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Abstract

An iterative method is presented to solve the internal and external
camera, calibration parameters, given model target points and their
images from one or more camera locations. The direct linear transform
formulation was used to obtain a guess for the iterative method, and
herein lies one of the strengths of the present method. In all test cases,
the method converged to the correct solution. In general, an over-
determined system of nonlinear equations is solved in the least-squares
sense. The iterative method presented is based on Newton-Raphson
for solving systems of nonlinear algebraic equations. The Jacobian is
analytically derived and the pseudo-inverse of the Jacobian is obtained
by singular value decomposition.
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ale9 ea re an al late ima el ati n
tati n rt e ein ataet ample
N ea re al late
1 1 1 00| 1 9
13 |3 19 3 090
3 |3 000|133 3[33 3|33 30
0 01 31 01 O
3 1 03 93 1 0339
3 903 | 0109 |3 0110
1 00 000 1 9 9
0 13 9 09
9 03 000 090 031 0
10 9 9 111 9 93 1109
11 |1 910 13019 19
1 1 1 1
13 |3 111 | 99 3 0 99 3
1 33 9139 33 9 39 31
1 31 31 0
1 0 333 00
1 1339 1 1113 0| 1 39
1 1 9 19 1 00 191

in pi el

r amera at



alel0 ea re an al late ima el atin
tatin3d rte ein ataet ample
N ea re al late
1 111 3 1 9
190 |3 9000 0 3 931
3 |3 0003 3 33 9|3 33
0| O 0 0 3
3 331 0 13 1 0
3 000 0 3 (3 99| 0
99 0 9
9 1 0139 9 0 011
9 03 000 39| 0319 3
10 9 000| 1390 9 11 13 9
11 |1 0 1111 31 1
1 319 0 000 319 9
13 |33 9 33[133903| 9
1 33 91 (399 0133 9 399 3
1 31 11 11131 3 01
1 33| 90 90 90
1 1 933 0 1 011
1 10 1 10 00

in pi el

r amera at



a lel1l amera parameter 1rt e ein ataet e ample N tet at
t eR Serrr are iven in pi el ilet e rientati n an le are iven in
e ree
arameter Stati n1 | Stati n Stati n 3
0 13 31
09 00 011 19 0
1919 1 3 11 3
- 1 -9 9 3
9 -1 0 -1 9
0 930 9 - 33
1 013 013 013
-0 3 -0 3 -0 3
0901 0901 0901
1 903 31903 -3|1903 -3
0 003 0 003 0 003
1 -9 3|/- 9 3|- 9 -3
3 - 3 - 3 -
31 3|31 -3/-31 -3
0 031 0031 0 031
09 09 09
R S rrr 01 010 013
R S rmrr 0191 01 019



