
Camera Matrices
D.A. Forsyth,

University of Illinois at Urbana Champaign



Recall



Notice:

• Change in focal length is just a scaling 
• deal with this later
• currently, f=1

• Now turn into homogenous coordinates

and

Affine Homogenous Affine Homogenous

In 3D Camera



The perspective camera matrix



Orthographic projection



Orthographic projection
• Often occurs when looking at people

• criterion:  difference in depth is small compared to depth



Orthographic projection



Camera matrix for orthographic



Canonical camera



Actual camera





Extrinsics

Extrinsics



Intrinsics Intrinsics



Intrinsics



Interpreting intrinsics



Interpreting intrinsics



Different canonical cameras?



A camera views a plane

• Put the plane at Z=0

• Simplify

<latexit sha1_base64="V7X6n15EEKsqyHm4vC3DGknSb44="></latexit>
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A camera views a plane

• Transformation simplifies to <latexit sha1_base64="4FRuWTfK+SIUHI8RtuOmO/o+nbQ="></latexit>

x = K [r1r2t]
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This is a homography
 but may not be a general projective transformation



Camera rotates about its focal point

<latexit sha1_base64="up4XvNxFnxTEQ04OtpWzbzA0LEc=">AAACJHicbVDLSsNAFJ3UV62vqks3g0VwVRLxBSIU3ShuKtgHNKFMppN26OTBzI1YQj7Gjb/ixoUPXLjxW5w2WWjrgYFzzr2XO/e4keAKTPPLKMzNLywuFZdLK6tr6xvlza2mCmNJWYOGIpRtlygmeMAawEGwdiQZ8V3BWu7wclxv3TOpeBjcwShijk/6Afc4JaCtbvkssV0PP6TniU2JwDcptgXzoJPJay193sOTJjO1Je8PwMlkO+2WK2bVnADPEisnFZSj3i2/272Qxj4LgAqiVMcyI3ASIoFTwdKSHSsWETokfdbRNCA+U04yOTLFe9rpYS+U+gWAJ+7viYT4So18V3f6BAZqujY2/6t1YvBOnYQHUQwsoNkiLxYYQjxODPe4ZBTESBNCJdd/xXRAJKGgcy3pEKzpk2dJ86BqHVePbg8rtYs8jiLaQbtoH1noBNXQFaqjBqLoET2jV/RmPBkvxofxmbUWjHxmG/2B8f0DgsSkHw==</latexit>

x = K [I | 0]X

<latexit sha1_base64="qWWItkLypCp4DHoFmZYkJCqupzM="></latexit>

x→ = K [I | 0]
[

R t
0T 1

]
X

Camera 1

Camera 2

But t must be zero, because the focal point
doesn’t change (no translation)
Check – 0, 0, 0, 1 will be fp



<latexit sha1_base64="up4XvNxFnxTEQ04OtpWzbzA0LEc=">AAACJHicbVDLSsNAFJ3UV62vqks3g0VwVRLxBSIU3ShuKtgHNKFMppN26OTBzI1YQj7Gjb/ixoUPXLjxW5w2WWjrgYFzzr2XO/e4keAKTPPLKMzNLywuFZdLK6tr6xvlza2mCmNJWYOGIpRtlygmeMAawEGwdiQZ8V3BWu7wclxv3TOpeBjcwShijk/6Afc4JaCtbvkssV0PP6TniU2JwDcptgXzoJPJay193sOTJjO1Je8PwMlkO+2WK2bVnADPEisnFZSj3i2/272Qxj4LgAqiVMcyI3ASIoFTwdKSHSsWETokfdbRNCA+U04yOTLFe9rpYS+U+gWAJ+7viYT4So18V3f6BAZqujY2/6t1YvBOnYQHUQwsoNkiLxYYQjxODPe4ZBTESBNCJdd/xXRAJKGgcy3pEKzpk2dJ86BqHVePbg8rtYs8jiLaQbtoH1noBNXQFaqjBqLoET2jV/RmPBkvxofxmbUWjHxmG/2B8f0DgsSkHw==</latexit>

x = K [I | 0]XCamera 1

Camera 2

<latexit sha1_base64="ZSBRH7rGMSu4Le6Bf21vbql1xPg="></latexit>

x→ = K [I | 0]
[

R 0
0T 1

]
X = K [R | 0]X

Camera rotates about its focal point



<latexit sha1_base64="up4XvNxFnxTEQ04OtpWzbzA0LEc=">AAACJHicbVDLSsNAFJ3UV62vqks3g0VwVRLxBSIU3ShuKtgHNKFMppN26OTBzI1YQj7Gjb/ixoUPXLjxW5w2WWjrgYFzzr2XO/e4keAKTPPLKMzNLywuFZdLK6tr6xvlza2mCmNJWYOGIpRtlygmeMAawEGwdiQZ8V3BWu7wclxv3TOpeBjcwShijk/6Afc4JaCtbvkssV0PP6TniU2JwDcptgXzoJPJay193sOTJjO1Je8PwMlkO+2WK2bVnADPEisnFZSj3i2/272Qxj4LgAqiVMcyI3ASIoFTwdKSHSsWETokfdbRNCA+U04yOTLFe9rpYS+U+gWAJ+7viYT4So18V3f6BAZqujY2/6t1YvBOnYQHUQwsoNkiLxYYQjxODPe4ZBTESBNCJdd/xXRAJKGgcy3pEKzpk2dJ86BqHVePbg8rtYs8jiLaQbtoH1noBNXQFaqjBqLoET2jV/RmPBkvxofxmbUWjHxmG/2B8f0DgsSkHw==</latexit>

x = K [I | 0]XCamera 1

Camera 2

Rotate about the focal point == apply a particular homography to image
Notice intrinsics matter here, entirely appropriate

Camera rotates about its focal point









I did not discuss...


