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222, 1. Initial configuration and finite ray aberrations.
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19 4. Final configuration and finite ray aberrations.
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X 3. Initial configuration data of triplet lens.

surface # c d ng
1 00774 6.5090 1.6204
2 .00000 22314 1.0
3 —.02437 1.5424 1.6166
4 08969 9.1517 1.0
5 .00000 2.8998 1.6204
6 —.04725 3.2781 1.0

Focal length is 50 mm; back focal length is 33 mm;
the F/number is 3.5; field angle is * 15°.

18 5, Initial configuration of triplet lens.
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27 6. Finite ray aberrations for initial configuration

of triplet lens.

X 4. Error functions for optimization of triplet lens.

error terms

number weighting

aberaations longitudinal spherical

constraints

aberration at d-line

longitudinal spherical
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astigmatism

tangential ray
aberration

sagittal ray
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distortion
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error of EFL

error of BFL

5 5/EFL
5 5/EFL
5 5/EFL
5 5/EFL
5 5/EFL
5 5/EFL
5 5/EFL
5 0.01
1 1

1 0.5

1 0.5




<AFEE> A=

p=5.0

[ V]

No. of Samples

NN

L
o L /é /%//%//

3 2 1 0 1 2 3 4

Log, S
2% 7. Distribution of the eigenvalues of (A7A) in
case 3.
Log, &/
0

¢« p=10x107?

v p=50
v p=50x10!
-1
*w\'
*y,
‘v,
‘v,
v,
‘v‘v
.
~
2 "w.'w
",
o S
gl Leausaesy leasaaaas 1ea,
0 10 20 30

No. of Iterations

213 8. Comparison of the rates of convergence and
the stability of the optimizations by three dif-
ferent damping factors in case 3.
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X 6. Final configuration data of triplet lens.

surface # ¢ d ng
1 00664 6.5090 1.6204
2 —.01609 2.0360 1.0000
3 —.03910 0.1542 1.6166
4 07783 0.9152 1.0000
5 .01876 0.2899 1.6204
6 —.03039 3.4559 1.0

Focal length is 50 mm; back focal length is 35 mm;
the F/number is 3.5; field angle is £ 15°.

13 9. Final configuration of triplet lens.
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1% 10. Finite ray aberrations for final configuration
of triplet lens.
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The method that determines the appropriate damping factor is studied for a lens design. When
suitable damping factor is applied to the additive damped least-squares (DLS) method, the convergence
and the stability of the optimization process are examined in a triplet-type photographic lens design.
We calculate eigenvalues of the product of the Jacobian matrix of error functions by using the singular
value decomposition (SVD) method. We adopt the median of eigenvalues as an appropriate damping
factor. The convergence and the stability of the optimization process are improved by choosing the
adequate damping factor for the optimization of a photographic lens. It is known that the numerical
inaccuracy in the calculation of normal equation is overcome by using the orthogonal transformations
of the Jacobian matrix. Therefore, a combination of the method for setting a proper damping factor
and the orthogonal transformations of the Jacobian matrix is good for application to the design of

an aspheric lens with high-order terms.



