Camera Calibration

Computing Camera Parameters

& Pose Estimation



e Section 2.4, and chapter 6 from
“Introductory Techniques for 3-D Computer
Vision” by Trucco andVerri



Camera Parameters

e EXtrinsic parameters

— Parameters that define the location and orientation of
the camera reference frame with respect to a known
world reference frame

e 3-D trandation vector
* A 3 by 3rotation matrix

 |ntrinsic parameters

— Parameters necessary to link the pixel coordinates of
an image point with the corresponding coordinates in
the camera reference frame

 Perspective projection

» Transformation between camera frame coordinates and pixel
coordinates



Direct Camera Calibration

Read section 6.2 from Trucco amd Verri’ sbook.



Camera Parameters from
Projection Matrix



e Using known 3-D points and corresponding
Image points, estimate camera matrix employing
pseudo inverse method of section 1.6
(Fundamental of Computer Vision).

o Compute camera parameters by relating camera
matrix with estimated camera matrix.

e |ntrinsic
— Horizontal and vertical focal lengths
— Trandation o, and o,
— Extrinsic
e Trandation
* Rotation



Camera Model Revisited:
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Perspective Projection: Revisited

lmage Plane
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Camera Model Revisited:
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Perspective

Origin a the lens
Image plane in front of the lens



Camera Model Revisited: Image and Camera
coordinates

X=- (le - OX)SX
y=-(y. - 0,)s *m Yin) image coordinates
e (x, y) camera coordinates
X =- RASIIPS (o,,0,) image center (in pixels)
"os 7 (s, s,) Effective size of pixels (in
y millimeters) in the horizontal and
Yim =7 3 +0, vertical directions.
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Camera Model Revisited
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Camera Model Revisited
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Camera Model Revisited
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We have seen earlier how elements of matrix M can be estimated
from knowledge of real world coordinates coordinatesin camera
reference frame. Let the estimate of M be

em, m, m, m,
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Comparison
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Computing Camera Parameters:
estimated Estimating scale
\ ; o

em; m, m; MU €& fyly 140, - f1, +150,

Since M is defined up to a scale factor
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Computing Camera Parameters:
estimating third row of rotation
matrix and translation in depth
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T, :srﬁ34, S == 1 Sincewe can determine T_>0 (origin of world
r, =sm,, =123 referenceisinfront)
Or T_<0O(origin of world reference is in back)
we can determine sign.



Computing Camera Parameters
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Computing Camera Parameters:
origin of Image

G Oy = MM Ty, + My, + 1My
Ty, My, + MM, + MMy, =
(' fxrll 150, - fxr12 +t150, - fxr13 + 1530, )'(r31 I3 r33)
= (' fxrll B fxr12 B fxr13)'(r31 5 r33) i
(r310x (30, T30, )-(r31 I3 I’33)
= (r310x 30, T30, )'(r31 3 r33)
= (r3120x i r3220x i r3320x)
= 0><(r312 i I'322 i I’332)

G G =0,

Therefore: .
O, =0 s

Oy = q-quS



Computing Camera Parameters:
vertical and horizontal focal
lengths

Gy Gy = M, MMy, + Wy, +Mm,
MMy, + MMy, + Mgy, =
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Computing Camera Parameters:
remaining rotation and translation
parameters
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Pose Estimation for Object
Recoginition



Object Recognition

Same Object appears differently in different poses.

From an imge , we can hypothesize an object, and estimate its pose
( variation from original object position).

3D World points project to different positions on the 2D image.

The difference in image coordinates can serve as clue to 3D changes

(Rotation and Trandlation).



Pose estimation: Object
Recognition

e To determine the orientation and position of
an object which would result in the

projection of given 3-D points into agiven
set of Image points.

— 3-D points are given from the model X’,Y’,Z’
— 2-D points are given from the image X, y

— Determine 3-D rotation(orientation), and 3-D
translation (position)



Pose Estimation

i perspect
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|mage displacements instead of
3-D trandations

T Replaced by D in Z direction and using Z+D,
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X',y areprojected points on image . These are compared
with actual iImage points and error determined.

Error in X’ image coordinate can be related to errorsin
various terms using First order Taylor Series expansion




Pose Estimation

Derivatives

Y 4D, 9= (fxc+D,, frc+D,)
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Pose Estimation
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Pose Estimation
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Home Work will be posted on the webpage



