WEe =

B AN mhE FuAE ol§d HEFE A

3 3
NS AN T PAAE A 31009 9 £48 5 v,

N
Kl
:Olz"
0%
H

SH, HEEg AAG BEAE AAAE A Z2(100)= AgHdel S AAse] Fhrate] tid B4 o]
15 (10101)= =8 59 FIvg7lel gA=], 47 “’Omlf‘fﬂﬂﬂ 29 Adst= F
o HF BAHE S olnAE Y ﬂ\ﬂ]ﬂ} ot Saste] shelekel @ el (A= o 4

7] ARl B ol e Fhvlekel SAAl Abele] A up Ak o] Wbl wE, Jheel =] 2 ARy
2 wws SAskL vEl A8 wo2H, Jheetel os) A ou A7) owdt FHR BAE=AE
e 7hsety] A% Al = Ao

ER, WSS AN AFE AAAE 44 AR (1000E 47 AeE Gasel g Fe Fugr s
. 1 ARl Sl B oAk 4 Bl weh, ) Y el ol g3jel ] elu Aol o3}
= 9 A - FABCH(1020). BA(L020)E FAN AT ZEE a8 o] Ao ‘—M

of Azt wel Ud nY 4U9S FAGoEA, A A AL wAs

&AM nEdE AAAE AL AA(100)= 7] 12 BA"E olm Aol s, HA BAsE 2
gsto], FAAGS A EEH(1030).  DAI(1030)= "= B G BAFE ojmX|o] s, BAL
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s=s4

oA 440w vetn

a5

el

S

RAL A% 53

[0164]

B4 ) v,

=
=

= A= A A (100)= FhelEtell A ofw]A]

o
3

o
A

<
T

o]
el

ojm] ]

A

3

AAAA A

1(100) ¢}, -1 =

AT % ek,

X

A A

5G LTE

[0165]

=
T

=]
=

3, 4G

2%

=
=

A7 MEHA

s

FA(100)= 71 olvjA o] FEAAAY R E

A

A A4

o)

~

22 KA o

o
H

[0166]

"B
T
P ;O‘._
.
T
—
N
™
N
‘q. >
= 3
X
A=
W °
W
e
el =
0K
go
—_ —
~ N
O Nro
% 3
ﬂo
T
o S
T o
_1_x| of
~
oy _pmu_
w7
o T
~ X
IA
R ™
N
= 0
s
T X
X B
T o
0 ‘mﬂ
W R
M gl
Y
N
— —
n
N X0
RO .
N

|(pitch) A,

=

ar
o

1, 3239

93]

o, 32k dAe] AL

o

i)

!

X
o

ol

3
N

/\EI

[0168]

23

;ggi

A E 4

tol, =&

tol TIFF sz d&hs

S

==

3=
ERAS

bt ZAefe] GPS

S

Aest

7, 87

A7) elmA 9
(GEO-Reference) #HH. o}

o

o

3}
=

[0169]

ol 74

S

A

[0170]

F 9e,

13
=

xg

T

=
=

A= A2 AA1(100)

}o], TMS(Tile

S

o
ol

[0171]

4 Al 271 AL B el

s

pal

3 AujA Qo

ZM, A7) TMSel 2

Map Service)$} A== A

ojm | W=
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GML Camera Calibration Toolbox v.0. 72 beta =13
Ellc Qbject Detection  Calibration Undvslnn Help
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Parameter _ | Value

Calibration date 013-1-04 27 12120

Number of images
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Pixel error [050 035]

< >
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