Chapter 12 Calibration

Photogrammetry

Absolute orientation; position and orientation of a range sensor in an absolute coord.
from the coord. of calibration points
Relative orientation; relative position and orientation b.t.w two cameras
from calibration points projections
Exterior orientation; position and orientation of a camera in an absolute coord.
from the projection of calibration points

Interior orientation; internal geometry ( f, cx, cy, k)
assume; conjugate pairs are available

12.1 Coordinate systems

Scene coord. ; points in the scene

Camera coord. ; viewer centered representation

Image coord. ; scene point projected onto the image plane

Pixel coord. ; for the grid in the image array

pixel coord. (m,n)

~ _m—1

Center of image array; Cx = 2 => estimated principal point
~ _n—1
)

(optical axis, principal axis)

image coord.

X =s(— 2L

vy =—s(i— Hgl )

Sy S, 5 spacing b.t. row or column, respectively

X

12.2 Rigid body transformation
for a point P;

in coord. 1, D;= (Xl,yl,Zl)T

in coord. 2, Dy= (Xg,,Vz,Zz)T

P, = Rp, + p,
F Iy Ty,

R=|r yx Ly Iy, | 5 TOtation matrix, Dy position of origin in coord. 1 w.r.t coord. 2
rZX I-Zy rZZ



Perspective transformation

(x, v, z ) In a camera coord. is projected to a point (x’, y’ ) in image plane

, _ xf
o =X
zZ
4
Y zZ

12.2.1 Rotation matrices

* Right hand system

1 0 0 0 cos® 0 sine 0 cos® —sin6 0 0
_ |0 coso —sino 0 _ 0 1 0 0 _|sine6 cose 00
Rolx0)=14 Gino coso 0] FoH¥©) lsine 0 coso 0] FHZO=|T07 ST 0}
0 0 0 1 0 0 0 1 0 0 01

example;

v = Rot(z,90)u
w = Rot(y,90) v

=> w=LRot(y,90)Rot(2z,90)u ; Absolute transformation

0 0107710 —-100
h_10 100[(1 0 0O0(]3
3 —1000f(0 0 10| |2
1 0 001110 O O 1] L1
* Coordinate Frames
examples;
6 001 4
4 _ {100 —3]| |3
10 010 7 2
1 000 1 1

* Relative transformation
Postmultiply a frame by a 2nd transform=> rotation/trans. w.r.t the 1st frame axis

Premultiply a frame by a transform => rotation/trans. w.r.t the base frame



* Left hand system

Rot(x, o) = 0 coso sinw 0
0 —sino cosw 0

1 0 00}
0 0 0 1

cosp 0 —sing 0 cosk sink

_| 0 1 0 0 _ | —sink cosk
Roty, 0) = sing 0 cosd 0 Ro(z,1) = l 0 0
0 0 0 1 0 0

Roll. Yaw. Pitch

R(z,x) - R(y,0) - R(x,0)

ax % 00 [cd 0 —sd 1 0 0
_ | ax 00|01 0 0|0 cv s
0 0 10|20 cd 00 —s0 cw
L0 00L1IOO O 10 0 0
xod K — ks 1 0 0
_|—xad x gHx 0|0 a a0
s 0 @ 010 —s a0
L 0 0 0 10 0 01
[ xad st awx —xsHo +ax
_ | —abx —wdpxtoaw cwxsht+ o 0
sp — Svch chaw 0
0 0 0 1

Inverse of rotation matrix
RTR=1T
Dy=Rp,+ Dy

plzRT(pz_pz,o):Rsz+p1,0

OO O
—_—o oo

_—0 OO



12.8 Exterior Orientation
image plane coord. (x', ¥ (=> (x, ¥,2) in absolute coord.

P (x',¥) define a ray from the center of projection passing through P (x',y)

Origin of the camera coord. ; center of projection
Position of Camera ; center of projection in absolute coord.

P(x",¥)is (x',y',0) in 3d camera coord.
in camera coord. the parametric eq. of the ray passing through point

Exterior orientation problem;

obtain the relation from the P (x',¥") to its ray in absolute coord.

in camera coord. the parametric eq. of the ray passing through point P (x",¥)
(x, y,2)=Hx",y,H) ,0{to
If, given P (x",¥) and f, we can have the ray

Let p=(x,3,20" p'=(x,y, D7
=>  p=tRp'+ p,

Let p,=(x,,v,,z)7 = p.=(x,v.,2z)7

XC :r)cfXa+rWV3+r)(ZZa+pX
Ve =X, T 1, v, +r,2,40, (151035
Zc:rZXXa+rZyy3+rZZZa+pZ

x _ X y _ Y
r z,0 f z,
=>
x rﬂxa—krnya—i-rx/a—i—px
£ rx,try,tr,z,+p,
vy _ rx,tr, v, tr, z,+p,
f I, X, tr,y,tr, z,+p,

x(r x,+tr,v,tr,z,+p)—fAr x,+r yv,tr z,+p)=0
y(r o x,+tr,y,+tr,z,+p)—fr x,+r, y,+r,z,+p)=0
6 calibration points => 12 eq’s.

obtain I

using I = *** etc, obtain ®, ¢, K by regression

12.9 Interior orientation

intrinsic parameters



Camera constant ; distance of the image plane from the center of projection
Principal point; (c < C y)
Lens distortion coefficients;

scale factor



12.10 Camera calibration

pixel coord. (m,n)
m—1

Center of image array; Cx 2 => estimated principal point

3
Il
[\

(optical axis, principal axis)

image coord.

x' =1d(j—c,)
y' ' =—d/f(i—c,)

d,, dy ; pixel distance b.t. row or column, respectively

T, ; scale factor for distortion in the aspect ratio due to electronics

12.10.1 Simple method for Camera Calibration
Tsai [234]

Assumptions; the origin of absolute coord. is not in the field of view.
the projected origin is not close to the y axis

n calibration points,
(x Vi Z 1‘) i=1, n in absolute coord. , (35,-, 37,) ; uncorrected image coord.
Matrix A
a,=(Vx, Vv, — XX, — XV V)



(1) Zhvlel A2 B O] A

]

K 1y
g0
filo
SE
9
i
S}i
L
L.
[‘E
rk?L ol
o\ﬂ
o,
2
At
n-{o

o
:L o
a
@
)
A
-
S}i
=2 -
_t
%
FIO o

FxE BTFE ARy Wo}ﬂ A g ek tﬂ—‘:— ; 17} el, Figl¥ #2o] A8
o] Fig4et 7ol Mo HE S Asta(E AFoAEs 25709 3 %

FH
il
o
_0|L

AHE &5 SEFUE Asto] sheet AelB oS AF FFHAEE Figh, 73 2ol

2 (@9 WHom dojxd A Pu, v)¢F B #old e 34 PKx, y, 25
3 S ol &3ate] A1) o] FHskAL o] AL Al B o] dstd Fhultel A €]
BEE (u, vol A& FiE(x, y, 25 Tot= A dE& QA A ofd A)elA 3

170e] CCD 7tdletE 7FAa A B o] Ao A edojH = o] 7] wjiol A LJAl7]a 2 (2)7}
Zo] xdEY

s* ay ap ay dy| [X

SKV| | @91 @9y A9z Ay | 4| 1)

S* ag dg dgy ay 4

S Ay dy dy ady |1

*

S* ay dp 43 ady 2

S RY

Qg A9y A9z Aoy | * (2)
S* 7
s ay Ay ay 1

714 (x, y, 2)= ZhelEk Alokell EAsk= ol Apell ek AAM HxA OsllM &
¥ #H;oliL, 2, Fhilgtl Foj 7t G Abelel BAE AR golr
E2F (u, v)= ZHErel] ozl GA HEolr, s= wl& R &x(scale factor) oIt A(2)
oA susveE FEIH A3 o] YEd 4 9

u= axt apytapztay

SV= anXT apyt apzt ay (3)

S= a,x+ apyt apzt ay

AH@)elAM susvE FEHER YERRE A 4)9k 2ol vERd = Utk

a . *x+ a p*y+ ap*z+ ay
ap *x+ ap*yt apxzt a,y

(4)

a9 ¥X+T a ¥yt agp*zt+ agy
ap *¥x+ apxyt+ apgxz+t ay

A(4)2 ofmAA oA A(5)ek o] FdHo| Hr

V=

(a,—u*xay)*xt+(a,—uxay)y+(a,;—uxag)*zt(a, —u*xay,)=0 (5)
(ay—wa*xt(a,—vkap*yt(ay,—vkag)szt(a,—va,)=0

MASl HEE A(6)7 2ol A FBAe] st a,F TF & Ytk
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