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We introduce a new design technique by treating a two-group zoom lens system with a wide angle of view. First, the concept
of the global optimization is introduced in the initial design stage, and from this, the global design technique is completed by
analyzing and summarizing large quantities of modern design data. That is, we define the global structure function to achieve
a new conceptual design technique for global optimization. And the function is put in a simple form by referring lots of patent
data, manipulated with other algebraic equations, and solved finally such that we obtain the global solution region. The global
solution region corresponds to the global optimization and suggests insightful systematized directions for the design of two-group
zoom lens systems. These directions are attractive compared to global optimization.
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FIG. 1. Schematic diagram of wide angle 2-group zoom lens.



(A=) AAF2FE AR B2 27 & A=) A —

S 1A FIFES v 1Y 20 Y 30 AR
oh2 gale) W7 27 A=E AAGTE 29 29 T 39)
S ol e A WA 213 5 WA 22l A
ofo] o o] ik B2 gliute] qiek 1Y 2 B

3 1o gt FetEAd ol 52 & 13} 3 20f Yeht 9
20] gt FeEA ol &S & 33t

% X*E Zpo)7} vhal, 48 29] A= oF 24 % A=
tol7h "k &, oF 20 % A5 245 Ao/t g & &
;% Z 0|7} 34 52 300 %EbdE 4] ()T} 4] ()R

o] 2450 7PH2 Al HA &Hd k k)] o

A

24T S B0 Aolg Arun fs
oF 13

x

o)
AA

First Group( 51 ~ 58 ) Second Group( 510 ~ 513 )

FIG. 2. Wide angle 2-group zoom lens (Type 1).
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FIG. 3. Wide angle 2-group zoom lens (Type 2).
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TABLE 1. The data of optical characteristics for wide angle 2-group zoom lens of type 1
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Items Data (unit: mm)

First group -13.58
Effective focal length (efl) Second group 12.14
Lens system 4.00

F-number 1.79

Field of view 164°
sl ~ s8 29.22
s8 ~ sl0 15.13
Thickness s10 ~ sl3 8.23
s13 ~ si 11.63
sl ~ si 64.21

Back focal length (bfl) 11.63
Ist 1.6204
2nd 1.6204
L 3rd 1.6204
Refractive indices of lenses 4th 17495
Sth 1.4875
6th 1.7885
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TABLE 2. Seidel 3rd order aberrations for wide angle 2-group zoom lens of type 1. SA(Spherical Aberration), TCO(Tangential Coma),
TAS(Tangential Astigmatism), SAS(Sagittal Astigmatism), DST(Distortion), AX(Axial Color), LAT(Lateral Color), PTZ(Petzval

Sum). G1(Group 1), G2(Group 2)

Abbe.
SA TCO TAS SAS DST AX LAT PTZ
Surf.
1 -0.00002 -0.00577 -1.92178 -1.51490 -160.26775 -0.00134 -0.14150 -0.01158
2 0.00105 -0.10025 6.58771 4.46015 -141.98088 0.00449 -0.14276 0.03000
3 -0.00032 -0.04470 -3.12401 -1.71866 -81.05906 -0.00341 -0.16103 -0.00897
4 0.02076 -0.74031 13.55567 7.68943 -91.39714 0.01417 -0.16844 0.04201
5 -0.00012 -0.04504 -4.16458 -0.29004 -37.42480 -0.00186 -0.24006 0.01455
6 0.18844 -3.54262 25.48266 10.68238 -66.94284 0.03629 -0.22742 0.02899
7 -0.19928 3.47957 -23.49298 -9.99137 58.15357 -0.07799 0.45393 -0.02862
8 0.00003 -0.01922 2.44219 -0.23828 49.84149 -0.00282 0.58911 -0.01394
sto 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
10 -0.06357 -1.21441 -9.76861 -4.61273 -29.37549 -0.03220 -0.20504 -0.01797
11 -0.11394 1.43702 -8.07618 -4.04858 17.02071 -0.03704 0.15572 -0.01797
12 0.000956 -0.12951 4.61901 0.71639 -32.38268 0.00826 -0.37331 -0.01091
13 -0.17928 1.69486 -6.57576 -3.01520 9.50147 -0.06315 0.19900 -0.01091
Gl 0.01055 -1.01834 15.36487 9.07873 -471.07739 -0.03247 -0.03817 0.05242
G2 -0.35583 1.78796 -19.80152 -10.96011 -35.235987 -0.12413 -0.22363 -0.05775
SUM
-0.34528 0.76962 -4.43665 -1.88138 -506.31337 -0.15660 -0.26180 -0.00533
(G1+G2)
TABLE 3. The data of optical characteristics for wide angle 2-group zoom lens of type 2
Items Data (unit: mm)
First -3.66
Effective focal length = EI0%p
(efl) Second group 4.81
e
Lens system 4.00
F-number 4.50
Field of view 108°
sl ~ sl3 8.45
s13 ~ slS 0.61
Thickness sl5 ~ s24 3.02
s24 ~ si 9.22
sl ~ si 21.30
Back focal length (bfl) 9.22
Ist 1.7847
2nd 1.6968
3rd 1.6968
4th 1.6968
Sth 1.8045
6th 1.5807
Refractive indices of 7th 1.5891
lenses 8th 1.6968
9th 1.6259
10th 1.6228
11th 1.8052
12th 1.6204
13th 1.5173
14th 1.5173
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TABLE 4. Seidel 3rd order aberrations for wide angle 2-group zoom lens of type 2. SA(Spherical Aberration), TCO(Tangential Coma),
TAS(Tangential Astigmatism), SAS(Sagittal Astigmatism), DST(Distortion), AX(Axial Color), LAT(Lateral Color), PTZ(Petzval

Sum). G1(Group 1), G2(Group 2)

Abbe.
Surf SA TCO TAS SAS DST AX LAT PTZ
1 -0.00005 -0.00194 -0.10319 -0.08518 -1.18632 -0.00994 -0.06952 -0.04524
2 10.00001 0.00007 0.00737 0.00725 0.02032 0.00468 0.01314 0.0427
3 0.00000 -0.00004 -0.05837 0.00193 4.97334 0.00003 0.06355 0.01905
4 -0.00000 -0.00036 -0.10680 -0.09910 -3.20988 -0.00149 -0.04828 -0.05658
5 0.00233 -0.00034 0.22709 0.22708 -0.01091 0.00644 -0.00031 0.13487
6 -0.00103 -0.01998 -0.26397 -0.17810 -1.14848 -0.00502 -0.03237 -0.08028
7 0.02835 -0.11859 0.52015 0.40992 -0.57156 0.01462 -0.02039 0.21074
8 -0.00475 -0.07242 -0.38891 -0.14334 -0.72905 -0.01340 -0.06818 -0.01221
9 0.02926 -0.02689 0.06402 0.05853 -0.01793 0.00668 -0.00205 0.03314
10 0.00103 -0.00566 0.01328 0.00635 -0.01166 -0.02817 0.05176 0.00171
11 0.00027 -0.00792 -0.03598 -0.08791 0.86465 -0.00546 0.05371 -0.06764
12 -0.01217 -0.12148 -0.49897 -0.22940 -0.76358 -0.01765 -0.05873 -0.05620
13 0.04138 0.27336 0.74394 0.34260 0.75450 0.02652 0.05841 0.08430
sto 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
15 -0.04927 -0.35053 -0.96446 -0.41032 -0.97301 -0.04538 -0.10762 -0.07914
16 -0.00394 -0.00088 -0.00192 -0.00188 -0.00014 -0.05445 -0.00405 -0.00110
17 0.23622 0.26869 -0.32669 -0.25877 0.09811 -0.04668 0.01770 -0.13353
18 0.26116 -0.24995 0.35328 0.30012 -0.09575 0.12491 -0.03985 0.16248
19 0.02095 0.14909 0.38119 0.14537 0.34490 0.07443 0.17659 0.01631
20 0.02979 0.33897 1.34319 0.48612 1.84374 0.02030 0.07701 0.03421
21 -0.00181 -0.05203 -0.44737 -0.11535 -1.10418 -0.00499 -0.04778 0.03009
22 -0.02162 0.04413 -0.21699 -0.19698 0.13402 -0.02034 0.01384 -0.11105
23 -0.00002 -0.00199 -0.07002 -0.01636 -0.66339 -0.00107 -0.04324 0.00622
24 -0.10039 -0.04481 -0.17327 -0.16883 -0.02512 -0.02869 -0.00427 -0.09896
Gl 0.08462 -0.10217 0.11967 0.23062 -1.03655 -0.01720 -0.05927 0.16993
G2 -0.10137 0.10070 -0.12308 -0.23687 -0.44081 0.01804 0.03834 -0.17449
SUM
(G1+G2) -0.1674 -0.00147 -0.00341 -0.00626 -1.47736 -0.00083 -0.02093 -0.00456
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TABLE 5. Petzval sum for various kinds of wide angle 2-group

zoom lenses

Data Patent numbers PS (Petzval Sum)
1 U.S Patent 4155629 -0.002753
2 U.S Patent 4400066 -0.001166
3 U.S Patent 4540249 -0.003041
4 U.S Patent 4540249 -0.004411
5 U.S Patent 4540249 -0.003250
6 U.S Patent 4838666 -0.001702
7 U.S Patent 5339195 0.000704
8 U.S Patent 5485314 -0.002632
9 U.S Patent 5546232 -0.002235
10 U.S Patent 6025961 0.006963
11 U.S Patent 6078435 -0.000074
12 U.S Patent 6169635 -0.003071
13 U.S Patent 6229655 -0.016658
14 U.S Patent 6532114 -0.012346
15 U.S Patent 6762887 -0.004115
16 U.S Patent 6309882 -0.010757
17 U.S Patent 7061688 0.000241
18 U.S Patent 7061688 -0.002097
19 U.S Patent 7085068 -0.009260
20 Japan Patent 58 32683 -0.024686

N7 A, m Bk my= 123} 2320] dze] BAES ojujst
oh 2e 129 27 dxo) FARE o8 Aol & A
A7k EAIQIE 7 28 ARz BAE B Fshe A

o] 7tk =, oIS 59, 128 TAHE Ax5e| FAR
o] Bats Fdl 179 24E ez Aske Aotk 3k
Ae o volrt FAo| A=E BTt off 7t Hol|A] L=
SAES AR 24E =2 24E Zfoln=m A=t |
= Aolw FlAAR 7Sk Bk At JstE
(geometrical mean value)2 F|dl= Ao| E4th of7]A, 7]
SPEES FShe ol Akl ulsl) 7lskEE Hol A
HHOR o} AL EL o}F 2e B3 2UEY g
g e AAAom ekt F4tghS sl 771w
ofc. B 4 (8) chedt o] wRFh

ps— — (B By ©)

n, N,y

A7), n 3 n,= 7| EIFS Hat 1239 270 2HE
golth. & 1o]4 751 E e

& g n 3 on, I A
1.332, 1.3860]t}. o]& 7}'X]_]_ Al (92 AN S8 19
JﬂZt.'j_" & Ak B -0.005732.2 CODE V2 AKX

3 29) Aakel gkt 79 AXTS & 5 ek oi7]4] 9]
T} SH v ghe) AR REHE 2E Ao] ghe 7tk

A BEe HsHs Walo] Bgstths Roltk. Folpast
S Aols A §)2 A4 Aejshe et Zo] =

o,
ny
hy= — =k — ny PS ~ —k £ A= —yk (10)
n,
S
kN 11
TR TR (b

A71A, ny = n, TARS BGITE £ AL PS5O R
2t ko A5l & =2 &9 #ol 7HHE 5 S 9
gttt y= FERWMS(structure parameter)2f HEFIL 1 4]
7+ JHAC Aoz Bz 27 @l=o] AR

&
2

o & 8

k= —y k3 o] eI JeE AT 4 93 0| 3
shel, kg Mol A ol HAAL AAHHB the

A o gL 2L

rr oo rr

A geld *O—fl%}_?}-*r AP%?PE} A (10)25F P2z 2
+ A= 2852 3 go] xdA)

K=k + ky— dikky= (1—=7) k, + d,vE (12)

2] (4), (5), (6), (7) 2FE o 7+ AT d, = &3} Lol
Ae|H

DK— 1
d=="—= 13
1 K* kl ( )

A (123 A (13)S AREiA kol s sk o=y

Edy
(yDE— 1)K+ (26— K )k, — K*= 0 (14)
g —HC)E KVR ) H iK1

2(~DK—1)

A7) 913 4 (14914 1= 1
A 4 (158 ket 2ol

o — K+ KVIDE=3 _ —K— K\/4DK— 3 16
1 2(DK—1) 2(DK—1)

4 (6N the 7419 27, F ALRAUADK -~ 3> 0)



(A7) AP AR 34 23 &

|5 7HA 2L %LZ%W o7 F o AuEAL A
=0 19 19 49 Fazr 27t 4 mmo| B, Thef &
H 7} 3ufjebd 7P E= 2 A= 12 mm7A] 7o} 2
th a2d A (16)2 HE k 3+ 7] sl DK 32 AR
312}L 4] (16)9)l4 DE7} 19] 7h7to] 74d Zr4e2 Huo] o
oz Q3| k gre HAAHOR A DR DERE= 1Rr)
2% 52 323 A= ol Hojof 3 & S Uk
DE7} 29 9] k; e -0.134836 |1 DA7} 3 w|9] k,
A -0.0833330| B8, {9 19] Fopqhet vlasly] 9s)
DK:= 3%t} of7t 2 ke gt ojuksld D7) 333 A
=Y wf ko Fre] -0.0752600] Hil thgEHe 2HAYE
-133 mm7} 7] wigolth & 19 {37 194 1229 24
Adls -13.58¢2 F=35}7] Hidth

;g]g]g}tq 2] (1) - 4 (DI 4] (16)& AHE3te] K = 1/12,
D= 40 B2 DK, = 40/12 = 333 ] Fz}o] 23 Ed=
© e FAALLe 2R E ofefjof Zro] SRt mm).

k= —0.075260 &2 f,'= —13.3 17
ky= 0.075260 &2 f, = 133 (18)
D, = dy, + dy, = 14.71 + 25.29 = 40.00 (19)
D, = d,, + dy, = 44.14 + 17.20 = 61.43 (20)

3 19 AR =g} vlas] 27] 9j, CODE VE AR
sto] 8 19] 1V, NI 23N, ) ghe] AR
ARy &I N, 7+ AEAE N N—40600i
= 44.149} A9 GARE FHE 7S & 4 9k 1w
9 10] Azl Az AALo], =, 3 Hol el
FR7kR 9] ARzt 64209 W, M PRFRE AAbE A
o] D % 6143 o|B& A LTIl AR 2o Ashs
FAFKT ek AT 5 ek

AF7A Y =0l vlgo R s, P2 4 7} 10] of
d o] 4] (15)& cheat ol Held S glw HbAel

ZASE A ot Tol Hed

mﬁ N oX :{o = o
O

J1~>'

—K(2—7) = KV(2—7)* + 4(yDE— 1)

k= 2(4DK— 1) @D
pE> L (22)
v
(4—9)
T (23)

a4
)
i

325

DiK:

0.0 4.0 8.0 12.0 16.0 20.0
0.0

-0.1

-0.2

k1 -03-

-04

Gamma 0.8
Gamma 1.0
Gamma 1.2

-05 4

-0.6

FIG. 4. Global solution region according to structure parameter of .

g 4= —TLZ;Hi 0, 1.
20 %, 0 %, +20% E‘U%H Agkeld], wie- Sl AA
Weks AASEL ok FalE {3 1004 k31 ko 24F
zol= oF 13 % Aoty 1Y 45 AH R, g DA 7t
6% Fg 7IEo®2 DK kol A F7HelE 1749 =4
T kO g2 AL W3t gitk ol WA AIARSY] F &
s K7F 3=l Q& u, k Fholl= A ¥t glow
Al Al2" AA Dol D Fhek vl AXA "k AS 9]
sloE DKo W 3Wrte 37 eHre 2o Hrrt
)(—]X’]‘O‘]—,Q_ oL /\ olr;]_ ,\]_Al ;(I-O k 71—0 /K;(].x—] og 5;_153]
sl diioll Zt 9] Z8s kI ke 7 A g
Al =2 ok stch I8 oA BErobH 3< DA, < 6
w7t AHg o) 99 & 4= ok 017W DK, ¥%19]
A 32 45 ]dol sty wieich 2Hgk 87t
DK, = A5E 7|02 HB3xgS ou|sict. j_E—]Ui AR
o7 of7|gthH, 19 4= FFH Tl HolAuk o g 4=
sYallof & A3t thsfA= olE ARECH A A Ho]|aL F

22]Ql Alopg AF3h gk Aolth

AHAAL CODE Vi AHgstel Sasiala 2719 o
olE= &7 19] H=RE LML AA ]

el wlwzt W=7t 37} H30ck 47 104 1520] 40,
25to] 20 & 6ufje] LHA=Zat ;xngﬂx]u} 2z A
AR dlolde 12 230l 242} svid, & 10 vijef ==
TAAEA. i Bl e FrbEe] A=, 15h9] Y|
LR EC R T R I R I ES R i)



326 BFatEls]A] A20H A63, 2009¢ 12¢

TABLE 6. The design characteristics for wide angle 2-group zoom [ [ - T R
lens GEOMETRICAL MTF e Z: :::: E Z::j ::2 ﬁ ;
= — = - = POSITION 1 1.0 TIELD [ 43.00) 4561 1 *
Items | Optical characteristics Design specifications DEFOCUSTIG 0. 00000
1 Zoom ration 3 x
2 | Effective focal length | 4 mm (wide), 12 mm (telephoto)
3 F-number 1.3 (wide), 3.9 (telephoto)
4 Field of view 100 ° (wide)
5 Overall length of lens 72.70 mm (wide), 54.41 mm
system (telephoto)
Modulation transf More than 100 cycles/mm at MTF o
odulation transfer
6 . 0.45 for wide, middle and telephoto
function
angle. o
1 1 1 1 1 1 1 1 1 |

10.0 z0.0 20.0 a0.0 s0.0 500 70.0 a0.0 200 100.0
SPATIAL FREQUENCY (CYCLES/HMM)

FIG. 6. The characteristics of modulation transfer function for wide
angle 2-group zoom lens at the condition of wide angle.
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GEQMETRICAL MTF —————— 5 rimn ¢ 1ac0; | 587.6 MM 2

- -0 486. 1 NI 1
POSITION 2 1.0 TIELD  z0.001

DEFOCUSING  0.00000

Middle (efl = 8.6333)

e

Positions: 1-3
Scale: 2.00
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-

FIG. 5. Wide angle 2-group zoom lens optimized by using CODE V.
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2s o 2} DK ZRol| el ArgEch 13taf 2520 9F FIG. 7. The characteristics of modulation transfer function for wide
= = . il fL

angle 2-group zoom lens at the condition of middle angle.
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