Geometric Camera Rarameters

* What assumptions hae we made so far?
- All equations we hae cerived for far are written in the camera reference frames.
- These equations arahd only when:

(1) all distances are measured in the carmeeférence frame.

(2) the image coordinatesvwatheir origin at the principal point.

- In general, the wrld and piel coordinate systems are related by a set g$ipal
parameters such as:

* the focal length of the lens

* the size of the pids

* the position of the principal point

* the position and orientation of the camera
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» Types of parameters (fucco 2.4)

- Two types of parameters need to be k@ced in order for us to reconstruct the 3D
structure of a scene from the gixcoordinates of its image points:

Extrinsic camera parameters: the parameters that definectimn andorientation
of the camera reference frame with respect to avkneorld reference frame.

Intrinsic camera parameters: the parameters necessary to linkeéheqordinates of
an image point with the corresponding coordinates in the camera reference frame.
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World Coordinates (3D) ‘
i extrinsic camera
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 Extrinsic camera parameters

- These are the parameters that identify uniquely the transformation between the
unknown camera reference frame and theknown world reference frame.

- Typically, determining these parameters means:

(1) finding the translationector between the relaé positions of the origins of
the two reference frames.

(2) finding the rotation matrix that brings the correspondingsaxf the tw
frames into alignment (i.e., onto each other)
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- Using the &trinsic camera parameters, we can find the relation between the coordi-
nates of a poinP in world (P,,) and cameraP.) coordinates:

011 Tri2 30
PC = R(PW _T) whereR = %21 Moo r23g
131 32 330

X O Xy O
-If Pe = E'YC BandPW = BYW gthen
Zc O 04w 0O
DXC [ D]_]_ Mo 13 DDXW —TX L]
BYC E: %21 roo To3 BEYW -Ty B
e a1 fa2 FssO€w =Tz

or
X. =Rl (P, -T)
Y. =Ry (Py - T)
Z.=RI(P,-T)

whereR! corresponds to thieth row of the rotation matrix



* Intrinsic camera parameters

- These are the parameters that characterize the optical, geometric, and digital charac-
teristics of the camera:

(1) the perspeacte projection (focal length).
(2) the transformation between image plane coordinates aeldcpordinates.
(3) the geometric distortion introduced by the optics.

From Camera Coordinates to Image Plane Coordinates

- Apply perspectie pgrojection:

Xe _ ¢ Ri(Py=T)
Z R-:Ie,—(PW_T)’

Ry (Py—T)

x=f _evw o/
R-:I%—(PW _T)

Ye
y:f_:f
Z;

From Image Plane Coordinates to Pixel coordinates

pixel frame P

.y
v Yim

Ye
C y
amera Yw
Frame optical axis X Xw
/ Zc Q » World
center of . Frame
perspective projection Image principal point Zy
plane
frame

X == (Xj;m — 0x)Sx OF Xy =— X/Sy + 0y
Y == (Yim—0y)Sy O Yyim=-Y/s,+0y

where 0y, 0y) are the coordinates of the principal point (ingdgs e.9.0x = N/2,
oy = M/2 if the principal point is the center of the image) apds, correspond

to the efective sze of the piels in the horizontal andevtical directions (in mil-
limeters).



- Using matrix notation:

7im EHISX 0 Oy BDXD
Yim 0= 5 O -1/s, oy oy o
U120 5o o 14b

Relating pixel coordinates to world coordinates

Ri(Py—T) R} (Py—T)
—(x. — = f = Z —(vy. _ — =f == ‘
or
RI (P, - T) R (P, - T)
o=—fs, =W /4o = —fg, W g
Xim == B prp, =) T O Yim Y RI(Py-T) ¥

Image distortions due to optics

Assumingradial distortion:
X = Xg(1+ Kyr? + kor®)

Y = yg(1+ker? +kor?
where g, yq4) are the coordinates of the distorted poimts=% x5 + y3)

k,; andk, are intrinsic parameters toatowill not be considered here...
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« Combine extrinsic with intrinsic camera parameters

- The matrix containing the intrinsic camera parameters:

[+ f /sy 0 0y [
0 _ U
0 O 0 1

- The matrix containing thex&rinsic camera parameters:

(Y11 f12 13 —R{TO

Mex = %21 rop faz —ROT B
2

Ta1 ra2 rss —R3T[g

- Using homogeneous coordinates:

X X
[Xp U %W B SYW E OMyp Mo Mz Myy DEYW g
Elyh B: Min Mo 0" 0= M 0" 0= Emm My  Mp3 m24BD "0

Z Z Z
0w 0w 0w
w Mz, Mgz M
oW O 010 010 OMzp Mg Mg3 340751 O
- Homogenization is needed to obtain theeppoordinates:

Xn _ Mg Xy + MypYy, + MygZy + My
W Mgy Xy, + MgaYyy, + Mg3Zy, + Mgy
Yy

CW Mgy Xy MapYy, + MazZy, + My
- M is called thegorojection matrix (it is a 3 x 4 matrix).

Note: the relation of 3D points and their 2D projections can be seen as a linear trans-
formation from the projecte ace K, Yu, Zw, )T to the projectie dane

(Xhs Yh W)T-
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* The perspectve amera model (using matrix notation)
- Assumingo, =oy =0ands, =s, =1
[Ffryy, —fry, —fris fRITO

Mo D—fr21 —fry, —frys fRZTB

D ra1 3o rss -R3TQ

- Let’s verify the correctness of the algomatrix:

+fR] fRITO 5 R (P, - T) O

- — LL¢pl T OO0 w0 [L ¢pT O
P=MpPy = 5 fFTe2 fRTT 01 oo RePw=T)
ORs  -RsTpg OR3(Pw=T) O

- After homogenization (we get the same equations as in page 23):

_ ¢ Ri(Py-T) y=—f RPuT)
Ri(Py—T) Ri(Pw—T)
* The weak perspectre amera model (using matrix notation)

[+fry, —fry, —frig fRIT O
MWp = E‘fl’z]_ —fl‘22 _fr23 fR;T U
0o 0 0 RIP-T)[

whereP is the centroid of the object (i.e., objeci/erage distance from the camera)

- We aan \erify the correctness of the alsomatrix:

0-fR] fRIT O 5 Rl (P, - T) O
- —U_¢pT T 00w 0= [ ¢t s
P = MupPy = 5= RS TfRT 10 D fR3(Pw=T) 5
M0 00 Ry(P-T)[ R} (P-T) D

- After homogenization:

R (Pw—T) __ ¢ R(Py-T)

—f w7/ = _
RI(P-T) y RI(P-T)



» The affine camera model
- The entries of the projection matrix are totally unconstrained:

(A1 a2 a3 apsll
M, = Ellazl dyy QA3 Ay B
00 0 0 asup

- The afine model does not appear to correspond yopagsical camera.
- Leads to simple equations and appealing geometric properties.

- Does not preseevangles lut does preseevparallelism.



