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When the optical image stabilization is implemented by moving one of the lens groups in a zoom system, decentration should
be considered in the optical design process. Although it is partially possible to calibrate optical performances in an optical system
with non-symmetrical elements by using a lot of commercial software, the results of calibrating longitudinal aberrations have some
calibration errors because of the lack of precise consideration of decentered optical systems. In particular, the amount of distortion
in paraxial ray tracing is different from the experimental value because paraxial ray tracing in the optical system is not useful.
In this paper, in order to solve this problem being from various commercial lens design software, the set of equations of paraxial
ray tracing in a zoom lens system with the non-symmetrical elements like decentration or tilt are theoretically induced. Then,
the methods to calibrate the equations of longitudinal aberrations by using these equations in a non-symmetrical optical system

are presented. The method of calibrating longitudinal aberrations can in practice be used to correct hand shaking effects in a zoom
lens system.

Keywords: Geometrical optics, Aberration theory

OCIS codes: (110.0110) Imaging systems; (220.1010) Aberration theory; (220.3620) Lens design; (220.2740) Geometrical optics,
optical design

TE—mail: jhjo@hnu.kr
Color versions of one or more of the figures in this paper are available online.

151



152 3r=3gsks]x] A21dE A4, 20109 8¢

LM £

A2 A Sfoete] HEES
o] of So] ZbEm qtk WA et E-
ALY 502 AR 29k uff &EE Ao g olg 7 ek
FobAlel et Aole Bsh B 1 A1) ol 8
AR Ao7t glrk. B3| 2AA 71 Bkl A ol
wao] FEAA e}, oleieh wuo] o3t 52 A
5ho] A9l &EHY ZlEo] Fh|ete] JEEM ol Ach
& WA xah7| wzolth

o] Aot HHoRE AREFT o pEEEoA
So|y #FAIARS] w=E7=2l ISO(international standard

et 71ee] A% xstE

organization) FEE ol WY HEEKEEE 2ol U
o] St} o] HHE FollA 1SO AEE wole WHS AT
E7E kR oL, AEEEE sole WS A 249
Al T3 g FEVF R goBE o] S NE &

@at S22l Aot o)

guiu Y

wgks}r] $l8) Fhulet Azt
o o] 7% 715e ) % g

= aloﬂﬂl EUﬂ AR L
= Zh|Eke] SA]

jE. 0

2‘4;#}% ‘%*7\15 < 71EeRA
o]
AR

lo &

o [ O o ol - O
oz
B
N
i

T ol
3
of
>,
N
rir
oL
E
A=)
A
o2
')
IN
¢
o
oot
o
olft o
>,
N

2 AR AEE ofd 7 exaglSe
S 3 5 e Ao 2o} e o] oapacl
YA oxacls HYY extaglow s 4 k.
& ox}aole HAlE o7} o] tlal] A IR A
2 ox2A Y 9, S o4, 298 24 S| 9
‘11, olelgt eatof| o F& FH %5&4 A 912 w3k
Al vy 01891 H2of e iAol ¥
218010 2 A D]H]Ei(decenter) B E(tilt) 5°| %)
]

g3

r]r N ojo o & flo 10
o&

dl
=
L

Ul Q] BalAol| A= 2 eyl WAlEle] e}
E7} el i, BRE she diY %S wEs)
s

ol= =Y TAIA AT HAlE et "E] o
Wk A kol AR 4= Q. ey FekAle] o
o AlE & WA A £HE BAE St hlet B %
o] FFsHA oA = HAol o3t FeAEdS Age] A
3 FQv) 9k

E3F X FeHA AZEo|(software; S/W)2] A O
& =gy Aoy YA WAskHE o2t vt A &
olof| w2 FAHM(ray fan)i} 22 =2} U MTF(modulation
transfer function)@} Z-2 S Ay 52 A AARE 4=
AUk e AR S/WolA = ok HIthA exkacle] ¢
& F47 Aol AT AL A g v exka)

0y r Lo

(T A ol )

o AR B4 HThA FEHAGIA ol oAk A
o2 Aol get. webd WA vy gast
04 %#'1»@ AARIOF 3, 5o gjsel Aol Hei

5 TgAo] A= ﬁl*}ﬂ?q o} A4l
il% - °*EP =& AUollA wol ARESEL Sl=
2 3tQl Code VO] dH HAHE o] 7|
‘»];iﬁ]— AAA] field optionO 2 F3HFA ANE
785 EAIZE HAEE] wizoll e A9 Aol
olgfgt vt @xfof| WE F4A; AL Q7T Q= 6
9 WA SIWE AREsh= 7971 Stk S35 wAalel oJgt &
AHEAS Bk ol SAtEo] AEshAl Al4tEA] =
o, HAalo] ofgt eapsleFo] HA ApA o] ok ARIA,
AL Q5o oJgh AR weto] HA] ¢k 4= Qlrk ESF
NTFHAS sfjofdt stz AS71-8 FeA Ei= 7hde} Fst
AoA= o] EA7F o Azl =& St

g 338HdA Aol 4] H. HamanoL} S. Hayakawa“]sq
ATATET 2ol WY YoAol ha) 33 FAFE Ak
Sl 712 Aol $8TF 2= Slok. el 33 Al
Yop sape] Tagtolm FaiAel AF A Bk o
2L AR ¢t} ESF K. Tanakar} 1985@ o) A 348}
Aol et 2% 4L 7hes TEYor grEFl o
A} o] =2 oS ZFRE FHSAReL v eAkel e
U 2] Fat 74]4011 ek e A glok & s
[dlolX = 7k B WS o]gste] HAl FetA Ao of
3 Bl x4 % FEHOU, B =HolAk o} o=
woe] flol 2 W] EPHoR AN fudct
2 Aok 2 AS, %A AT g 2ol 23 5

4] mu} ofet F4:3} AR melstel BEHA o] HE
7} wlo] el thaA s,

TR AL ZAE st A 2 =Rol= £EY B

48 A W o WDl A YoisgE T

1119 ’E‘—(ﬂ QHE%Z”*]'— HOH/H H]EHX] _9_7(].‘9_?_]_0] ﬂf;':]% }\Hi
& S5 FAAE st ok Teja o] R
| wret ek ofe gatel Akstaa T,

I 12 F5A A4 oS 9gk agolck THst
o A7t 2% 1@e°liL, HH5ARe] 97t 18 1(o)elch

O

BAlol Gl ey WA SR A B
ofeh 4oz AL,
154 =-v,- Mu
Lh
Y-Y
YFO=-——"—2F
L _1L (1)
M, M,
M Ja-K
XFO = — (1-K)



(@E) A extagle] G By B3}

mkm _____ oo

(a) Symmetry Case

WQB&Q ) i

(h) Asymmetry Case

_ ¥, (tangential ray D} &S B0} OH L=y 715
(XYZ) Y, (F2H40] Db M0 BHk= T2l yEkE)

i D,
KAFBH ISl BOI g 21EER 2]
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FIG. 1. Schematic diagram showing the longitudinal spherical
aberration and the tangential astigmatism.
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FIG. 2. Refraction of a paraxial ray in an optical system with
the decenter and without the tilt.
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FIG. 3. (a) Refraction of a paraxial ray in an optical system
with the decenter and without the tilt, (b) a magnified figure
near the refraction surface of the paraxial ray at Fig. 3 (a).
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TABLE 1. Specifications of the first example in the patent
JP2006-284763

JP2006-284763

EFL 18.49mm ~ 193.63mm
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FIG. 5. Optical layout (upward figure) and zoom locus (downward
figure) for the first example in the patent JP2006-284763.
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TABLE 2. EFLs and magnifications of each group for the first
example in the patent JP2006-284763

LONGITUDINAL
SPHERZCAL ABER.

ASTISMATIC

g
FIILD CURVES DISTORTION

ANGLE (deg) ANGLE (deg)
_as.a 33.91
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+2z.m 122w

4 hsa 1 1e

T 1 T T T 1
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JP2006-284763 Ex01 Nikeon(£=18-200; Wide POSITION 7

FIG. 6. Calculated diagrams of the longitudinal aberrations in
the full-field at wide status according to the maximum
movement of image stabilization group for the first example in
the patent JP2006-284763(by using Code V™).
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FIG. 7. Calculated diagrams of the various aberrations in the
full-field at wide according to the maximum movement of
image-stabilizing group for the first example in the patent
JP2006-284763(by using OSLOM?).
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TABLE 3. Comparative results between the paraxial ray tracing (HMY columns and UMY columns) and the finite ray tracing (Y_FO columns
and TAN(Y) FO columns) by using Eq. (9) when the 3-2rd group (from 21st to 24th surfaces) is decentered by 0.146 mm, tilted by 6 minutes
clockwise in the condition of zero field being incident to the vertex of the first surface for the first example in the patent JP2006-284763.

THYHEA FAPAEA
No. YDE ADE HMY UMY Y FO TAN(Y) FO
1 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
2 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
3 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
4 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
5 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
6 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
7 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
8 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
9 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
10 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
11 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
12 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
13 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
14 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
15 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
16 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
17 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
18 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
19 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
20 0.0000 0.0000 0.000000 0.000000 0.000000 0.000000
21 0.1450 0.1000 -0.145000 -0.000565 -0.145000 -0.002311
22 0.1450 0.1000 -0.145028 -0.000690 -0.145028 -0.002436
23 0.1450 0.1000 -0.145719 -0.000525 -0.145720 -0.002271
24 0.1450 0.1000 -0.146664 -0.003663 -0.146665 -0.005409
25 0.0000 0.0000 -0.038298 -0.001986 -0.038296 -0.001986
26 0.0000 0.0000 -0.046240 -0.002355 -0.046239 -0.002355
27 0.0000 0.0000 -0.049773 -0.001364 -0.049772 -0.001364
28 0.0000 0.0000 -0.054683 -0.001364 -0.054681 -0.001364
29 0.0000 0.0000 -0.056593 -0.003527 -0.056592 -0.003527
30 0.0000 0.0000 -0.062941 -0.002395 -0.062940 -0.002395
31 0.0000 0.0000 -0.069646 -0.002406 -0.069645 -0.002406
32 0.0000 0.0000 -0.154158 -0.001584 -0.154158 -0.001584
33 0.0000 0.0000 -0.158911 -0.002406 -0.158911 -0.002406
34 0.0000 0.0000 -0.161317 -0.002406 -0.161194 -0.002406
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TABLE 4. Comparative results between the paraxial ray tracing and the finite ray tracing results for the chief ray of the full-field with wide

angle using Eq. (9) when the 3-2rd group (from 21st to 24th surfaces) is decentered by 0.146 mm upward, tilted by 6 minutes clockwise

in the condition of the chief ray of the full- field being incident to the vertex of the first surface for the first example in patent

JP2006-284763.

TS Qa2 A

No.  YDE ADE HCY ucy HCY CodeV  UCY CodeV Y FO  TAN(Y) FO | Y FF  TAN(Y) FF
1 00000 00000 | -26.362949 0537424 | -26.362949 0537424 0.000000  0.000000 |-27.456836  0.493204
2 0.0000 0.0000 | -25.288102  0.574726 -25.288102 0.574726 0.000000 0.000000 |-25.333934  0.513168
300000 00000 | -20.287984  0.886623 | -20.287984 0.886623  0.000000  0.000000 |-23.805690  1.044246
400000 00000 | -20-199322  0.680279 | -20.199322 0.680279  0.000000  0.000000 |-19.530614  0.716780
5 00000  0.0000 | -16.049622  1.055311 | -16.049622 1.055311  0.000000  0.000000 |-17.123000  1.864540
6 0.0000 00000 | -13.516877  0.687312 | -13.516877 0687312 0.000000  0.000000 |-12.987240  0.758198
7 0.0000 0.0000 | -13.379414  0.594506 -13.379414 0.594506 0.000000 0.000000 |-12.907159  0.615620
8 00000  0.0000 | -12.666007 0391140 | -12.666007 0391140 0.000000  0.000000 | -9.996897  0.427337
9 0.0000 00000 | -10.358284  0.126281 | -10.358284 0126281 0.000000  0.000000 | -9.468338  0.127992
10 0.0000 0.0000 | -10.206746  0.047648 -10.206746 0.047648 0.000000 0.000000 | -9.088724  0.068225
11 00000  0.0000 | -10.201981  0.182432 | -10.201981 0182432 0.000000  0.000000 | -9.048527  0.180741
1200000 00000 | -9.362795  0.497147 -9.362795 0497147 0.000000  0.000000 | -8.603235  0.570595
1300000  0.0000 | -8.865649  0.148951 -8.865649 0.148951  0.000000  0.000000 | -8.316403  0.131681
14 00000  0.0000 | -8716697  0.297498 -8.716697 0297498 0.000000  0.000000 | -8.044842  0.272945
15 0.0000 0.0000 0.000000  0.297498 0.000000 0.297498 0.000000 0.000000 0.000000  0.272945
16 0.0000  0.0000 | 0.148749  0.179448 0.148749 0.179448  0.000000  0.000000 | 0.136546  0.160776
17 00000  0.0000 | 0687092  0.282926 0.687092 0282926 0.000000  0.000000 | 0.618009  0.258106
18 0.0000 0.0000 0.715384  0.180548 0.715384 0.180548 0.000000 0.000000 0.646991  0.161176
19 00000  0.0000 | 1365357  0.156336 1.365357 0156336 0.000000  0.000000 | 1221249  0.139301
20 00000  0.0000 | 1.521693  0.296842 1.521693 0296842 0.000000  0.000000 | 1365373  0.271689
21 01450  0.1000 | 2266854  0.209829 2.412220 0210404  -0.145000  -1.002311 | 2.020598  0.187196
22 01450  0.1000 | 2277264  0.190620 2.422740 0191323 -0.145028  -0.002436 | 2.029935  0.169495
23 0.1450 0.1000 2.467858 0.184858 2.614063 0.185394 -0.145720  -0.002271 2.225874  0.164085
24 01450  0.1000 | 2.801493  0.358343 2.947772 0362039 -0.146665  -0.005409 | 2.513840  0.333560
25 00000  0.0000 | 6529922  0.180134 6.568166 0182139  -0.038296  -0.001986 | 6.073198  0.165997
26 0.0000 0.0000 7.250457 0.148770 7.296723 0.151158 -0.046239  -0.002355 6.589242  0.136322
27 00000  0.0000 | 7473612  0.068120 7.523460 0269505 -0.049772  -0.001364 | 6.928023  0.060888
28 00000  0.0000 | 7.718843  0.091203 7.773679 0.092586  -0.054681  -0.001364 | 7.090352  0.082778
29 0.0000  0.0000 | 7.846527  0.308774 7.903298 0312337 -0.056592  -0.003527 | 7.306280  0.303622
30 00000  0.0000 | 8402319 0218757 8.465506 0221176 -0.062940  -0.002395 | 7.604954  0.209754
31 0.0000 0.0000 9.014840  0.165031 9.084799 0.167469 -0.069645  -0.002406 8.008923  0.165753
3200000  0.0000 | 14.811135  0.108664 14.966723 0.110270  -0.154158  -0.001584 | 14.015467  0.108301
3300000  0.0000 | 15137128  0.165031 15.297532 0.167469  -0.158911  -0.002406 | 14340369  0.165753
34 0.0000 0.0000 | 15.302158 0.165031 15.456451 0.167469 -0.161194  -0.002406 | 14.497660  0.165753
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FIG. 8. Calculated results of the longitudinal aberrations in the
full-field without the decenter and the tilt for the first example in
the patent JP2006-284763.
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FIG. 9. Calculated results of the longitudinal aberrations in the
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stabilizing group for the first example in the patent JP2006-
284763.
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