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2 The Solution to the Back-Projection Problem 



compued sa in secrioll 21.1. P i  3 iullsaata the+. 

the focal point that passes Uuough P. Every point along rhh vector will have 
the same location in the image. Let V b e  anmalized vector along P - F. 
that is. let 

P - F  v =  - 
.lIP - Fll 

whae (1 .11  demtcs tbe length of avcctor. Let 0 represent the usual vecm 
dot product Then V O R  rcpesents thc pjtaiOn of V o n t o R  measured in 
row unia. Adding the row codhate of thc piuCing point translates V O R  

~ f a e . t b e i m a g c ~ o c a t i o n .  [ p 7 ].ofapoint~canbccomputed 

p V Q  R + P, (2) 

7 = V O  c+ 7, (3) 

linear. Howtva. the two-plane famulation of me baclr-pjcccion problem 
*lac the infarmath needed to makc solving fa thc focal point location 
alinerrrproblan. 

imoimagccoadmcJ. 

using the equatioas: 

If F.R. C. p,. andy, arc all unlmown. then the resulting system is non- 

- imageplane 
grid i 

3 Linear Solution to the Projection Problem 
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Tbe sums znr. taken o v a  all the lined-sight vcdon (a. b, c. kl .  kz. k3 arc 
functioar d the V S C M ) .  

Now, by rating the daivativa of D to ZQO to find the minima, and 
putting the quatioar in rrrm form. weobcpin: 

h = A f  

Whcre: 

I=[!] 

3.2 Computation of the Camera Base Vectors 
E@wiona (2) and (3) relate the podtion d a  poiot in sp.ce to acomspood- 
ingimagelocatia~Therccquatiaucanbewrim~~alinerrysoem: 

L pr yr J 

4 Experimental Results 

4.1 Test Scenario 
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I I 0;2 I 1 Io366 Io.1661 
I 1.2 I 0 10551 [ 0.235 

7x10 I 0.1 I 2 I 1.810 IO.696 
I I 0.2 I 1 10350 10.169 I I 1I2 I 0 I o 5 0 9  lo.1a 
15x20 I 0.1 I 2 I 1.813 10.666 

0366 0.147 I I E I 1 0 . 5 3 4 l 0 ~ 1 l  

1.2 0 0.89 0.82 
5x7 0. 1 2 132 129 

0.2 1 0.95 0.36 

0.2 

4.2.2 caddor 

1. Wlror accnmdes cun be expected fim q# tk shelf cameras and 
I u w 7  



5 Discussion 

Modcling distatioa bcally matrts M assumption about the forms of 
the I a n  distortions. The bcal modclcan bemadcarbiearily a~curillc 
by simply -ling at man pixels. We have shown that relatively 
few poinu IECC needed to achicve the kvel of auwacy that the mea- 
surement devi- provide M m v c r ,  local modeling is more accurate. 
for solving both tbe projection and back-projcctim problems. 
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