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Abstract

Abstract

Imaging is the main theme of optical design. With the rapid development of
modernization, the demand and requirements for imaging lenses in various industries
are gradually increasing. For example, in the fields of photography, security, scientific
research, medical treatment, industry, and etc., put forward higher requirements for the
field of view, the aperture, the target image size of the lens, and the zoom ratio. At
present, high-quality lenses such as medium format and full-frame are occupying the
mainstream of the industry, but the domestic related technology level is at the primary
stage of development and the lens in the high-end field are still monopolized by foreign
countries.

The Gaussian structure calculation method of the traditional continuous zoom
system is difficult to meet the requirements of large aperture, long focal length and full-
frame zoom lens. This thesis proposed three optimization algorithms for continuous
zoom Gaussian structure optimization based on generalized Lagrangian multiplier
method, interior point method and modified sequence quadratic programming. The
zoom Gaussian structure optimization algorithm combined the given system parameters
with the primary aberration theory to construct a custom target optimization function,
and adopted a positive — negative — positive — negative - positive five-group structure
with reasonable aberration distribution. The universal parameters were optimized by
three algorithms to obtain focal length 0£30.356 - 100.243 mm, F/# 2.8 (constant), full-
frame continuous zoom system Gaussian structure with five moving groups, and the
advantages and disadvantages of the Gaussian structure of the zoom lens calculated by
the three optimization algorithms were compared and analyzed. In view of the
robustness of the interior point method and its advantages in high-magnification ratio
optimization calculation, this thesis uses the interior point method to optimize the
structure to obtain the focal length of 21.421 - 109.835 mm, F/# 2.8 (constant), full-
frame continuous zoom system Gaussian structure with six moving groups.

The actual lens group was used to replace the Gaussian structure of five moving
groups obtained by Generalized Lagrangian Multiplier, and the initial structure of focal
length of 33 - 100 mm, F/# 3.0 (constant), full-frame continuous zoom system with five
groups was obtained. By controlling the consistency of the principal plane of the actual

system and the Gaussian structure, the cam curves have good linearity. In addition, the
i}
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Gaussian structure of six moving groups obtained by interior point method were
subjected to the actual group replacement, the principal plane of the actual zoom system
was controlled to be consistent with the Gaussian structure, and the focal length of
24.67-107.00 mm, F/4# 4.0 (constant) was obtained, which is a reasonable initial
structure for a full-frame continuous zoom optical system.

Using the initial structure obtained from the above design, by reducing the
constraint on the cam curve (increasing the optimization design freedom), and advanced
aberration correction of aspherical surface was introduced. The focal length of33 - 100
mm, F/# 3.0 (constant), full field of view 24.42° - 66.51°, full-frame continuous zoom
system with five moving groups and focal length of 22.183 - 109.808 mm, F/# 3.0
(constant), full field of view 22.28° - 88.58°, full-flame continuous zoom system with
six moving groups was finally obtained. The full field of view modulation transfer
function of the final design zoom system have greater than 0.2 at 50 Ip/mm and greater

than 0.5 at 30 Ip/mm, meeting the full-frame high-quality imaging requirements.

Key Words: Large aperture long-focal length, full frame continuous zoom,
optimization algorithm, Gaussian structure calculation, optimization

design
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Figure 1.1 Diagram of the movement of Canon EF 24-70mm {/# 2.8 IS lens
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Figure 1.2 Diagram of the movement of Canon EF-S 18-200mm f/# 3.5-5.6 IS lens
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Figure 1.3 Diagram of the movement of Canon EF-M 16-47mm f/# 3.5-5.6 lens
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Hid=x,,-x,, Vf(x,)Rrn—"nHlE:

of of

ol oxox,
H(x)=Vf(x)=V(Vf(x)")=| + . (2.16)
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B S FA 404t v v 48 19 77 5 ——BFGS (Broyden, Fletcher, Goldfarb,

Shanno) ¥. AMRIE B FFR A T, BFGS A BAERERH —A Bk 2 FEREREL
TE A5t ) Hessian 451, R CREFAR 267 AOSIOE B, 2R R AL AT LAGRILE
TE e, T ELAE 73 B & W 4 E)) Hessian EFE KIS AEFE b, RRAARR NI TR

i Sity 5.5, (S +57:5%)

S =S, +(1+ 2.17)
e ‘ 71{5k 7/135k 7kTé‘k
A S, FRE k I BFGS ZiEH IR B, 5, A% k KA, 7 AE k1

KRG k AR EEE.

FEFAR 8 5 B BN B R B 7 T 7 S E R K A (A B AR T AE TR
T TR KA, — AN EEREKET UG- AR T RS, —E
SEAK, K55 SEEREFENGEOMRER LB PRAMERS
¥y B AR S 3 S Ze A4k o0 B0h 7= B S v DR, B AR TR IR 8% . ADTK
FI# R — RS 1R (Inexact Line Searches) HVELISRAFSKME. HIRL
R ETC AR — e R ZH B R b, A A x, 577 8 I LUE, Khr
Flx ) CAE K o RS, 4

X, =X, +0=x,+ad, (2.18)

NTAREN—A a i f(x,,,) FRRRBEN, —gRRM%E R BEETRIZE
REIE— AN, A TREZERE, BEROAR, f(x.,) BTl

S(xn) =~ f(xk)'i'ag/fdk (2.19)

3t o BUFHL, HEL o = 0 7145 x, ib AL gpd, (RIS & RO THE BT 940 46 10O,
RARTTIE, B f(x,.) BaXRMTE LR, HF o NRBRMER.
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S (X )]\

B2l flx,.)E5« RKERHE

Figure 2.1 f(x,,,)and & relationship diagram

SIAN—HEBH o, ARPEHEL:
Fx) = f(x)rpaghd, (2.20)
F@) = f(x)H1- plagid, 221)
e 0<p<l/2, MEWEL, %FHEEE o WIEA A RT iR, M
o MTUEREIE = F2 0, B% p WEUERE, FEANIMELAN, TR,
S o WETHE RRHERME) o i, 24
Fx0) S F (e ) tpagrd, (2.22)
[ 2 (6 +H(1- Pagrd, (2.23)
R S EEBEARAME, TR — AN TRHRIE. ERG AR, TR ERER
F A RYAREAUE . Fleteher™ L B T 2412 S4B % 18 R0 S8 F 5 56 7T g S
— Bk BN, ARSI T4 AN EL AN K AR S o HME
ARG, IANE-ASHe (o>p), B
gr.d, >ogld, (224)
i 0<o<l, ERALHTRESRSOATE p BERELEEMERN .

23 HWEE
P EEE R AR A SRR A R 255 v, T ARk R A E E
EE Y, HMERPPA R EEEE, SSHEER, BEELARMAAEES

11



PRAIEKERELEREEAFRARHTENA

A%, WRMERERIIES MR RS ANMEH (Convex function), FAIRZKM
THTE A AT AT IR 75 Jy o 2% 1) RRAR £ o SV I 2 SR K R AT PR SR AR TR U2
M, BIRHIRE —NEERESTERGREWAHRN R — N a EI L
MR R, ZRBERFE—MOEE. BTFIREERL, BN R
MR S REE, MEAFENRELATEFENFE (Global
solution) TRTERIFR4F LB, HI KKT (Karush-Kuhn-Tucker) 1. & x'
(2. 2) Friigk L R4k 7] B /= 3R A% /MEAF (Local minimizer) , A&

(1) a(x)=0 fori=12,...m (2.25)

(2) b(x)20 forj=12,...,n (2.26)

) FHEEHERT 4 4 1
V()= D Aa )+ Y 4V, (x) @27)
i=1 Jj=1

H1<i<m,1<j<n.

(4) Aa(x)=0 fori=12,...,m (2.28)
b, (x)=0 forj=12,..,n (2.29)
(5) 1,20 for j=1,2,...,n (2.30)

BEEEZENR, YRR NES, BiTEdR hfrE, Eid KKT
SR A RAL T EEA 2 R R REN RSB EFM . ARF B iRR ST
A HE—RAEMN, T KKT ZAACH RSB EE R LTS SR s
Ry, X (1) (2) WEOIHERTR 21, M (3) - (6) NIARAFFERR
PORRIRAL 7k, Hhat (3) n[BIEUL T Hi& B A % (Lagrangian)
L(x, A, 1) FIBEE:

L0 2o = ()= Y460 = Y b, () (2. 30

FECHRIR, AT T R E AL A X R, AR
REAMBRLEME, & xRN Q. 2) PR LR I ) B ME R (H
BRI , B A" g NIEARRA R B B B 3 7 4 i 17 =2

) (Bt AT TR DA e A R A, LS e HE L(x, A, ) BURCK:

12



B2 RERGBMNEEER

maximize L(x,A, 1) (2.32)
St. V_L(x, A, i) =0 (2. 33)
Hz=0

eAh, f(XDN=L(x AL ), Bk, EEFEETEES, TUEBEiE
L(x, A, 1) 5 f(x) WEERT R EE RS BIBIERIERER, —HEEFERK
HFFHBIEIEE (Duality gap).

IRTATE, SKRABPAL IR — R FEMEG Hir R, KRBT m. iHED
K. IFEHEHF AN EERITELESN LU L. 5HMEEMAR, K3
WItER B B A EE T ERG AN RS R R, THKENTHEER]
FHER LB RPUAIERAERERE. FZUMERR RN HIESE
THARATT R R o] SRR P AR AR B xR oAb U7 = i B,
i B AR BN S B AERAWFA . BB EUT ARt D BRIP4k il

min  f(x) (2.34)
St. b,(x)=0 for j=1,2,...,n (2.35)

FIEA S AR EE y=[y p, - »]» S RO BTy

min f(x) (2. 36)
St. b(x)—y=0 forj=12,...,n (2.37)
y=20

HA b(x) =[b,(x) by(x) - b, (x)]", BT ENAERFAZMFERE
(barrier) FREFFNEIRRH, w15

min £, (x) =f(x)—ri:1n ¥y, (2.38)
St. b(x)—y=0 forj=12,...,n (2.39)
o A B R A% B B BN -
L(x, 3,40 = f(9) =73 Iy, = 3 Alb,(x) - 3] (2. 40)
b(x)=0 i=1,2,---,n (2. 41)
W KKT &4, B:
V.L=Vf(x)-A"(x)A=0 (2. 42)

13



AR KILEKEELBREERFRARUTIERT

V,L==¥"1,+1=0 (2. 43)
V,L=b(x)—y=0 (2. 44)
A(x) =[Vb,(x)---Vb,(x)]" (2. 45)
Y = diag{y,, Yy s Yo} I =[LL--1]"  (2.46)

Bk VORI, M (% 0.4) BRI B EERM— AR (RALTRD

(A%, Ay, AR ) BIEE kot I YGEARAIRE (Xt Viots A ) F9:

X, =X, +0Ax, (2.47)
Vea =W T Ay, (2. 48)
Ao =4+ AL, (2. 49)

R o, B, B RIS R A RS . — R R IT A A% B3 MR
EHATIEE RS

i (X) zgk(xk)"‘sz(xk)Axk (2. 50)

A]’(TH (xk+1) ~ A]T (xk) +Zv2bi (xk)Axk (2 51)
P

b1 (x0) = b (x,) + A, (x,)Ax, . (2.52)

Y, A dp ~ VAL, + A My + VA, (2. 53)

RNER, BRRESE, AR

H, 0 A (o
0 -v7'A -I, |y, |=| 7 (2. 54)
A I, 0 AL yo)
Hrp
o,=g, — A4, (2. 55)
Vi =tY L~ 2, (2.56)
A =Y.—b (2.57)

BN g =0, 7R RO AR IE i 2 IR AL 13 U 20 SRk A, BPSRoR b
AR RARAY B AR BRI o, MUBE T BN R, W) B RS IR AR
YRR R BEE AR, SEbr b, BRI AL O BAR, o BIONSEENE, 51X
WS (x,, 0,4, ) BUESEATTERA (WD, #p - 08, ZEETR

14



25 BERGEMNEEER

e R B AR . FHCTT DO B B —RIE (x,, 0,0 4, ) KR TT T, BIFTSRAR
GacE
Ax, =—N;'g, +TN;AY ' I, + N AY ' A, (y, —¢,) (2. 58)
Ay, =—AN;'g +tAN; AV 1, -1, -AN; A Y A)y,—¢c,) (2.59)
A =Y ALy, —c)— AN ]+ 1, -4, (2. 60)
K, g R%E k WERBIFREBREE, A =diag{i, A, 2}, N RENEIL
AR
N(x, y,A) = H(x,A)+ A" (x)Y ' AA(x) (2.61)
H(x,A) ZH#% B HREH Hessian 4EFF. B HERREEERHPKMAE, BT
AT F—/MEFERIE R . B2 LR e R B AT AT A B AL, T
ATHE BN, BATFRENMBIEMAER N, #HTRIE, LR EEKIE
A A RFIE RE M
N(x,y,A)= H(x,A)+ A" (x)Y " AA(x) (2.61)
H(x,2)=H(x,A)+nl, n=0 (2.62)
PSIETE R RRI) . ORI B R 2 - A R S R T SR AR AL
7 (Nonconvex Optimization) """ RFE+4EL, EIHEH MR ZBAME— KL
N R -

24 FHZRMRNEE
JFF Z IR I P40 R B SR AR — YOHLRI 1 ) R AR AR R B k. B
FEUAT Z AR 7] R
min f(x)=%xTHx+pr (2.63)
St. Ax=b (2. 64)
BEHERE AN (pxn,p<n) ITHBEENE, R\BLEERETRELBE (Singular
Value Decomposition, SVD) Jii%, I H &M 77 TR 20 PR 44 7 -
x=Ab+[I, —ATAlf (2. 65)
A=UzV' (2. 66)
Aot AT BRAHERE A BIPEERE (Pseudo-inverse). ¢ A—MERE n HSEEME,

15



PARKILEKEESEREEARFER AR HTIERIT

SEREU . V ONPESERE (Unitary matrix). XRS5, FROVER A B SVD.
55

T 0 0 T T
L-ATA=V| L [VI=VV, (2. 67)
n—p
Vr =[vp+1:vp+29'“5vn] (2 68)

WlE V FOREERE V RJG n—p=r 3], WZEMERARNETS -
x=Ab+Vg (2. 69)
¢ EFR—A rEEEFERE. RERBH, R R RN

min  f(¢) =%¢Tﬁ¢+¢T p (2.70)
H=VHV' (2.71)
p=V'HA'b+p (2.72)

KRE—ATARAL R, S48 HATEEEM R, B HIRERE, W FES
R A

S|

x'=V¢ +A'b (2.73)
o ¢ AT FE He = —p HIfR.

SCHR[4, 914 P B T kM RIERIHE T AL LIt TR
VERRAL IR BR, 53— 2%l (Sequential quadratic Programming) M2 3EH A R
Bk . RRURT S T RIS T8, B E AR R AL R B I
AT

min  f(x) (2.74)
St. a(x)=0, for i=12,..,m (2.75)
K765 R AL BB 8 05 R TSR IBARAR, RS A LI hAs 197 H o 2

L(x,2) = ()~ 3 4 () (2.76)
MR KKT &4, % x" AZHARREN R RILE WAE:

V.L(x',2)=0 (2.77)

V,L(x,2)=0 (2.78)

W kGRS RE R (x,, 4,) » AU EHAE B R B RMRE (7,47 I

16



BRI, WTF—8RE (x,,,4.,) FREEEE, GBI —FrLel:

S,
VLX) * VI(x,, 4,) + V2 L(x,, zk)( 5

y

) (2.79)

(xk+1:ﬂk+1)EﬁnEi&)%%B%ﬁtﬁﬁ ’ Eﬂ—tﬁﬁ‘]‘%n VL(xk+15')‘k+l) ~0, Ijl‘lJﬁ:

J
VZL(xk,)uk)[é,x } =-VL(x,,2,) (2. 80)
IR E T R
W, -4 S, _ A/Ilk — &

A e o
W, = V2 £ ()~ 3 (4, V2a (x,) (2. 82)
A, =V, a,(x,) :[V)Tcal(xk) Vzaz(xk) Vzam(xk)]T (2.83)
8 =V.f(x) (2.84)
@, =[a,(x) a,(x,) - a,(x)] (2.85)

A W, g BH H BB 30H) Hessian 550%, A, RLAREFMFEAE, g, NEBIRRH
BE. R (2.81) AINS k-
W +g =A2, (2. 86)
AS =-a, (2.87)
BRI S, TTEM S, RN 2 BUT Z IR e 8= #8 fme U0 ik )0 5% AF -
min %5Tm5+5Tgk (2. 88)
St. AJS, =-a, (2.89)
Ab o RAERE, W, 2R REhikg B H AN Hessian %EFE, g, IR R EITE
E, A NRETERAREMEE, a Kb, BRE kNERARKMFS e AN
YRR ) RRE T $R 3 7 B — R RIE AT W (AR AT . TR, P
B YRR BARE TR YO B AR @ SRR —A Z ol in A
SR e B AR R BT BRI L, A 4 Z ORI B R Y AR G AR 1] R 5%
N2 —IEFRIEW, FIEEHE, BRI M7 HRE B iRm0 T FETE, mA
CRF TR R R SUE K BFGS RIEAR"" MW, BHTRIE, fRIETH
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MARKILBEKERSERREERR T TIEHRA

BERMERME (EED WU,

25 ZEMRUEERREESN

EREI A PN E IR F/#3. 0 BT E RGBTSR E IR
Hg=MB Rk, FRE—- N EENESTERS, FELELEELNE
MIGHE. FEHAEESE. TELRPMAEESHERES, ZHESFER
REER, BIRSMER. BR=FEEE A TR B b s Hi i
S, A= EREAMEET S B RRA K, FERA, TREEER,
TE A Rl 2 M B B0 A 17 R T o RO FE SR AL

TRT AR SRR B B SR T HVE B B AL S0E, TR AR
BARAG R, R R RLAR BA B 5 6 TR AR I\ B AR RS, X RIS
X, A5 TEM, HESNEFINEICEEES. AAORMMFEETE
H T RIRE LR F SRR, SAEREE, RFEMAAEHL. A
SR T RIEES R T AR E, CEREREH TR
Vi) B e ) VRS OR, FESRARARLR VRO AL 17 R AR AR R W S E R B PR
e 5 — VORI Sk R T LA B B OR B o S A B V2 AT ML TN, A 1
P, TS ESEIA BET A RN T & AR AL, AERIR
Felgtt 5 st R RA IS MR HE.

2.6 REING

AEBZEEMIR T KRB RTEE (GEWETE . AR, AR
FURIVE = A EE R EE P9 A B R B AL I R 2L BAR, JE0 i 1 =R
SEIE A SRS, AEHARTERGVBEEMRATH RIS EMANRSTE
J7 R T BRI
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3% LEMTEAYRGNENER

B35 HEMTEEAFRGSHER

BEAGFHTEONTERGRITRAEEE N, HABBRSTRERS
MG KRR, BN RENTHREFERE, ARERN, HLhFRES
BA AR B RAFEZER, MR £ RGBS L B A & T E R TR
B, HZERGHSHERNZE RGN LFITREERSERN, T
ENTERGRITERELANL. ABHEF TRHAEHEBERGNRENS
HORMEX — AL R R H A B

3.1 EERSELEHBTENZRE/N

BENE RGBT EERN S RRETERGZRIUEFHEER
X, —REIEHEME, FEAME, XS, 2HLIMER. BEAHEER
Giscrh e, WIERERAS2EREREARGEULIEBHEELLER,
FHRESGREEIEE, EAZRET ETRYE OGS THER R/ EE &
MIFR; RESNTELSES, £—. FHMIDLRESMRA LG & E
KA, EEENMERENE, FEENEHAMNARBPMITR: K
R F LB B/ ZSREVESRIBS AN EA R P° 5w Uit H S BH N L4 S
#; MU EARARNR-ANEAFEVRBENVIGEEY, REVIFENR
G G E BT

TREMFERGI) ZRHRRERMCFEHIRET L2 5E L TRRINK
FUETIA . FrEZ A RGN RTEL, WEELERGNIEEEERGESH
RE, SHEAMNHERE, 0/, HE, BRERSEER - PMEEREFHE R
. ZSLBUET, THEARSG S NRIE (B &EAEIRER AR Xt
TR THRE RN

G AME R LA 0% RGMIE R E L EERA R H 7 —
—IEAMMET ERG S UAMMETE RS, DA ERG NG, FHEME
REAMEZESNHRS RN TE 3. 1. B 3.2 fx. HPE3. 1 hREHaARe, . 4
2R ¢, HMERNENSA, B3 2 BEHREe, IMEHRY, HENE
ERf. FERR fimMNERNSEAME, TRR S REmSEHAMNE SR
MME. FE3.1E 3. 2 RERKEHIME S HAIMEBE RS, IEHIMER
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PR AR KEESEREERFER SR TR

AL GAMEEHUATES) (RMARESD, BTSSR ETE R DA A
B RE R, RN TR R AR A E RGO B K —RE A, X
N BT REA R

A 4 4,

T ’
[ ]
v@sgc% }%M:

AT M

[l

dlZl s dBl d34 1l

Y.

B 3.1 FAMBERG ARRBTRGACETEE

5

Figure 3.1 Diagram of the position of the wide-angle and the telephoto mode of the

positive compensation zoom system

T %
7 fa T T
T ¢\,\T %@A
S
iy, J; dy, %d%l

B 32 MAIMERERG AR RERGA N ENEE

Figure 3.1 Diagram of the position of the wide-angle and the telephoto mode of the positive

compensation zoom system

B AL GO F R AT LB 2., RIS
BEAEBKILS, 5% IR A B 2ol & B e fF AR e ELFE R,
4 Canon /A 7 ff1— 2k L *——FF 70200 mm f/# 2.8L USM, HA¥RHRE
RN TFE 3.3 fim. (ARRHEEY AR EREHNEELERFEELRKE
K, BOf—gwgk, FNEEHERELTEIRETRMZENL, ZKhK
bR RN T SRR ESHUERNRE, AR TR RESHASSBRERLE
HIVEH, ARIT R GR N K — BRI R G R
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F38 HEWTHEAFRERRIFER -

LO

DOE s P 1

i /lrm A M
\“ WY Wi iy

7#—711

LJLLJ 1BL___J
(IE) (IE) (ﬁ) (E) (.IE)
(8} : \\ )
VAR |
N& N N MMNMU |
| S L) | B | ]
(%) (Lmz) (Lﬁz) ('ig) (Lns-n

B 3.3 Canon A8 4&L—EF 70-200 mm {2.8L USM =X HE

Figure 3.3 Canon lens - Diagram of EF 70-200 mm f/2.8L USM

SALHBTERGEREMARAELTEIET RSN, WAL
TERGEM L — PR EEFATAMENB BE, #—P REERS
fiig, MXMESREITE TEXNEE. 2R TERFRKZA—BIENE
ERG, HARERGUEFEENTE, WIEERRXEGEHAEHENO (B
1EARF). FHTHAEFHE (FERE -AFEMMEAURSERERE), &
NREFASZ S RFGRELRFRERIE, WRAMEREAN TRERIER

FAKS, ZEAULMERSHEAANBEAMTEEMRERIAZ. BRI
M, ELHLITERGY RAHNBL LB LA R Z WL R,

& UG A AW T Bt e I Tk, SR ABREN T ST AR R (e i 2%
P8, WS IR, FAERE. B 3.4 5K 3.5 27&
AAAEEANHEIEHEN LEsER, mETE, WHEERGETIR
M T BB,

P

T¢l e + } 1 5
‘y?/ \ 4, \Y¢4 ’
] j

B 34 HALHBERGRTEWEIITA

Figure 3.4 Motion form of five moving groups of zoom system Gaussian structure
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PRI A K £ 2 EIR R ¥ RA R TIEBIT

T l

B 3.5 NAFREEHEsER

Figure 3.5 Motion form of six moving groups of zoom system Gaussian structure

EELL EEEME, /B RSk mg™ i, S8esh B PEEkL
TR T KER T

32 TEXZRHESIIELH PW REEE

BENEEREMAE RGN EESHZ —. ERTERGRITEERE
ZU T EA B S SR EE R R P SRR, BEEEELEES,
HIsE—. 5 RS EA EAS A RN SRS, HHRERGAIN
XA, WRBEZEARHEN P SW H. BAIRINT, RiEeFEk
W PWC 23", BHR P W SSRARITA LT H RKRN:

L Au u
P=Z}:( 1)'A;

Al (3.1)
n
ELAu, L u
W:Z(Al)'AZ (3.2)
n

Bt RAMPI BB ETRSH P W, CEn, BRRETRBIREERH
P. W. CFET GXHNT NERYIRGHTHENERE, GAFEEERX
), Hdh P WERP. WERHLE:
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F38E LEHERELTREANETEL

Sy = ih{‘qo?l? (3.3)
-
Sy = Z( h, !B —JH QW) (3. 4)
Sy = i(hizhiiwf‘Pi —2Jhh, oW, +J0,) (3.5)
=
Sy =3 (WgiP - wm@W+ﬁP%%wm> 3.6)
=

He i RRBHF S, JRRINHFAZR, h5h, 7HFRE IR
THPCRERE LIONSTRE, o RN TFHRA AN SR, KRE
EWak

p==——=~0.6~0.65 (3.7

HREBESHP .. W, 5P, WKkRZWT:
W,=W+Q2+wu, (3.8)
P =P +(4W" —Du, +(3+2)u’ (3.9
w R, w=u/hp . HP. WE5EP. WIHHXRDT:

P w
P=— W=

GEBERRS DAXRIEXTAE, P W EMEKFRTAR, 8%
—H RGP W STk, —AMEANE—E P 5W, BT R
RBGAAHOVREENR, P 5V RN ERKRAET LS5 P
W R RHEEREMNBBRE(RR, P°5W i EREREMRGEER
%, A TXBERE BN MR ST RS SR SR,
P, W= 15 P W AERIARSETE N ) T b % R G A A A R 1
fERR B, BRI P, W BEXRRTRGREP. W IR TFRIE
FERGH R LA R R EE RN RSN, KB AELEREERS
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AR KL KERELEREENFRAR TIEM I

IR 2 R R AR AL T E T E R ER A .

PLFE LA 30-100 mmeF/# 2.8 A% 22-110 mm-F/# 2.8 &HIlFIELZ LIS
R A NP RN R A S RA S G EMISHITE.
ErEE IR, ANSA ) (ERLAEHEREEgETEgEETEN 0, B
YA FEFmAL), BERSF/# OB E RGN REERE, W
KA RGN 2.8 MIIEERTLE), BT UARNHER—BRENANRE
A

hl_ (F/#) (3. 11)

Hoh £ RMET RS TERE IR A UL E A B TR RS 2058 — D
HEZFE LN A RN =

. h
U, —u, =— (3.12)
1
U =y, (3.13)
hi+1 = hl _di,i+lu; (3 14)

Hoop £ RN A AR . T R R TR RN G A RS K
VE. ATIER RGN, BOTERGEE. R, SREESHEAR
%, BRERBEIDENHAOL, AFEWE, ELHEHSNHEFE
RGNS =4k, HARNAEER AN, RI\SEARE
fE . TAIRE T SAR NN o

(3. 15)

~| —
~ ] —

=

TEHARNHASTEHEWS, S 2 BT RE A ERTHE, BxEd

1 RS SR BRI NBEAL B, Ho L /NER g D2 {E. X HLAR ZEAU

NN B RS BN, SERAR, WE HuesAREd | LAY

BRI — AR | EONSEE . B AR, A LURYE AR
FRGHWRFHAG RN

h
h,, =/ Entd [ .
» Inlf (3.16)
Hoeh Entd W NBERE B 45 4E 1 (OERES, A, AEEE (EEARCHETH A4 ER
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38 FEMTERFRAENERER

HEHERG, MK/AN 2L 64mm), f N RGEEEME. MH _HEAESE
1 ERINET A9

hlm
2
REFIF TR A RBIAREE HBCERAE S HE EMA N A RN R

u (D)= (3.17)

. h

Uy = Uy == (3.18)
/i

U, =, (3.19)

hmi+1 = hmi —di,i+1u;ni (3 20)

XBETHEm ELTHRAHNATERE ZHINNESE -t EMEASH. 1
HE5NEAEFEmrERBEEREASEMTNE 3.6-3. 7 Fizs.

groupl group2 group3 groupd group5 Image

L
u(1) =0 - o
1'(2) = u(3) 1'(3) = u(4yyu'(4) = u(5)

G 21.64mm

B wq) = u(2)- ] A “@hm ~~~~~~~ Eh H u'(5)
u', (1) =u,(2) .‘;’.r:x M \\-u' @ =u_(5)
B u', (2 X (4) } ’
/’ V

D1 D2 D3 D4 D5

B 3.6 AALHNBENERARHNEN

Figure 3.6 Five moving groups of zoom system Gaussian structure

groupl group2 group3 group4 group5 groupb
T @) = u(3)
u = ul
u(1) =0 w SR u(6)
A u'(3) = u(4) u'(4) = u(5) N
w8y 21.64mm
wll . ; m
u'(1) = u(2) <AvAm ] ;
ms IR 4\14(]6)\

u', (1) =u,(2)]

u' (P=u,(6)

D5 Dé

3.7 NAEFHREAERARIEH

Figure 3.7 Six moving groups of zoom system Gaussian structure
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PRKILEKEELSEERENFERF R TENA

33 TEAFRGMRWITEERRBNEIL
DA MR @21 PwC B ST E B AR A, X B w BUERM R B
W O W E BT SO, B U RS 2 KA LR R E I R i
Bk oSE
= 5 (3.21)
H =328~

A, =(Dl,+D2,, +D3,,+D4,  +D5, )—(Dl,+D2,+D3,+D4,+D5)

5
H,=> (', () —u,@) (3.22)
i=1
S
H3 :Z(H'I(i)—ll[(i))z (323)
i=l
5
H,=3*@'", O—u,, O +> @, O—u,, ) (3.24)
=2
S
Hy=3*',, ) —u, O +>_ @', () —u, )’ (3.25)
i=2
H, =S +5.+S; +8, (3.26)
5= S K
i=|

5
SZ = Z(hlshml¢3Pl - ‘]hiz(piznyi)
i=l
5
S3 = Z(hlzh:u(ols])x - 2’]hihmi¢i2uyi + qu)i)
i=1

5
5 2 h,
S4 = (hlhl::llga?f: _3']hmi¢;VVi +J2 ];'” (3 +lu)(p1)
i=1 i

W, =W+ Q2+ pu

P =P +u (4" =)+ u:(3+24)

1

u =u,[(ho)
H7=Z":(ﬁ+(1—1//32/)*f2—01j)2 (327)
Hy=(f*m— ) +(fi*m,—1,)" (3.28)

o Fhri. we tv mABIFRE i B4A. A, BiEn. Bk, TR
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Fi38 TEMTEAFRZRETER

NERHABNEE §MLE, By, WRFRE jMIEGH 2 MEMBNR, n RnE
HEHHE, ASSHERRMLSEE, R FHUTHEAHEN—I2E,
o, RAGHICERE, u RBEWBS MIMAT M m m, 73 HNERGETT
WA ERNORE, 1, f, RRonmERE. [ AumEiE. H RoriME ALk
YR, H,~HZrM EXR N ERRESRH ERRITE, H RS RARNEE
%2 (PWRRIE), P° W NI FELEERAFNELEESH,. H, R
SHHMERINTENRERGEBE, H, ARG SAERS B irERER.
GZEEEBTHEMRENE. BEESE. BERESRER, BELRGEA I E
HA:

f(x)=cH +¢,H, +c;H, +c,H, +c;H, +c Hy +¢c,H, +c H, (329
K e, ~cg BRAEMINERF, R (1-8) :, AIIHEHBETERFN mLEH
SHIGERES AR Z A E x0

X0=[f,fs. fs> Jor S5 B, B B By PO W2 W2 W2 W22 Wi, D2, D3, D4, D5] o

3.4 KRB

REX AR A S NHNTE RS 545 EH B g HM B E ARG
AT SIS, UHASS RAAEHTERGERMEWAR, 5IAVIZE
ZBRAMNIASS LR R BN EME T T EteHes B ER
G S BRI BRI 8. AR ERATE RS H ARt b iR S g2 1 SIS S,
BRI  E AR iR B0 9 R — 85 SEfe - BB e
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P KILA K EE S ERREFE RERITTIETI

F4E 30-100 mm BERGVREWRLITE

HRT LS E R AR L, NI RIEE SR B NIRRT ZER
B LE S BARATT EAE T KB Ao 1E U0 7[R 28 5 R R A S P 7 B AL —

(I25AE, 728 SR A 2 V8 B A T T SRR 0 5 AR AR R S0k R M i
&Léﬁﬁlﬂﬁ/«#'—ﬁﬁﬁﬁﬁiﬁﬁﬁTﬁ@%ﬁﬂiﬁtﬁﬁ: CRED Mk AE.

4.1 I~ XHEBAARTEERIGIETERGSHEY

MR, BB IEEES/ D REFTE-NESMVIGE, 4 HEER
TP Sk, BEBASENTESRLNEASH. M M AT
BAEXFERIIRE], W TERIEEAEE(E A 100, -100, 100, -100, 100, #
HZ g a4 (BFGS), MIMERFM R LS, #3—1MEHTH
MEFNTEGELCEE S TE. BRITRYIGEAEN:

x0=[100,-100,100,-100,100,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,2,13.3,30,50];
BT A SRR A A S | B 5 SEEEERD, B 6-15 XA HHEC
RREAGEAN P FIW{HIIRN, 58 16-19 KU HARREH 2 2154
3, HE4H 3 FIAEL 4, B 4 BB 5, B4 S BMRWEWIRIEE. NEERAIREE
B, FTEMRCS MRAMBERDIRNME, FIR 41T

£41 T XBREARTE-RERSKEAFRMS

Table 4.1 Generalized Lagrangian Multiplier method - Group and total length
boundary conditions

Mode D1 D2 D3 D4 Total length
Long focal length >=25 >=(0 >=] >=( >=155
Short focal length >=] >=0 >=0

HEENA, BRI AR
x0=[67.35, 2533, 5145, -145.79, 74.86, 9.045, 0.8114, 1.3977, 0.0868,
0.1, 2.2546, -0.3491, 1.3077, 3.1401, 0.1, 25.60, 18.98, 32.84, 52.59];
FEEMRAEEHER (mm) 1.52,65.20,43.49,8.33,39.38. RAKEmER{ER
/ANK 10024 mm, SN 3036 mm. KERSKN 159.19 mm, FE
i 157.79 mm, ASEIFEMXTALAERTF 2.8 A% . HRBEEITE 4.1
e SNBSS AR FLAK RN R 4.2 Bk

28



#£4%E 30-100 mm TERGEVREMEMTH

41 X HERERLREEA () BRZER, O)BEN A%

Fig. 4.1 The Gaussian structure of the zoom lens obtained by the generalized Lagrangian

method - image (a) is the telephoto mode and (b) is the wide-angle mode.
R 42 T hk B HRTE- SR AR SRR LS

Table 4.2 The generalized Lagrangian method - Focal length and relative aperture of each group

Group name groupl group2 group3 group4 groups
Focal value 67.357 -25.3331 51.4496 -145.7941 74.8594
Relative aperture 1:0.8 1:0.535 1:1.89 1:3.64 1:1.48

EHECHE T 0, BR4H 1 JBR4H 2 AHXT D ARECR, BRAARMBMIHEERCR, WitHE
BIEADJIAEAE, FTEERNA T RERB LBE . A EsirgiaE e
DEH, Z4WEE, B ITIEEREK, REETFE, HhiitEhg5iEmiaE
JRERIESA 2 A RERARR, I HERERGERERE LERREE RN,
X ML AR R ALAR ORI T B I

42 AEERUHETERGSHEN

W REEAESHERR . SRR b aF R M gk A T IRl =,
TR BT SCRAAR B H VRO E, FIRRIE BRI IE B R SR
AT UL BRI AR A ME— 1, BRATHEAL T W R A e RS
RIFFAT TOEAL, FEHRIMEM SO A4, R LU\ —AME BRI & B9
fift (i SO T %ATF) W SBI— N 2 BorHEE SR IN T 4 2 3 =5 A0 48 bU A4 1 i
fHECEEERG. R, AR ER:

x0=[100,-100,100,-100,100,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,2,13.3,30,50];
Hrih F e BT R 4.3 Bias:
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PRI KEELEREECERG R TERA

®43 WREBHRBRELFZMH

Table 4.3 Interior point method - Group and total length boundary conditions

Mode D1 D2 D3 D4 Total length
Long focal length >=() >=0 >=(0 >= >=130
Short focal length >=) >=() >=()

2 e R R E VR R B AREEEE A 25-100 mm, HANER 0.7. Z3EENAL,
BB TS

x0=[113.05, -37.47, 52.15, -118.83, 84.85, -2.757, 1.8765, 0.706, 0.2884,
0.1700, 1.9598, -0.1374, 0.921, -1.1848, 1.0746, 34.11, 26.85, 23.31, 51.40]
EREAEANVEAIEE (mm) 2.00, 101.16, 41.17, 8.99, 29.05. RE KA
B A/NH 99.85 mm, FHEEEHEK/NA 27.08 mm. KEHREDKNY 180.58 mm,
G R KTy 182.42 mm, ASHEIEFEMINT LA R FE 2.8 A, HaBERINE 42
Fr7s:

()

(a) EATES, OBEA kR

B 42 HREBERESLENSEH

Fig. 4.2 The Gaussian structure of the zoom lens obtained by Interior point method — image (a)

is the telephoto mode and (b) is wide-angle mode.

EAGHE IR E SAXT LRI R/ TR 4.4 Fios:

£ 44 ARE-BFRANEELMA LA

Table 4.4 Interior point method - Focal length and relative aperture of each group

Group name groupl group?2 group3 group4 group5
Focal value 113.0514 -37.4657 52.1471 -118.8328 84.8462
Relative aperture 1:1.168 1:0.54 1:1.68 1:3.25 1:1.82

EBE T L, B4 2 ARXT DR, X vk R, AR X FLR A ERK,
Bk B 0 R TR RIS W, RRERAE 2 |FEE M RIS BT
IR MR MBI T A AR 1 B Ak A H R R oK, HaRdl
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#F4E 30-100mm BEREVGRER AL TE

1-2 fE) s £ F A E 80, X OA7E SR Is B Bt o R IR P
5 m e M i R

43 FIZRRMUNEEARU A ETERGE SN

SCER[101241 5 ELME A T Z R EET S T REFELNwH, FRE, A
SRTE PR IR — XS, FATREAT T X EEN iR B st =ik, &
Pz B ST E I SR ROd 4 RIRR BB, — BIaS B R 4 ARk
— A AEE AR A, BE T AR VRS B, TR T T R TR R AL 1R,
FP3 Z R (SQP) BAEAE THRGERBHEIE T, @EidRK\E— kAT
B R e BB TR |, RIFFARMEEL —. BAGRERN:

x0=[100,-100,100,-100,100,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,2,13.3,30,50);

BHLA KN R EFEFEAEWEYGE, BANTE 6 fix:
R 45 FHZRIRE-EADRFG

Table 4.5 Sequence Quadratic Programming - Group and total length boundary conditions

Mode D1 D2 D3 D4 D5 Total length
Long focal length >=() >=0 >=() >=() >=49 >=120
Short focal length >=( >=(0 >=() >=(

g EENN, BRINTER:

x0=[138.78, -44.12, 41.93, -99.92, 85.23, 1.6369, -0.1237, 0.7590, -0.1342,
0.0754, -0.5208, 1.0841, 1.0917, 1.6040, -0.2275, 20.66, 0.26, 37.87, 52.30]
AL S ANEHIEE 3.267, 74.959, 15.420, 22.709, 34.198. RGKAEmEHRE K
/N9 100.034, FEEEIEE AR/ 30700, KAERSKAN 172297 mm, 5555 i
KA 150432 mm, BELEAXFLAREF 2.8 7%, HoamEITE 4.3 P,
EA GBI SHIRFLRH KM T % 4.6 Fi: |
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HARAIAEEESEIREEeE RERIT T

(a) (b) 4

W

B 43 FAZKRKHRMEREGELRTSEH

(a) ERBEE, (BN Ak

Fig. 4.3 The Gaussian structure of the zoom lens obtained by Sequence Quadratic

Programming —image (a) is the telephoto mode and (b) is the wide-angle mode.

R 4.6 I ZRMARE-FRACERERAXNLE

Tabled.6 Sequence Quadratic Programming - Focal length and relative aperture of

each group
Group name groupl group2 group3 group4 group>
Focal value 113.0514 -37.4657 52.1471 -118.8328 84.8462
Relative aperture 1:1.3 1:0.722 1:1.747 1:3.643 1:1.968

M\ SQP Friamli st BT L, %45 LB ATFAN SR D ARIEEER, HETdl 3-
4 TTEAESEM AR . B4l 12 15 A BB AL, XA xFIE
PR b R — R . T M S TAEREEUE, AR T AR R G A
(HEST AR RE B AR AR R .

SRR R 44 08, BREESERRARNEA, AR
LR FRARPNEE, PARFRRSEAERGREEE, PR R A

= — Group! of Generalized Lagrangian Method
= — Group?2 of Generalized Lagrangian Method
= — Group3 of Generalized Lagrangian Method
= — Group4 of Generalized Lagrangian Method
= — Group5 of Generalized Lagrangian Method
+—Groupl of Interior Point Method

« — Group? of Interior Point Method

« — Group3 of Interior Point Method

» — Group4 of Interior Point Method

= — Group$ of Interior Point Method
+—Groupl of SQP

— —Group2 of SQP

—+—Group3 of SQP

— - Group4 of SQP

—+—Group5 of SQP

T T O O O A |

Distance/mm

L 1 1
0 50 100 150 200 250 300

Sample Point

Bl 4.4 ZEELMBHR

Figure 4.4 Cam curve of zoom lens
AL, =REETE R L REA | SMBONIRIE, XM ERIERES DT
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F 4% 30-100 mm BERGEVHEEMITE

ZORAIE

44 ZMRUBEZGRILL DR

gL, ERLESEAEERIL T, MO RIER HPHr Ry ATk
BER R MR EER T RREUE, THMRHE R RFNEMNE. i, =
MO EEIE AR & B R R, Hb GLM BIEJE T RARFHEIE, WEoE
R, EHTHREANZER LR IEWEsRR SR &4 08D 17
, MAERGBIEKEE, REHERD, G TRERL/NELRT, W
RIEEEL, REMERAT LRGN E S, BRNSERERE, R
ZRKRK, REOEK GLM K, BIEN ZRFFIMRISREER, EEN
URFZFHAREGUR, BEESKH, BEIRHEH DERR. —MEEENH
TREFLRTSHRBER, FaEDIWR 4.7 Fis.

K47 =HRAEERSHSFEX

Tabled.7 Comparison of advantages and disadvantages of three optimization algorithms

. The Generalized . . Sequence Quadratic
Algorithm Lagrangian Method Interior Point Method Programming(modified)
Total length 159.19/157.79 180.58/182.42 172.30/150.43

Largest relative

aperture value 1/0.54 1/0.54 1/0.72
Aperture of group 1 84 97 106
Analvsis Smallest aperture with Larger aperture with Largest aperture with
Y Shortest total length longest total length longer total length

45 RENGE

RFERERT =R E—— XA H T (GLM) 8L, WA 7
B Z RN E AR BE A R EAIE N T, AT — 30-100 mm. F/#2.8. &
HIFESTERERMMAENSEORGER, M T =MEERATELSR,
AT A B, RIS HEE RE IR R 7 B A,
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HRAAAEKEREEREERFRR T IR

58 AARKEELEERTERERLRT

L EBEEHAEERGENSHSE LR A B RN A B K
B, WIERGGEEP. W7 . HMABRSHESHEPRERALRE
WEE, DA RASAR. SAENEMELREMEE. AEHRH
TERGEANTR PT 5V HRER, BHALNEERGER TGN
SERRYGEE A, SNERI A B R — A T

5.0 TERGEAZHWTRNEZERVBEHTE (EiER
BRI G ERIS N PrCER™S, prEwe E%ﬁg&.ﬂ:%%l@&ﬁp[—?Wﬁgfﬂ
LM, BFEEELFAGSANANSY, SMREREG NEEN P75
we, ANEYIEEAREE KA B A

WRTETR, FRESRENEREVIAGE R (GAFERE, HET
W13 & A0 e B TR E B A D WFN:

k

S, =Y h'olP » (5.1)
i=1

SH z( p1¢1 1)1 thQZW) (5 2)
k

Sy =D (B0 P, =2Jhh, oW, +J°p) (5.3)
i=1

3 3 ) thi
Sy zz(hh P, — 3”5#%”1+J'7;(3+!0Q) (5.4)

Hi i RpZBARFS, JRIRMAZRE, b5 h, SRFRE - HEL KR
TR EEE FMANHEE, ¢ BRTHRHERARN-ANSE, HRE
BWaE

k
> o/n
p=E %0.6~0.65 (5.5)

20
AIREERESH P . W 5P, W KEIT:
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#5555 KAKEE2ERERTERAGMNART

W =W="+Q2+un, (5.6)

P =P~ +(4W" -Du, +(3+2)u’ (5.7)
w IS, 1 —u [he . BBLIAT PP 5 W e RREIE, B R R
G EERORAEAE. RGN NASBELERN P 5w L
BB PR W R, W SRR P S W . R
FIRAHEE, WAE A 58 5 HAA S A S TR A A A, R4
AW RRER PP 5w lEE, RAREH RS AN SRS S BT (A
eardE) 1 P° 5w, —E R TR SR A A MR TR 5. 1
s

*x51 THEBEABENARSHREFSEH

Table 5.1 relative aperture of zoom system group and required lens reference number

B TLE SEF R T
KF (1/0.8~1/0.9) =RESGUE
1/0.9~1/3 “HERULE
NF1/3 —HEHEL L

BHN P 5w~ B ESRENKGEE SR L EER M REMR, R TRR
Ji{E, X E DL 30-100mm-F/#2. 8 2 EIFELLENERGRA 1 iFE 45,
FH—AXRESRAS = RRAAEN.

B A VEE N £, BSR A N R BN z6i(1): zfi2): zfi(3): zfi(4), &
BIZES AN 2. c4. c6, HEEISA H-ZKIB, WRAE &2 EHERR
#:

=1~ - D y=(r-1)(e12) (5.8)

h h
ARASBIE LR, Sy, FABRBESHZES P . W %5

Pw=JP()+.4—a(W°°__ 1

(a+1) 2(n+2)) (5.9

we =——Q2—— (5.10)
n-—-1
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AR KL K5 & EIE RS F R R B T

n 9
PO_(n—l)z[l—4(n+2)] (5.11)

b 02=c2-1. HILATLIREZHE PP 5w~ K. HEHNHSHT (V4
7T) PPEW RA:

P° =@’ P° + P, ++ @, P, (5.12)
W= =@ W," + @i W, +eeee +L Wy (5.13)
W, NA4, Bon o on ofERNzTI() L 2fi(2) . zfi(3)
2f1(4), FIRBHEANKREE Swefl, STEBEEEEE, 2NN
REERIE, FHL:
¢)KA+Z¢’ = (5.14)

i=1 I

B £ 18 e LI R O RIAL B2 RO :

k
_Z @, / Vi
Copp = —2
BE& gﬂﬁ&%

Bk g, B0 261 (1) EPRTER ISR A IR LR IR
HARWT:

(5.15)

1 1 1
¢1=(c%—*)/(———) (5.16)
v, i W
a=1+22 2170 (5.17)
n n,
3 9, 1 2
b= O — (1_%) "‘2(1—471) (5.18)
m—1 n,—1
3 5 1
(”1 1)2401 (”5 )2( §01 ) (5.19)
2
Pozc——l—)— (5.20)
da
b
=—— 5.21
0, 7a ( )
1 1—p —b
Wo=—a+ 0,+—24 (5.22)

2 3
F i 2 3R] BASRAS e A = A 1 A4 I 2R
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®s5E XLAKERE2ERRERSGMRET

c2=QO—2W'W0 (5.23)
a+1
Ad=c2+-2_ (5.24)
nl__
PR S el ) (5.25)
n,—1
b AT SR AR & 4 = R 2Ll KA
= VA (5.26)
CIX Qs
i
r2—62xg05§% (5.27)
K
%-—C3X¢EA (5.28)

SAMAA TR EE RSB TR, BTSRRI A I
S,

52 30-100 mm AEEHAEBEAXAEEEREBESTERFIRIT
52.1 WMETERGYIIREN

BT RIS, ASCIEE GLM HESEI —~ 4 iR 52 KGR (F#3.0).
33-100 mm ZESAR f B Sk SERR B AR 1 B AN IR AL . o T kS B Lz TRl T AR
HiEM, SBORTRK, AXERESEHEAETEFGEVHIRIEThEE, B

BMRAZRDEE—HRER, NS EHAX DR ZRZRE ST ESR
MOE, . 834 1 AXILEA 108, BT RILRRS, FRW=FU LS
b, B S5AATRNSREER N TEFRIEEGRE, G4 1 XHWUHADE
X B 2 HMALE 10.54, BTHEAARERSG, EENRFREIETEIE
K&K, HE WS 58 MG ER EMAN AR EEZLKR, H
SHFRGBBBETRERN, ATEFRESRAGESRGREEE, XMW
Bk, BEINWARKEGEH; F4H 3-5 HxFEDh, —RRHBRHAREE—
RFEgESEAEHANEN. BASISRNT. RiEd &AL ERRNAEESH,
Bt rgisk 20 & 4 v EoT DL o BN B3 AT (BRI S5 ), RE
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PRAILEKEELEHIBRENFRE R TENA

BEEA B P SRR R B R i R B 9 KR 9-3% 13 Bl

PR & AP E MR S P 5w BT RA N TR I, A
HE S g MR R . BEH1—— P°R9.045 5w~ 792255, BEITRE AN =
FrEEE I 3R 8-0.8, <17, <138, BJtEEEBL090.1:1.2:0.55: (-0.85)
T, REBRAEMELERKR (BEBEEN), HAH iR abiR, w

£s52 BH1E5HRSEHEER

Table 5.2 Calculation results of structural parameters of group 1

WETE 0 F1Mm SH2m  FE3m F4m O HSH O Hem BTmW  HEEW KoM
2R Aa1R

(mm)

435.675 -101.494 -312.160 69.133 -70.156 -1388.960 -72.032 -254.092 60.950

TRS20R, REH ﬁ%ﬂﬁumiAwm%Hzms.é AR AN-SK16, B
SHEARTUWERGER, JIAFBEEE, B4R cGHEmRER
67.357, fREVBEH I HASHINERS 3R:
*53 BH1EWSH

Table 5.3 Structural parameters of group 1

¥, ¥ V. v, ¥ v, V. ¥ ¥
Group 1 1 2 3 4 5 6 7 8 9
Radius 465.662  -108.474  -333.630 73.888  -74.982  -1484.494  -76.986 -271.568 65.142
Thickness 8.55 3.206 1.069 10.688 1.069 5.344 1.069 5.334 Variable
Material H-LAK4L+H-ZF88 N-SK16 N-SK16 N-SK16

g 20— P73y 0.8114 577 %-03491. M BENHES N-1.8. 02, B
FEEFEATEA 0.1:0.8:0.05:0.05 T, IKREBR AT ELEEOR, HME iR
PR, MTERLPR, RER ﬁ%ﬂﬂ%HKﬂSZm,iﬁﬁﬂﬁN-
SK16. WEARKTSHINTE 54 Fin, SINEBEEE, BIHIEHEHE

£54 BA224MSEHEER

Table 5.4 Calculation results of structural parameters of group 2

JHNT O S1E F20 H3W O HAmE ESHE Bem HI7E HSE HoW HI0E

FEREE

(mm)

1346.176 140722 -61.860 28.784 -39.035 69.274 -142.493 -39.035 69.274 -142.493
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#s5E KAKEESHEBETERGRARIT

FE{EZE-25.333, BRI5AH 2 BAESHU TR S5 ik
#£55 BH24WHK

Table 5.5 Structural parameters of group 2

Group 2 4 v, r ¥, ¥ ¥ ¥, rg 12 No

Radius 1458.447 152458 -67.020 31.185 -42.291 75.052 -154.377 -42291 75.052 -154.377
Thickness 325 2.167 325 5417 325 3.25 325 3.25 5417  Variable

Material N-SK16 | Nskis | H-K51+ZF7 | H-KS1+ZF7

B 3—— P 1398 5w~k 1.308. HTRRARAREE, SHWEE, I
BERBOERTRIOWAS, KEREIIEMENERN H-ZF88 5 H-LAKS3A. itH
BEASHUW TR S.6 Fin, SINKBEEG, B 48 AR H EEE = 51.450,
REGAH 3 ARSI TR 5.7 Fin:

£56 BEAIFHSEIHEER

Table 5.6 Calculation results of structural parameters of group 3

FETH H1ME E20 EI3H
HFRYEE (mm) 70.961 50.026 -76.088

R57 BHIEHBH

Table 5.7 Structural parameters of group 3

Group 3 I A ¥

Radius 69.343 48.885 -74.353
Thickness 4.886 4.886 Variable
Material H-LAK52+H-7F88

9 4—— P~ 0.0868 5w~y 3.1401. [FE, XASRHERERA, HAEZEN
HEEGRKRAE MELERRNMEE, FEMELEHN H-ZLAF7]1 5 H-ZBAF3,
HHEASHSHMTE 5.8 Fin, SINEBEES, Bl BUEicma EmEE
-145.794, B3I64H 4 BASHATE 5.9 Fis:
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R AR EESEREELFRE R TETA

#58 BYH4E5HSEHEER

Table 5.8 Calculation results of structural parameters of group 4

Yrita 1M E2MH 3T
REZE (mm) -259.655 -56.283 93.578

#£59 BH45WSE

Table 5.9 Structural parameters of group 4

Group 4 4 L) 4]

Radius -261.169 -56.611 94.124
Thickness 7.038 5.027 Variable
Material H-LAF71+H-ZBAF3

Bt 5—— P 0.1 5w~k 0.1, ITHBENIMZES )04, HIEETEN
0.9:0.1 ¥, REBKAEMFELERAKR, HMph iR pabBoR, RERPHE
FHEN H-FK71 5 H-ZLAF75A, S B8 N-SK16. 5INBIEE )G T A
AT, A4, BASHSHIN IR S5.10:

£510 BASEHSH

Table 5.10 Structural parameters of group 5

Group 5 4 7y r 7y Fs

Radius 210.329 -166.356 43.558 -90.283 -784.54
Thickness 5 2 5 5 Variable
Material N-SK16 | H-FK71+H-ZLAF75A

WRIEHE NS EALHEN, FH Py BEERRGERAT A NSHSE,
B LBOHRE, (IR LIL Bop P R R I IR A, TR BRI RSt A
NIRRT R A R . RGERBEHBRET Zemaxd T H B (S
circles), 182 HLBIFRIAIIRGH, T E 5.1 Ps:

!
il

& 51 HAEZVIHRER

Figure 5.1 Initial structures of five groups of motion zoom lenses 40
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Table 5.11 Initial structural parameters of five moving groups of zoom system

REWS REEH iR s B Tkt
1 FRHETE 204.967 8.55 H-LAKAL
2 FRUET -105.992 3.206 H-ZF88
3 FRAEE -297.622 1.069
4 FRUETH 64.410 10.688 N-SK16
5 PRAETE 464.132 1.069
6 PRUETH 103.939 5.344 N-SK16
7 PRAETE 214.711 1.069
8 FRHETE -192.431 5.344 N-SK16
9 PR 249.619 4k
10 FRAEm -347.431 3.250 N-SK16
11 FRUEE 52.587 2..167
12 FRHETE -150.126 3.250 N-SK16
13 PRAEE 34.017 5.417
14 FRUEE -1419.368 3.250 H-K51
15 PRETE -2708.071 3.250 ZF7
16 FRAEE 231.692 3.250
17 FRAETH -107.087 3.250 H-K51
18 FRUETE -148.019 5.417 ZF7
19 YR -328.752 A4y
20 J6IH 0.000
21 FRAEE 78.239 4.886 H-ZF$8
21 FRUETE 78.239 4.886 H-ZF88
22 FRUETD 91.486 4.886 H-LAK53A
23 PRIETED -76.619 4k,

24 FRAETE -261.662 7.041 H-ZLAF71
25 FRYEH -55.875 5.029 H-ZBAF3
26 PRAETE 93.415 Z54,

27 FRAETH 180.774 5.000 N-SK16
28 FRUET -179.323 2.000
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Table 5.11 Initial structural parameters of five moving groups of zoom system (Continued)

RERS FEEH S e |=5;:3 El
29 FRAETE 51.611 8.000 H-FK71
30 FrAET -100.904 2.000 H-ZLAF75A
31 FRAET -403.757 24k

ZHHEE R IEAE Zemax T, RN THIEEELEE 3 A, HAE
SR OH SRR S B A M B BT R AR £, BT R ER IEM B, RO ORE L
R B AR KR, FEEREE SRS E . RRHRARAE
SEIREBE, RASTINT SR A AR K 33-100mm-F/#3.0 28 fEE S22 F 5
SV, T 5.2-1 5.4 HRSAE F3.0 K F8.0 1500 T R K K A% 18 s 2 -
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Fig. 5.2 Diagram of telephoto mode and its transfer function under F3.0/F8.0
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Figure 5.3 Diagram of middle focal length mode and its transfer function under

F3.0/F8.0 0



%53 AIAKEELERRERSGMRT

5.0 10.0 150 20.0 25.0 30.0 35.0 40.0 45.0 50.0
Spatial frequency in cycles per mm

5.0 10.0 150 20.0 25.0 30.0 35.0 40.0 45.0 50.0
Spatial frequency in cycles per mm

B 54 AN EE KHEE F/4#3.0/F48.0 THHERE
Figure 5.4 Diagram of wide-angle mode and its transfer function under F/# 3.0/F/# 8.0

M4 72 F#3.0 LT, ERGWFIIEEREE 501p 4B KT 0.1,
FEFE 0 2P 4F T EHT R E R IER R MR M & SR =T MY 4 .

PR RGN RA @A, £ FA3.0 AT, HrHhdriidt
50lp Ab¥ KT 0.1, T7E FH#8.0 LA T, “FHERKEIIKRT 03. ;BB ERES
EARIE, REBGRERIF. AT RIE ARG EREmTEH, UK
Hiegh LB Ehig HRFESRImOMRiE, TR512-R5.14%
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Table 5.12 Principal plane data of each group at the telephoto mode

Telephoto mode groupl-2 group2-3 group3-4 group4-5
Gaussian structure 29.185 25.600 18.980 32.840
Actual structure 29.202 25.593 18.984 32.842
Difference (absolute ) 0.016 0.007 0.004 0.002

&R 5.13 PRRSEAT TV EEHE

Table 5.13 Principal plane data of each group at the Middle focal length mode

Middle focal length mode groupl-2 group2-3 group3-4 group4-5
Gaussian structure 16.755 53.653 36.340 15.477
Actual structure 16.798 53.630 36.351 15.467
Difference (absolute ) 0.043 0.023 0.011 0.01
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Table 5.14 Principal plane data of each group at the Short focal length mode

Short focal length mode groupl-2 group2-3 group3-4 group4-5
Gaussian structure 4.655 63.553 42.468 9.348
Actual structure 4.666 63.546 42.471 9.351
Difference (absolute ) 0.011 0.007 0.003 0.003
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Figure 5.5 Cam curve of five groups of motion 33-100 zoom lenses
BTN TR ERG BRI E R EE, HeMBENE. HAREKR/D. B3
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& 515 RALHBEERAARENVHEHWSH

Table 5.15 Initial structural parameters of five moving groups zoom systems with all

spherical surfaces

R FEEA i B ek
1 FRAETH -5.576x10’ 7.000 PSK3
2 FrRUETH -187.791 5.000 LASF35
3 ZRyH] 144.515 5.001
4 FrRUETH 481.875 10.000 BAKI1
5 FRAETH -484.213 5.000
6 PRUETH 158.494 12.000 H-LAK67
7 ] -147.993 1.000
8 PRAET 54.065 8.000 N-LAF34
9 PRHETH 176.214 A4k,
10 FRAETH 207319 3.250 F5
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Table 5.15 Initial structural parameters of five moving groups zoom systems with all spherical

surfaces (Continued)

RERS R i = B Rl
11 FRUETH 24.026 9.666
12 FrUETH -213.586 3.250 N-SSK2
13 PRETE 248.946 1.424
14 FrUEmE -220.405 3.250 H-BAKS
15 FRUETH 26.643 5.000 N-SF4
16 FRAETE 83.247 1.096
17 PR 187.240 3.250 H-K1
18 FRUETH 40.386 5.417 SF53
19 FrUETH 125.408 4k,
20 | 0.000
21 FRAETH 117.270 6.000 H-LAF54
22 FRAETH -125.584 1.353
23 FRUET 165.384 8.000 BAFN6
24 FRAET -32.655 4.000 H-ZF13GT
25 FRAETH -81.313 2k,
26 FRUETH 3225.222 5.000 ZF7L
27 FRETH 36.258 7.000 D-LAK70
28 PRUETH 210.702 G
29 FrUETE 80.358 7.000 LAKN13
30 FRUETH -375.828 7.959
31 RHETE 111.951 8.000 SK2
32 FRUETH -71.848 5.000 H-ZLAF53BGT
33 FrUETE -913.697 A4,

HTMELEEERRERRWIEFERAGNEERIES N IER. HE2
A& TS5 (A—&AEBE 4 %0, BRARMARENEEIEA, H
LML, EESHHANERLT, FH=FERROEE— LR EIH
Fe7 vk WABERFI ZXMREEGR DALz 2 HIREE KR (FH2.8)
ESRERGN RIS XEFREMRERLITFI R, WE=RFEERE

(PW F7m) BERIEN TR MEAX=FEERIN, RERER
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Figure 5.6 Diagram of the distribution of the minimum point of the objective

function without limiting the cam curve
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Figure 5.7 Diagram of the distribution of the minimum point of the objective

function under the limit cam curve

R516 NRHLEHETEERABRLMRUEASH

Table 5.16 The final optimized structural parameters of the zoom system without

limiting the cam curve

SR RIMAKA it B Ve B vy
1 PRAETE 87.995 15.000 H-ZPKS5
2 FRETH 139.993 6.292
3 AR 199.148 3.000 H-ZF7LA
4 FrUEE 83.671 3.670
5 IR AERR T 82.747 9.446 H-ZPK2A
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Table 5.16 The final optimized structural parameters of the zoom system without limiting the

cam curve (Continued)

RERT E it it B e =853 ek
6 PrdET 151.774 1.000
7 FRAETH 73.394 19.437 H-ZPK5
8 FRAET 3.713x10° 224
9 (=l € 3281 167.483 2.994 H-ZBAK7
10 PRAE 21.611 15.146
11 PR -90.383 1.000 H-K9LGT
12 e 42.745 3.461 H-ZF71
13 ] 92.884 6.543
14 PRAETE -31.757 2.754 H-ZK3
15 FRAE T 78.683 7.449 D-ZLAF50
16 PRAETH 65214 A4k,
17 Jt I 1.000
18 BIRAEERE 38.252 8.000 H-K10
19 FRAET 634.940 1.000
20 gl 248.676 2.273 H-KF6
21 FRAETT -258.874 3.000 D-ZF93
22 PRHET -163.496 224k,
23 PRAETH -56.065 3.643 H-ZLAF71
24 FRHETH 111.810 4.935 D-ZK2
25 bR -58.149 A5k,
26 UK 121.906 8.000 H-LAF1
27 FRHETH -43.203 0.999
28 i) 137.786 10.000 H-BAK2
29 FRUETE -26.386 4.000 H-ZLAF89L
30 FRHETH -1663.901 4,

Horp Bk AR R 0 2 T

7 =

cr

1 I-(+ )P

c ATHAMEBAAN, K AZIRMEHEE, o ~a, BE 2. 4.

......

8
ot +art var® vart o gt ot +ogr'

16 B R A

48



58 XEKERELERTERGET
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Table 5.17 Aspheric coefficient

R HL ST FEom E 18T FEo6 M|
4 -1.820x107 2 634x10™ -3.044x10™ 4.093x10™
6 2.112x10° -1.682x10° 1.080x10™ -4.113x10™
8 -2.453%10° 3.356x10° 2.265x10™ -5.813x10™
10 -8.504x107 2.024x10° -2.288x10™" 3.710x10™"°

*£518 HERHK

Table 5.18 Vignetting coefficient

7 S i I fadm

1.0 ¥ 0.228 0.505 0.429

BERSHAE (mm) MEERGE TR (RFEAS5GHEMES) Tk
5. 19 ATz

®519 ZEBRGHMREE

Table 5.19 Spacing between zoom groups of each focal length

é}f R o smos e s o g Gl a5 s B LR

mm
100 33.450 0.997 7.370 0.999 53.150
90 30.764 4219 6.595 1.550 52.694
80 27.877 8.010 5.896 2.097 51.740
70 24.650 12.543 5.264 2.622 50.342
60 20.489 17.689 4.584 3.300 48.860
50 14.817 23.592 3.741 4312 47.345
40 7.055 31.000 2.654 5.723 45.553
33 0.998 39.046 1.949 6.586 43.409

AR ARG B B, R Gtk v (AEEE 100mm) 4bJ2 K 9 240. 008mm,
I CREEE 33mm) &b K 236. 030mm, BAKEES, KPP rEEM NE 5.8
Fim. UL R A s BE vl A, T B AR AL R BT th Bk S MHE RN
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Figure 5.8 Diagram of the telephoto mode and wide-angle mode of the zoom

system without limiting the linearity of the cam curve (a) Diagram of the

telephoto mode structure (b) Diagram of the wide-angle mode structure

F-Tan{Theta) Distortion F-Tan{Theta) Distortion _F-Tan(Theta) Distortion

21.64 21.64 —
20.0 20.0 20.0
[ T} 3— Ll il
b pan k=] I~ faim
10.0 10.0 10.0
0 o o
-2.0 [4] 2.0 5.0 0 0 -10.0 ] 16.0
Percent Percent Percent

B 59 fom. F&. | ARHEEREE

Figure 5.9 Diagram of the distortions at the telephoto, mid-focal length, and wide-

angle mode
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Figure 5.10 Full field of view modulation transfer function(MTF) at 50 Ip, 30 Ip at telephoto,
middle focal length and wide-angle mode of the zoom system without limiting cam curve
linearity (a) Full field of view MTF of telephoto mode at 50 lp (c) Full field of view MTF of
middle focal length mode at 50 Ip (¢) Full field of view MTF of wide angle mode at 50 Ip (b)
Full field of view MTF of telephoto mode at 30 Ip (d) Full field of view MTF of middle focal
length at 30 Ip (f) Full field of view M TF of wide angle mode at 30 Ip.

100

= - g - —&—group 1
T — . g || srouw 2]
90 | —4&— group 3|
- —v— group 4i
c 80 |- ./ —%— group 5
£ o/
8 7l —
= -
Z o
A oeo B a .
- A
-.a
¥ —3———X —— A
50 | v ® - e\\z\' A ———
ey o
40 |-
30 Lt L 1 L L ' L
100 20 80 70 &0 50 40 30

Sample point
B 511 AREGEELTORAER
Figure 5.11 Diagram of the cam curve without limiting
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Table 5.20 Final optimization of structural parameters of the zoom system with cam curve limit

EJIE RS KLY HhZ 245 EE ek
1 FrRAED 81.476 14.495 H-ZBAF21
2 FRAETE 214.704 0.906
3 PR T 199.830 1.000 H-ZF71
4 PRAETE 74.942 0.499
5 AR 63.225 16.323 H-ZPK7
6 ARAETH 727.859 4k,
7 B UARRKIE 148.013 0.499 H-ZK10L
8 PRAETH 27.654 13.083
9 FRETE 172.288 0.500 D-ZLAF50
10 PRAETH 28.404 7.380 H-ZLAF92
11 ARAETH 54.968 17.328
12 FRAEH -36.578 0.499 H-ZK2
13 FRAETE 83.437 8.981 H-ZLAF76
14 FRHETH -155.569 254k,
15 | 0.499
16 (B1€ |52 3] 44.812 22.026 H-ZPK5
17 FRAETH -36.787 1.078 ZF2
18 PRAETH -92.070 Ak
19 FRHE T -245.891 0.500 TF3
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Table 5.20 Final optimization of structural parameters of the zoom system with cam

curve limit (Continued)

REmS RHEEH thEE ez B e
20 FRUETH 44.360 10.000 H-LAK11
21 PRHETE 123.959 A4,
22 A ARER T 72211 8.570 H-ZPK5
23 ARAETH -45.707 1.773
24 FRHETH -165.592 9.291 H-K1
25 PRUETE -22.459 7.004 D-LAF82L
26 PRAETH -140.152 ik

R IEERTE E X SR —8, SmIEERE AR TE 5. 21 i, HET. &
KT AunErE R TR 5. 22 FR:

F£ 521 EFREARH

Table 5.21 Aspheric coefficient

AEERTE B 2 ) 71 #16H %220
4 -1.464x10” 6.540%107 -2.501x10° -1.430x10°
6 -4.697x10™" 2557 x10"° 2.152x10? 2.807x10°
8 -6.602x107° 8.908x10™ 5.179x10™ -1.086x107
10 527110 2.252%10°" -1.362x10™ 7.507x10™

#£522 BERH

Table 5.22 Vignetting coefficient

) TR aiked I
1 0.199 0.402 0.508
0.7 0.054 0 0
0.5 0.022 0 0

HAERGEHERE (mn) EBERS)S LIERE (AREHEASBHKES) WTxR
5.23 Fi7N:
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Table 5.23 Spacing between zoom groups of each focal length

AEREE B 12\ B 23 e 434 RIEE B4 4-5 (R Ja LAER

/mm /mm /mm /mm /mm /mm
100 25229 0.494 3.585 2.959 81.499
90 23.738 3.413 3.261 3.248 76377
80 21.501 6.869 2.508 3.572 71.241
70 19.594 11.036 2.498 3.964 66.079
60 16.597 16.171 2.019 4.455 60.883
50 12.487 22.662 1.472 5.052 55.651
40 6.494 31.082 0.874 5723 50.396
33 0.495 39.069 0.499 6.547 46.459

R AR S AR A B R, REELTYG (FEEE 100mm) 4bEAKDY 256. 002
mm, JTAuE (EEEE 33mm) ALRK 235,306 mm, HFHEHAEEMOTNE S 12 .
Zeyd g iR R MR RE IO R GI, B ARt BB BRI SRR MR, 2R ETE
SRR BRI R A MERR, SERABEE (501p K 301p) KEFARREMT
5.13-5. 14 7R, W FAEEE R E& L Z WA 5. 15 fras.
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1 — S ima = e e
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Figure 5.12 Diagram of the telephoto mode and wide-angle mode of the zoom
system with limited the linearity of the cam curve (a) Diagram of the telephoto

mode structure (b) Diagram of the wide-angle mode structure
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Figure 5.13 Diagram of the distortions at the telephoto, mid-focal length(50 mm),
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Figure 5.14 Full field of view modulation transfer function(MTF) at 50 Ip, 30 Ip at

telephoto, middle focal length and wide-angle mode of the zoom system with limited cam

curve linearity (a) Full field of view MTF of telephoto mode at 50 Ip (c) Full field of view
MTF of middle focal length mode at 50 Ip (e) Full field of view MTF of wide angle mode at
50 Ip (b) Full field of view MTF of telephoto mode at 30 Ip (d) Full field of view MTF of

middle focal length at 30 Ip (f) Full field of view MTF of wide angle mode at 30 Ip.
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Figure 5.15 Diagram of the cam curve with limit
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Figure 5.16 Focal length 90 mm - F/# 3.0 MTF at 50 lp and 30 lp
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Ficure 5.17 Focal length 80 mm - F/# 3.0 MTF at 50 Ip and 30 Ip



¥s5E KRARKEESHEEERSMART

Modaulus of OTF

30109 150 200 250 300 330 400 450 300 07730 60 90 120 150 180 210 240 27.0 300
pa requency In cycles per mm Spatial frequency in cycles per mm

Bl 5.18 501p & 301p AbA=FE 70 mm - F/# 3.0 558 R %

Figure 5.18 Focal length 70 mm - F/# 3.0 MTF at 50 Ip and 30 Ip
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ARG, TR R BRI, 5] 32 TR S v B A A B — 2
ARG A A EE R, B IE 33-100 mm & EIRIEE B (FH3.00 &
gAr g Agr, HisshBARE, MEEMERF N LIN%, SRS, I E,
g REEK R E AN EERAEY, EATEEFR. kA i, RS
SVRBOR R e A R R SR I A

B TR £ R AU Bk &S, RAENAFE—EMNRREER
B, R HAEERT, N RGRABREMTRIE, REAGRRERSE T
— BT, REFYINAE RS AERRE AT, Bl B2 THE R
gEEER R, AR AR R T IR EE R, BRAAMERURE R 2R
Bt o He R i 2 L R BT I N R, IR /b K 235306 mm, 5
BRI T 2 S S M B N A 2, I 2R TR KT, Hadl
WA ER T ERMRTE, 501p AREIEE] 0.4 £, 301p ARk 0.6 L
b, AR REA BT 6%, HAPREIMNREEETE RGBS 1 T E
B e, MBS iz AR R, Rt .

IR R A E RGBS SRR, R R P e TE . AR
BIEFA AR E RS R NI 54 8 @A B, SEPRERERAE (F
E F D 2EEELETEE RS R EMNSE R EEAR SRS
i, BAZERGIEIT IERMNEIEFT 4 R R ZD BB S & Wi, X0
AT AR EE B TR e S R MR S M T SR A — A R B .

53 22-110mm ~AEZHEUNEEAA RS ERESTER SN
53.1 HMETERZVIREW

WMETTEFTIR, ER&EAR TRk EsE am U, A2 LISEI
SERAREE EL I 4 m iR K LR R R R ARSI, U3RER 2
A RG RS I AN HEET 4 45 BT A SRR A SR L, WEGE R A
Ve i@t B in—A4E 20, SREUE 3.5 MIIKshE AE A RIaa g/, FIHT A ik SEl
— & THE KRR (F/#2.8) 20-100mm & 872850 % R A m 450 o fe e it
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B, WIRENEE K EWRAER 100mm &S HEFE N BEZMVIEEIT -
x0=[100, -50, 100, 100, -50, 50, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 5,
5,20, 5, 48.8];

BT 6 NMURRRELEA 1 B5RAH 6 EHEAE KD, F 7-18 Mo RlFR R EHN P~
Fw=ERRD, 581923 o FonEE 2 BI5A 3, A 3 BG4 4, A4
B 5, G5 BB 6, R4 6 BIMHEEER, MHA 1 L ErRERE
HHEWITH (30). BAMB KA RS TEZSR, B ITE CHIRRK H
U, AREEEENEERINSEEETTEZ 2N EBE/NME RN —BRED
F&AE, WERNAER, —BEBRNESSAEENLR L, FrUBEAma
FEAMEAT RS BSEH MR, SRALAFMFIR 5240

K524 ARE-BRARBKEORFH

Table 5.24 Interior point method - Group and total length boundary conditions

Mode DI D2 D3 D4 D5 D6 Total

length

Long focal length >5 >5 >5 >0 >1 >0 =100
Short focal length >2 >0 >0 >0 >20

BERERNEN T MR &M, WEERFNKEEREER, —&KaT
BUNINE, XX TFRABGEFERTSAERE, HEXRELELN 5 FREE
ANE, 2N RERATE, B[R T8R:

x0=[100.03, -30.49, 83.35, 93.33, -61.60, 49.52, -0.99, 1.65, 0.0072, 0.077, -0.13, 0.47,
0.42, 0.0096, 0.74, 0.46, 1.16, 0.24, 17.79, 5.0024, 22.73, 11.75, 47.24];

Horhsg 40 D1=1.92, D2=84.39, D3=5.00, D4=31.11, D5=3.37, D6=30.59. &
Gk iR ERE RN 109.84, BKH 15476, AWM 2142, BKAN
156.28. AR RFFAHIILE 2.8 A& FAEHEIEE SHEN 2R
T 5.25 Pim:

R 525 WRB-BRAGRKEE KA fLE

Table 5.25 Interior point method - Focal length and relative aperture of each group

Group groupl group2 group3 group4 group5s Group6
name

Focal value 100.026 -30.494 83.354 93.331 -61.598 49.516
Relative 1:1.01 1:0.46 1:3.73 1:3.68 1:1.76 1:1.14
aperture
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Bief 2 MRS DR B, E A M LA AR SRR, AR AR FLARIE BB AL
HETR—B, AMEERIESH A Y BEGREFER EDR, fIUeMEHED
AE—HREE, BH 1 BEAENT 109 ~ 1/3 26, —fiEHZER,
(HREHTARIEE 1 EAEE 100, NBREHEHNBE R RERCAENS
K, BTk, XEER=EEE, W-REEESMARRAS. HA 2 HEL
BK, BT 1/0.8 MR B eI SUR &S A R F4E 3 MEH 4 FixfAL
BAET 13 BB, Jl o e IR mFER £ ol i 28 E T ENGE
(A IE, PR RPN BB — A SHA A . 34 5 S84 6 MW EHN T
1/0.9~1/3 2, BB 5 AAXILERD, ARAEESUREHS, T8
46, ZEIARIFNTELET 5 5, BEBBEM i 22mm FlRiEm
110mm, $EEALEBIESTERSERE, REaABRENCEN T MRS
R BRIk, MORHPREA SRS SMBENA AR, Itm AR B ERKIER

DR SR I R B ES S P 5w TR AN EDCER S, Wi
SR AR R, B 1—— P7N-0.9919 5w 04216, BT THEAIL
PG gl 2083 A 1.6 B, HOGEEE ALY 0.5:0.3:04 &, BT Hf ihZ
PR, WFR 526 Frn, RESEBEMEA H-KIL 5 H-ZF72A, H4EMR
9 H-ZK9B, PSS An LIS G ZER. SINSEEE)S, W gEpoEs
AR E 100.026, BRGA 1 RAESHINTR 5.27 Jio:

K526 S418HWSEHEER

Table 5.26 Calculation results of structural parameters of group 1

e s£—m HTH 0 FZW FEWNE Fhm W RUE

TEEEE
124.900  -100.049  -187.588  -720.563  -333.420 77.857 156.290
(mm)
%527 BA15HBH
Table 5.27 Structural parameters of group 1
Group 1 h H g ¥y Fs Fs r
Radius 122,777 -98.348 -184.399  -708.314 -327.752 76.534 153.633
Thickness 14.745 1.966 0.983 2.949 0.983 4915 234k,

Material H-K9L+H-ZF72A H-ZK9B H-ZKSB
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F5E KIAKERELERTERANET

B 2—— P2 1.6465 5wy 0.0096. & HHE RIUEM F RER R )y-2
0.1 5, BYEESEA 1.3:05(-04):(-04H)TF, AR MELERA, WT
%528 i, B—HREEHIEME AN H-BAKT 5 H-F4, B _AREHEMEN
H-ZF88 ;5 H-KF6. HEM RN H-ZKIB, FiiaS a4 LU 2 & EK.
BINBFE RS, WA AR FE{E £ -30.4940, FEIEAH 2 AES N
T 5.28 fTos:

%528 BH1EWSEHHEER

Table 5.28 Calculation results of structural parameters of group 2

rofi - - E- A - ST E' FE)NE  FEAm

2R -13. 234, -50. -206. -56
= 157.120  30.494 293.885 -25.54 492.723
% (mm) 703 569 186 632 712

F 529 B 28HSH

Table 5.29 Structural parameters of group 2

Group 1 4 ¥, v, ¥y 75 e r, 8 9 rl0
119.03 -10. -177. 373.28  -156.
Radius 23.102 -38.021  222.648 -19.349 -42.965
4 381 71 7 544

Thickness 0.758 3.788 0.758  0.758 0.758 1.515 0.758 0.758 0.758 4k

Material H-ZK9B H-ZK9B H-BAK7+H-F4 H-ZF88+H-KF6

ol 3 SRR RMIRFEERIERY), SHESINEY 4 RAREE 4R
LE——H PR 0.0772 5w~ 5 04569, BiLiHE, BSR4 4 spEsE —nh =
0.2, WEEHEN 03:07 F, B4 3 REH 4 WS HIMTE 530 i, K&

£530 G4A3RRHIEHSETESR

Table 5.30 Calculation results of structural parameters of group 3 and group 4

R B m  B_m  ®=@ ANE  HAE  BAE  BLE
TEEEE

(mm)

103.427 -103.427 171.705 1555.510 85.330 -125.756  -815.316

BT R H-LAK12 5 H-ZF62, B4 AN H-ZK9B. SINHEHEEE, @
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HE R R 3 A 4 IR A 83.3536 5 93.3306, BARSEIWI T K 5.31:

x531 FHIREH 458K

Table 5.31 Structural parameters of group 3 and group 4

Group 1 n r, r 7y ¥s ¥y ¥

Radius 102.827  -102.827 170.881 1548.044 84.921 -125.152 -815.316
Thickness 4971 1.946 1.99 0.995 2.986 1.99 i

Material H-ZK9B H-ZK9B H-LAKI12+H-ZF62

B 5—— P*9-0.1299 5w~ N 1.1565, @il BRI RA )y 0.05 1, H
BRI A 0.65:035 F, F MM EEKDNITE 532 i, BEMEDY H-
ZKOB, FRASEEEEMEN H-LAKI2 5 H-ZF62, Fi{SSHUEAT Lk 2 R Z
k. BIABEREREE, MidgiBREHEEHE-61.5977, [FRERH 5 AHS
TR 5.33 fivs:

£532 BAsSEHNSEGIEER

Table 5.32 Calculation results of structural parameters of group 5

Yo I B -] U] EXnii)
iR SE e
-95.44] -52.135 133.514 -105.903 -3519.859
(mm)

£533 BRAsSEHNSH

Table 5.33 Structural parameters of group 3

Group 1 h H 1 T4 ¥
Radius -97.636 -53.334 136.585 -108.339 -3600.826
Thickness 14.745 1.966 0.983 2.949 0.983
Material H-ZF72A+H-LAK12 H-ZK9B

B 6—— P*H0.4695 W 40.2439, BT EBEE KM EN-1.58, BNEE
AHE590.85:0.075:0.075 K, EH &M EASHIN TR 34w, KEEIFEME

BINH-ZK21 5H-LAFS5, Hu4EAE NH-ZKOB. 5IABIEEES, it miE
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B HEIREE49.5162, BRIBRHEKRSH I T RS ISHR:
Z4E ERBUEE R ANH LS EREESTENF REARNVIGEWME 521 Fixs:

R 534 B4 6 FHSEUHEER

Table 5.34 Calculation results of structural parameters of group 6

¥l o B FTE  F=m BUE  Fhim  HAE O FLE  FAE

R4
520.936  -38.840 126.539 -33.901  -1101.49  126.539  -33.901 -1101.49
(mm)
#£535 RAcHENSH
Table 5.35 Structural parameters of group 6
Group6 K r 7 ¥y s ¥ ¥, IS

Radius  525.312 -39.166 127.614 -34.189 1110.852 127.614 -34.189 1110.852
Thickness  5.042 1.008 5.042 2.017 1.008 5.042 2.017 A4k,

Material H-ZK9B H-ZK21+H-LAFS55 H-ZK21+H-LAFS55

i

T\ iR

521 NALFEEBENEREVIESEHRRE

Figure 5.21 Diagram of the initial structures of six moving groups of zoom system

LR AsE R EEERNSN TAT L RE S RET, EAER/IMS
BUNFEL T #A PWC =B EZEW, ARHTRERAFEEAT 2 EERIL
BRI ESR AR EIAT) 22-110mm ELE 5 FREL, KagGgE A EESE
EWRERKEE R EHTA¥REBER ENEREFELEEBEMEAREZRL
HAYRAR A ERE, DUABIBEARMEEN TS, FNRF I TESRESERECTER
G E A PN — 8. 2304, 55— 24.67-107.00mm. F#)9 4.0
%) 43 e ERESZENF RGN TE 5.22 i,
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B 522 24.67-107.00mmF/#4.0 £ HIFELREZRG A EE
Figure 5.22 Diagram of 24.67-107.00mm F/#4.0 full-frame zoom optical system
TEIT B 0 bR L 25 Y 28 N5 e P AR R A 1 e AR BRI AR IR IR Bk = = 2
%3, FESCHMTEEE JERkT O P iy Rgiek 2. HAdss 10 . 2 18-19 1 (Bf
59 B ). 5533 AR AEERTE, REUSAEIE 6 By, BIEAW IR
14225 = G 22 IUE B L3 B AR 25 T E R, BES R EE ARG ARSH
N 5.36 AR

%536 24.67-107.00mmF/#4.0 £EIBEEBENZERENENSH

Table 5.36 Structural parameters of 24.67-107.00mm F/#4.0 full-frame zoom optical system

REH T REFH a4 E R et
1 FRAET -1109.465 4.000 H-ZF6
2 PRI 91.419 15.000 H-ZK20
3 FRAETR 252.584 7279
4 PRETH 168.968 12.835 D-ZLAF50
5 FRAETE -776.906 0.162
6 FRAETH 64.905 12.545 H-LAF62
7 FrAETH 138.951 24k
8 FRUETH 103.589 1.000 D-ZLAF67
9 PR 24.925 16.320
10 IR AR BT -41.967 2.000 H-LAF7
11 FR{ETE -38.692 0.259
12 FRAETH -37.665 2.000 H-ZLAF2A
13 PRAETR 457.717 2.172
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# 536 24.67-107.00mmF/#4.0 £EEEETEAERENEWSE (£R)

Table 5.36 Structural parameters of 24.67-107.00mm F/#4.0 full-frame zoom optical

system (Continued)

REFS = Jiapit] a2 EE LYy
14 PRAETE -9619.156 9.737 ZFTLGT
15 PrRUETH -41.744 0.500 H-K5
16 Fr{HE -73.351 4l
17 JEHE 0.326
18 (: €| 325] 24.264 6.759 H-ZPK5
19 IR AREKTH -28.243 0.198
20 FRUETE 29.011 4317 H-ZK3
21 FrAETH 1464.685 0.099
22 B 83.741 3.000 H-ZK20
23 FrUEE 23.884 4k
24 FrUEE 31.168 6.559 H-K9L
25 FRAET 27.748 0.096
26 FrAET 36.305 4.050 H-K11
27 FRUETH -18.510 1.000 H-ZLAFI1
28 FRAETH 24.927 AL
29 PR -62.492 0.499 H-ZLAF71
30 PRI 438.861 2272
31 FRAETH -27.830 0.899 H-LAK6A
32 FRAETE] 29.818 24,

33 (€ =241] 120.778 4254 H-ZK4
34 PRUETH -26.898 7.318 ,
35 FrUETH -44.946 3.532 H-BAF5
36 FrUETE 22.533 7371 H-ZK7A
37 FRET -167.109 AL

HoA R R AEBRTH & 0 F -
_ Cl"2
1+4/1-(1+k)c?r?

4 6 8 0 12 1 6
z roar’ +art o ot o’ ragr”? +art oy
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Table 5.37 Aspheric coefficient

AEBRT T 2L 10 TH 18 TH 191 33 TH
4 1.866x10° -3.424x10° 1.040x10° —2.273%10
6 -2.455%107 -3.267x10° -1.203x10*® 3.164x10°

b3k 24.67-107.00mm. FA 4.0 ESBEF RG HEBRE (MTF) £
1F 50lp 43K T 0.35, 4337 301p &K+ 0.6. ks, H A &) A S0lp
R AR R R TR 523 FR, 8T IE iR RS m e i — 20,
REIEEHHAR G ERTECEAGRBSHMNE L, TR 538K 540
o0 1 B BB T T B M S v 0 45 A 3~ vl () PR 2
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Figure 5.23 MTF of full field of view 24.67-107.00mm, F/# 4.0 full-flame zoom optical system
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£ 5.38 BEmSEHEFEEEE

Table 5.38 Principal plane data of each group at the telephoto mode

Middle focal length mode groupl-2 group2-3 group4-5 group5-6
Gaussian structure 50.250 17.786 22.733 11.747
Actual structure 50.059 18.017 22.846 11.625
Difference (absolute ) 0.191 0.230 0.113 0.122

£ 539 PERSEHT FEEE

Table 5.39 Principal plane data of each group at the Middle focal length mode

Middle focal length mode groupl-2 group2-3 group4-5 group5-6
Gaussian structure 35.979 51.586 26.986 7.493
Actual structure 35.472 51.219 27.204 7.666
Difference (absolute ) 0.507 0.368 0.218 0.173

R 540 T AMERAT T HEE

Table 5.40 Principal plane data of each group at the Short focal length mode

Short focal length mode groupl-2 group2-3 group3-4 group4-5
Gaussian structure 2.967 83.586 31.014 3.365
Actual structure 3.713 83.629 30.323 3.572
Difference (absolute ) 0.745 0.043 0.690 0.107

A, SERREEAH P IA S S a0 Z A K, X — M E Tl st
RN ARSI, BWERARRAGERSKERR, BERSGHR
ZNT UL WIS E3R R o B B3R w0 P e DR A SR 18 30 110 7o B 8 A 2 6 R T4
BETFHEREZN, HEARGHEIMLS silnd 8 —8uE i A T8 214,
SHFAE LK BEMHR (R MELTEAERG, HEFEERSREN
2% B DIPTSR . Wrh AR BINAEERTE, 340 TR E TR B B . Bkt
WG REL, REZAEFTELREEIREIEAN 5 E2EW, BT
BB (FHRIER]3.0), AT HE—B5I 5 HRRREHL, Kz (FH3.00 &
HIFELTELEFERF R, SRR T RANEIITER S Rl — S A i
KRRERIRRE], LISRBET Wit 26,
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532 RERHERK

FILL 24.67-107.00mm. F/#4.0 A ERELE 6% REAPIRGE L — D0
fh, [EIFESEHIT f o K2R B AL 6%, 7] LA H]——22.183-109.808 mm.
F/#3.0 A mIEELA SRS RS0 T Bl 5.24 B

it s AR 109.808mm. F/#3.0

R HEFE50.002mm. F/4#3.0

I EERE22.183mm. F/#3.0

524 22.183-109.808 mm. F/#3.0 2 ERESETENRFE RS

Figure 5.24 Diagram of 22.183-109.808 mm F/#3.0 full-frame zoom optical system

HorR B R R AR RN TR 541 fin, Rl TiakiE
H¥ (MTF) 72 50lp 9K T 0.2, 30lp 43K T 0.5, W FE 525 fion:

541 BHERE

Table 5.41 Vignetting coefficient

W T H £R 3 ity
1.0 #47 0337 0.454 0.451
0.7 W% 0.153 0.077 0.023
0.5 W37 0.091 0 0

ARG BAREEM SN T 3R 5.42 s
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Figure 5.25 MTF of full field of view 22.183-109.808 mm, F/# 3.0 full-flame zoom optical system

RGBS NN 3R 5.42 Fios:

# 542 22.183-109.808 mm. F/#3.0 & EIEEETEAZRELEHWESE

Table 5.42 Structural parameters of 22.183-109.808 mm, F/#3.0 full-frame zoom optical

system
KAHwS RMEH AR =83 Ly
1 FRvET 104.276 5.000 H-ZF62
2 PRI 74.355 9.890 H-ZK9B
3 FRUETE 108.677 0.999
4 BwkAEEkE  96.023 10.000 D-LAF050
5 FRUE 234.451 254k,
6 ByRIEERE  96.711 0.999 | H-ZLAF68N
7 FRUETH 26.209 20.880
8 FRVET -81.994 0.999 H-LAK61
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542 22.183-109.808 mm. F#3.0 2 EIEEEDENERREHWSE (8D

Table 5.42 Structural parameters of 22.183-109.808 mm, F/#3.0 full-frame zoom optical system

(Continued)

i FimEm & 40 J=8; 3 KL
9 FRET 70.826 2.897
10 FrET 90.846 9.396 ZF13
11 FRAETD -58.637 2.000 H-LAK6A
12 PR -354.084 Ak,
13 S BRI T 0.999
14 Bk deskm  41.020 12.118 H-ZPK5
15 ByxdEskm  -70.193 2.195
16 FrHETH -102.441 2.000 D-LAF79
17 FRvETH 127.702 1.000
18 PrAfE 50.640 3.609 H-ZK4
19 PR 88.479 AL
20 T e 37.944 14.692 H-ZPK5
21 FRAETH 29.677 1.000 D-ZLAF81
22 e I -61.063 4
23 FrdfEmm -39.413 2.000 H-ZLAF68N
24 PRy 36.991 2.799 H-ZK20
25 PR 56.829 4k
26 BwIEEkm  37.558 9.343 H-ZK50GT
27 BkAEskE 32,956 10.336
28 FrRAETH -23.280 4.989 H-K5
29 FrRAET -14.832 2.000 H-TF3L
30 PRAETH -45.624 A

TERGRA FA3.0 S R YeE BARERTNIE 5 50 (B M SHE ), R
GrEmgiBERKARZES, FEIATN RIS 5BREZERFARIE, XEIEK
T [ S R AR BRI, He AP 3 14415 0I5 36 26-27 B TR A8 RAS R,
R TR A AR BRI, 78R A AERR T R ZE R B R T RSB R &
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%55 KNIEKEELBERETEARLALRT

DL E 48 AT I P4, BARSEUN T 3R 5.43 B

# 543 FHRERHE

Table 5.43 Aspheric coefficient

JRERTH B 4 6 8 10

84T -1.787x10%  -4.868x10  9.475x107  2.865x10™°
%6 T 1.074x10° 3426107  1.837x10"  4.115x107"
%14 1.464x107  -6.040x10"°  2.787x10™  1.801x10™
®15H 1.245%10° 2.164x10°  8313x10™  -5.078x10™"°
55 26 T -3.564x10° 1.015x10°® 9.622x10"  -3.060x10™
%27 2.747x10° 5.550x10” -5.986x10™  3.663x10™7

NWIERITAERE, ErE LA MNEERE 100mm. 90mm. 80mm. 70mm.

60mm. 40mm. 30mm AFES, EENZRGHREGHE, SRRHNEREG,
EARun & 5.26-5.32 Fias, HEMEeah4an T 533 B

oy— 1.0
Eo08 S S E08
S S 5

506 S 506
§ 04 BN _E 04
=02 =02

0
50 100 150 200 250 300 350 40.0 45.0 50.0 0 730 60 90 120 150 180 210 240 27.0 300

Spatial frequency in cycles per mm Spatial frequency in cycles per mm

Kl 526 501p & 301p #b£5EE 100mmF/#3.0 535 R 3L

Figure 5.26 Focal length 100 mm - F/# 3.0 MTF at 50 Ip and 30 Ip
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B 5.27 50lp & 301p b £=EE 90mm¥F/#3.0 f5i A3

Figure 5.27 Focal length 90 mm - F/# 3.0 MTF at 50 Ip and 30 1p
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Ficure 5.28 Focal length 80 mm - F/# 3.0 MTF at 50 lp and 30 Ip
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Figure 5.29 Focal length 70 mm - F/# 3.0 MTF at 50 Ip and 30 Ip
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Figure 5.30 Focal length 60 mm - F/# 3.0 MTF at 50 1p and 30 Ip
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B 531 50Ip & 301p ALASEE 40mmF/#3.0 55 R %L

Figure 5.31 Focal length 40 mm - F/# 3.0 MTF at 50 Ip and 30 Ip
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Figure 5.32 Focal length 30 mm - F/# 3.0 MTF at 50 lp and 30 1p
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Figure 5.33 Cam curve of 22.183-109.808 mm F/# 3.0 full-frame zoom optical system
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BERH—NERIEERENVIREE —RIE N TR T WAER, RKEEEHM
SR BRI B G E T Al . AN H AR EE—— A RESE
21.421-109.835mm-F/#2.8 £mIEELTEAZ RANRIMEHH S, FRER
ESHIAT LR R A I, BT DU B — MR BRI ER ARG, X
FEEE T R R B2 B LK (5 /3). K (EE ) FST LA K (F/42.8)
IR 46 55 M 7ESCERRN & 7] R TR R B « R ISR R = R G M v AU
=R 22mm, HMFEIRASA L 110mm MEEKEE, THEHIXRIE S £
MAER KR (FH3.0). &RAEZII 22.183-109.808 mm F/43.0 43 E &%
GRS RG B EAFRARBGRELE, LR R G i B
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TR S A AR AL T B R BB 2= P R R LB EOL R G m N
SEMIFIZEL, XFETT LUK R E TSR, RN v Bt il seal et 1
IFIIRIE S, RRBREN ST R . KFLE. KRB (HBREH) FHUFF
EIEYIR SR 6T R G, IR E SRR T 5 i o R IR = 5k R )
MR, THHT EE B2 TR LUK IR S B R AAT M. ASCHE AU E M EET
B, AL TGSV R IR RSO HR I T — > B IR 4 A R AT

LN

TR .

5.4 KB

AETEUBERY pr | W SEHASHEAMEIR R, TR T HAE
B4 1 B E AT R G S MO SE e 4L B 4, IRTF bR et — DL ®
F—33-100mm. F/#3.0 (Hg) &EEELTERR, RENGHREF, Ot
£ 45 i B R AT o AN B 58 AN BT SR A AU TS I e R A AR R AT KR 4h
), SchréEd B, Bk, &RAFE T 22.183-109.808 mm. F/#3.0 (1H
) EEEEETENRERE, ROBEERBGREL, LRt E BRI,
PAAN B B A SR AR TR SE 7 AR SO IR KA KILAR RS A R BT T VR Y
AT S SR
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FPA VORI B IR B AR K i 0 B, REEESTEAZRERESHSH
WARETHIZH . WEEERE RS EWSECREH UM FR AR,
KR ESEPAS . BHAKEEA LHXSH, TEIBESEAEE. [
. VIRBESESEEE-EHNE-NEEXWERNLES, ZRERTS
FEARLE T R EL, ToVEE BN DRI R AR, T AR BT LA =Fh s R SR
FRAKR R B TR R IR R T R &R, B T5 8 VY1 E R I,
ZMEEREN SR BB UAEERLE (F#3.0) BEFENFRS
VISR A RERRIT, BRI T
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(2) BT MBERGEFEBESHATS . BEEE LR FE LR E
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3.0 (lEm) N ESTERF R, WMEERGRITE SR FRFRE
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SEBESTERESREMNN SRR, RN AT F S
WAAEEFKER 5 FERERKIRE (HE F/8 2.8) 2miEESAEE
ERGmMEHNSEIt .

(2) g3t aeshR B =R EE R E —MER B AEEIYIR{E,
IS T WS, R MEEERWLSWSEIE, BREIEEAEN
AP s e sk, FA N AT E—MERE B NIGRE,
PAF MR B EERNE NS

(3)  BHTEBTEE M SEBr B B BE 20 0 B . ARG T, B AR B 4% ] 37 1H
g —Fehk, BRISEhr e Lk MR L, HIRAR A T A L B il 2 R P —
Bk, RGEFXHARERTOIHERT, GEBIVISHRZIE, RER R
B, S5 W5 BEAEERTE BT B e SRl AR B AR, H E IR
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63 KRERILIERE

HER SR AR AR M B Ak W R TE R R T B B TR S AR o oA 40y
EERMAL. AW B ARREUR RS T AEL DA SR LK
XS, RENESHEACEE. M. VIREESEERE HHIREHY
FRGRENSRER, REASHMEREIERERY, WIHNEIA SAR
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PSR IHEIERF (Bl GLM BEERH)

(—) Mg Bt R B 7
function himm=f himm(px)
% &M B REAEMF, BN 1
focus=[px(1),px(2),px(3),px(4),px(5)];
fl=focus(1);f2=focus(2);f3=focus(3);f4=focus(4);f5=focus(5);
Pinf=[px(6),px(7),px(8),px(9),px(10)]; Winf=[px(11),px(12),px(13),px(14),px(15)];

Dlen=linspace(0,0,5);Dlen(2)=px(16);Dlen(3)=px(17);Dlen(4)=px(18);Dlen(5)=px(19
);

% Dlen=[px(16),px(17),px(18),px(19),px(20)]; % KA &AM 4H 2 8] 1) )
izEl

fs=30;f1=100; YR FE A AR AR B

Yot 4 8 BT S B i 2% B AL RO TBOR 1% 3 K/

[m2l,m31,m4l,m51],ml]=fin_AF(fl1,£2,13,f4,5,Dlen);

Dlen(1)=f1+(1-1/m21)*{2;

global hw uw hwm;

global ht ut htm;

global ms D1 D2 D3 D4 D5;

YRR 4 S A 5 2 R BRI BORCE AN B R

Yoll B4 2 FHREENE B Dlen(1)/d ATAER K

deltaf2=-0.1;

if floor(Dlen(1)/0.1)>=floor(Dlen(5)/0.05)

d=floor(Dlen(5)/0.05); % % # 5k
else
d=floor(Dlen(1)/0.1);

end

deltaf4=Dlen(4)/d+0.03; %%R4H 4 IXKFEBIE  1/5*Dlen(4)/d

deltafl=linspace(0,0,d); %84 1 BIXFTEBRINHMEE

%

YT IR THE A R B R B T ER SIS E R
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%
D1i=linspace(0,0,d);
D2=linspace(0,0,d);
D3=linspace(0,0,d);
D4=linspace(0,0,d);
D5=linspace(0,0,d);
%R AR5
beta2=linspace(0,0,d);
beta3=linspace(0,0,d);
betad=linspace(0,0,d);
betaS=linspace(0,0,d);
WEBH —IK, BKEERRAELTH
D5(1)=Dlen(5);D4(1)=Dlen(4);D3(1)=Dlen(3);D2(1)=Dlen(2);D1(1)=Dlen(1);
beta2(1)=m2l;beta3(1)=m31;betad(1)=m4l;beta5(1)=mS5l;
for i=2:d
D5(1)=D5(i-1)-0.05;
D4(i)=D4(i-1)+0.05-deltaf4;
D3(i)=D3(i-1)-0.05+deltaf4;
D2(i)=D2(i-1)+0.05-deltaf2;
%fl FMLEHE AR find mov
deltaf] (i)=fin_mov(beta2(i-1),beta3(i-1),beta4(i-1),beta5(i-
1),deltaf2 deltafd);
D1(i)=DI1(i-1)-deltafl (i)+deltaf2; ~ %D1 [A]#E
Dlen=[D1(1),D2(i),D3(i),D4(i),D5(1)];
[beta2(i),beta3(i),betad(i),beta5(i),ms]=fin_AF(f1,£2,13,f4,15,Dlen); %
Bah—Ik, MR & E RN SR
if ml/ms>=3.3

fprintf('1 145 41 7] BE 2 0% K (15 R Zh S8 LT ZE SR AU 10 A5 A2 4%

EE!Mn\n"y;
break
end

end
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% AFE TN

nzero=sum(sum(D5~=0));

YR ) K
DL=f1+(1-1/beta2(1))*f2+(1-beta2(1))*f2+(1-1/beta3 (1)) *{3+(1-

beta3(1))*f3+(1-1/betad(1))*f4-+(1 -betad(1))*f4+(1-1/beta5(1))*f5+(1-beta5 (1)) *5;

DS=f1+(1-1/beta2(nzero))*f2-+(1 -beta2(nzero))*f2+(1-1/beta3(nzero))*3+(1-

beta3(nzero))*f3+(1-1/betad(nzero))*f4+(1-betad(nzero))*f4+(1-1/betaS(nzero))
*5+(1-betaS(nzero))*f5;

s2=0;
YotMEMIZk i 24 52 Bl ARk i
deltal=linspace(0,0,nzero); %% 1

for j=1:nzero-1
deltal )=(D1(j+1)+D2(+1)+D3(+1)+D4(+1)+D5(+1))-

D1G)y+D2G)+D3(j)+D4(G)+D5());

end
for j=1:nzero-1
s2=s2+(deltal(j+1)-deltal (j))"2;
end
% —HBOLL 5 MBI RAER N EH LRSS
Aw0=2.8; At0=2.8; %] M Hikii F 4
Yo fH ¥
uw=linspace(0,0,5);
uwp=linspace(0,0,5);
hw=linspace(0,0,5);
i=1;
while (i<=5)
if(i==1)
uw()=0; % FATHENST
hw(1)=fs/(2*Aw0);
uwp(1)=hw(1)/f1;
else if(i==2)
hw(2)=hw(1)-D1(1)*uwp(1l);
uw(2)y=uwp(1l);
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uwp(2)=uw(2)+hw(2)/12;
else if (i==3)
hw(3)=hw(2)-D2(1)*uwp(2);
uw(3)=uwp(2);
uwp(3)=uw(3)+hw(3)/13;
else if (i==4)
hw(4)=hw(3)-D3(1)*uwp(3);
uw(4d=uwp(3);
uwp(4)=uw(4)+hw(4)/14;
else if (i==5)
hw(5)=hw(4)-D4(1)*uwp(4);
uw(5)=uwp(4);
uwp(5)=uw(5)+hw(5)/15;

end
end
end
end
end
i=it+1;
end
WRBOGRBAERA 3
%t EANEME
leps=(-1)*(2*D2(nzero)/(D2(nzero)-12)-
D1(nzero))*f1/((f2*¥D2(nzero)/(D2(nzero)-f2)-D1(nzero))+11);
% G L NI = RS A
uwm=linspace(0,0,5);
uwmp=linspace(0,0,5);
hwm=linspace(0,0,5);
if leps<=0
hwm(1)=hw(1);
fprintf('111VEE, AHMETEE —84 2 ANn\nY);

else
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hwm(1)=abs(leps)*(21.64/1s);

end
i=1;
while (i<=4)
if(i==1)
uwm(1)=21.64/fs;
uwmp(1)=hwm(1)/fl+uwm(1);
else if(i==2)
hwm(2)=hwm(1)-D1(1)*uwmp(1);
uwm(2)=uwmp(1);
uwmp(2)=uwm(2)+hwm(2)/f2;
else if (i==3)
hwm(3)=hwm(2)-D2(1)*uwmp(2);
uwm(3)=uwmp(2);
uwmp(3)y=uwm(3)+hwm(3)/13;
else if (i==4)
hwm(4)=hwm(3)-D3(1)*uwmp(3);
uwm(4)=uwmp(3);
uwmp(4)=uwm(4)+hwm(4)/f4;
else if (i==5)
hwm(5)=hwm(4)-D4(1)*uwmp(4);
uwm(5)=uwmp(4);
uwmp(5)=uwm(5)+hwm(5)/f5;
end
end
end
end
end
i=it+l1;
end
Yo bR i iy

ut=linspace(0,0,5);
utp=linspace(0,0,5);
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ht=linspace(0,0,5);
i=1;
while (i<=5)
if(i==1)
ut(=0; % FAT NG
ht(1)=11/(2*At0);
utp(1)=ht(1)/11;
else if(i==2)
ht(2)=ht(1)-D1(nzero)*utp(1);
ut(2)=utp(1);
utp(2)=ut(2)+ht(2)/12;
else if (I==3)
ht(3)=ht(2)-D2(nzero)*utp(2);
ut(3)=utp(2);
utp(3)=ut(3)+ht(3)/13;
else if (i==4)
ht(4)=ht(3)-D3(nzero)*utp(3);
ut(4)=utp(3);
utp(4)=ut(4)+ht(4)/14;
else if (i==5)
ht(5)=ht(4)-D4(nzero)*utp(4);
ut(5)=utp(4);
utp(5)=ut(5)+ht(5)/15;

end

end
end
end
end
i=itl;
end

Yol BOLBAERA 3 £
Y%t BN E
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lepl=(-1)*(£2*D2(1)/(D2(1)-2)-D1(1))*f1/((22*D2(1)/(D2(1)-£2)-D1(1))+11);
Yo £ A BGER NGt B AN AT
utm=linspace(0,0,5);
utmp=linspace(0,0,5);
htm=linspace(0,0,5);
if lepl<=0
htm(1)=ht(1);
else
htm(1)=abs(lepl)*(21.64/1l);
end
i=1;
while (i<=5)
if(i==1)
utm(1)=21.64/1l;
utmp(1)=htm(1)/f1+utm(1);
else if(i==2)
htm(2)=htm(1)-D1(nzero)*utmp(1);
utm(2)=utmp(1);
utmp(2)=utm(2)+htm(2)/12;
else if (i==3)
htm(3)=htm(2)-D2(nzero)*utmp(2);
utm(3)=utmp(2);
utmp(3)=utm(3)+htm(3)/13;
else if (i==4)
htm(4)=htm(3)-D3(nzero)*utmp(3);
utm(4)=utmp(3);
utmp(4)=utm(4)+htm(4)/4;
else if (i==5)
htm(5)=htm(4)-D4(nzero)*utmp(4);
utm(5)=utmp(4);
utmp(5)=utm(5)+htm(5)/£5;
end

end
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end
end
end
i=itl;
end
$3=0;s7=0;55=0;s8=0;
for i=1:5
s3=s3+((uwp(i)-uw(i)))"2;
s7=s7+(3*(uwmp(i)-uwm(i)))"2;  Y%o------ AT LA s A E R 7
sS=s5+((utp(i)-ut(i)))"2;
s8=s8+(3 *(utmp(i)-utm(i)))"2;
else
s3=s3+((uwp(i)-uw(i)))"2;
s7=s7+((awmp(i)-uwm(i)))2;  Y%------1] LLE RN ER 1
sS=s5+((utp(i)-ut(i)))"2;
s8=s8-+(utmp(i)-utm(i))"2;
end
end
y7=S_seidel(focus,hw,hwm,uw,Pinf, Winf); %) i im SRR
y7=y7+S_seidel(focus,ht,htm,ut,Pinf, Winf); %$ i im FE @4 =
yi=yT*l;  %BENE
% F 4 E AR, BUEE 0.1
effl=(f1 *ml-f1)"2+(fl *ms-1s)"2;
effl=effl/1;
%72 53 SR AR BT SR IR TR AL 12 1
Imshift=0;
for i=1:nzero
Imshift=Imshift-+(f1+(1-1/beta2(i))*2-D1(1))"2;
Imshift=Imshifi/10;
end
% B Ar R 2K
global g Mk v;
g=[D1(1)-25,D2(1),D3(1)-1,D5(1)-45,DL-155,2000-
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(abs(f2)+abs(f3)+abs(f4)+abs(f5)),D1(nzero)-
1,D4(nzero),D3(nzero),D4(1),D5(nzero)]; % AZERLIH KM
hmum=[min(0,Mk*g(1)-v(1)), min(0,Mk*g(2)-v(2)),min(0,Mk*g(3)-
v(3)),min(0,Mk*g(4)-v(4)),min(0,Mk*g(5)-v(5)),min(0,Mk *g(6)-
v(6)),min(0,Mk*g(7)-v(7)),min(0,Mk*g(8)-v(8)),min(0,Mk *g(9)-
v(9)),min(0,Mk*g(10)-v(10)),min(0,Mk*g(11)-v(11))];%,min(0,Mk*g(9)-v(9))
hex=0;
fori=1:11

hex=hex+thmum(i)"2-v(i)"2;
end
himm=s2+s3+s5+s7+s8+y7+effl+Imshift;

himm=himm+hex/(2*Mk);

(Z) EREFF
function M_function
global x0; global g Mk v;
x0=[100,-100,100,-100,100,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,2,15,30,50]; % #1I
IRIEBE
Mk=5;v=[1,1,1,1,1,1,1,1,1,1,1]; %) hi#& B H e 73S H0sE

[x_goal,f goalk goal]=bfgs('f himm''g_himm'x0',le-1) %¥EE x0 SEUFE
% %
% ZIEFIMG
% %
hmum=[min(g(1),v(1)Mk),
min(g(2),v(2)/Mk),min(g(3),v(3)/Mk),min(g(4),v(4)/Mk),min(g(5),v(5)/Mk),min(g(6)
,V(6)/MKk),min(g(7),v(7)/Mk),min(g(8),v(8)/Mk),min(0,Mk *g(9)-
v(9)),min(0,Mk*g(10)-v(10)),min(0,Mk*g(11)-
v(11))]; %,min(g(8),v(8)/Mk),min(0,Mk*g(9)-v(9))

summ=0;

for i=1:11

summ=summ-+hmum(i)"2;
end v
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eson=summ”(1/2);
hmumO=hmum;
while eson>=1e-2
if (hmum/hmum0)>=0.25 Yol Sk T P T )
Mk=2*Mk; %% Mk #1E
v(1)=max(0,v(1)-Mk*g(1));
v(2)=max(0,v(2)-Mk*g(2));
v(3)=max(0,v(3)-Mk*g(3));
v(4)=max(0,v(4)-Mk*g(4));
v(5)=max(0,v(5)-Mk*g(5));
v(6)=max(0,v(6)-Mk*g(6));
v(7)=max(0,v(7)-Mk*g(7));
v(8)=max(0,v(8)-Mk*g(8));
v(9)=max(0,v(9)-Mk*g(9));
v(10)=max(0,v(10)-Mk*g(10));
v(11)=max(0,v(11)-Mk*g(11));
%l& IE S AL R A M BA H SR T
hmumO=[min(g(1),v(1)/Mk),
min(g(2),v(2)/Mk),min(g(3),v(3)/Mk),min(g(4),v(4)/Mk),min(g(5),v(5)/Mk),min(g(6)
,v(6)/Mk),min(g(7),v(7)/Mk),min(g(8),v(8)/Mk),min(0,Mk*g(9)-
v(9)),min(0,Mk *g(10)-v(10)),min(0,Mk*g(11)-v(11))];
[x_goal,f goalk goal]=bfgs('f_himm'g himm'x_goal,1e-2);
hmum=[min(g(1),v(1)/Mk),
min(g(2),v(2)/Mk),min(g(3),v(3)/Mk),min(g(4),v(4)/Mk),min(g(5),v(5)/Mk),min(g(6)
,v(6)/MK),min(g(7),v(7)/Mk),min(g(8),v(8)/Mk),min(0,Mk*g(9)-
v(9)),min(0,Mk *g(10)-v(10)),min(0,Mk*g(11)-v(11))];
else
v(1)=max(0,v(1)-Mk*g(1));
v(2)=max(0,v(2)-Mk*g(2));
v(3)=max(0,v(3)-Mk*g(3));
v(4)=max(0,v(4)-Mk*g(4));
v(5)=max(0,v(5)-Mk*g(5));
v(6)=max(0,v(6)-Mk*g(6));
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v(7)=max(0,v(7)-Mk*g(7));

v(8)=max(0,v(8)-Mk*g(8));

v(9)=max(0,v(9)-Mk*g(9));

v(10)=max(0,v(10)-Mk*g(10));

hmumO=[min(g(1),v(1)/Mk),
min(g(2),v(2)/Mk),min(g(3),v(3)/Mk),min(g(4),v(4)/Mk),min(g(5),v(5)/Mk),min(g(6)
,v(6)/MKk),min(g(7),v(7)/Mk),min(g(8),v(8)/Mk),min(0,Mk*g(9)-
v(9)),min(0,Mk*g(10)-v(10)),min(0,Mk*g(11)-v(11))];

[x_goal,f goalk goal]=bfgs('f himm''g himm'x goal,le-2);

hmum=[min(g(1),v(1)/Mk),

min(g(2),v(2)/Mk),min(g(3),v(3)/Mk),min(g(4),v(4)/Mk),min(g(5),v(5)/Mk),min(g(6)
,v(6)/MK),min(g(7),v(7)/Mk),min(g(8),v(8)/Mk),min(0,Mk*g(9)-
v(9)),min(0,Mk*g(10)-v(10)),min(0,Mk*g(11)-v(11))];

end
summ=0;
fori=1:11
summ=summ-+hmum(i)"2;
end
end
fprintf("\n & x_goal WI{H:);
x_goal Yo'k th B AARAE

(=) RARRITERERF
function [m2,m3,m4,m5,m}=fin_AF(f1,12,13,4,15,Dlen)
m5=(f5-Dlen(5))/15;
m4=(f4-Dlen(4)+(1-1/m5)*£5)/14,
m3=(f3-Dlen(3)+(1-1/m4)*f4)/13;
m2=(f2-Dlen(2)+(1-1/m3)*{3)/12;

m=m2*m3*m4*mS; %E{HR
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() AMEEHRER
function del=fin_mov(m2,m3,m4,m5,deltaf2,deltaf4)
del=(-1)*((1-m272)*m3/2*m4~2*m5"2 *(deltaf2)+0.05*((1 -m32)*m4"2*m5"2+(1 -
m5”"2))+(1-m4°2)*m5°2 *deltafd)/(m2°2*m32*m4"2*m52);

(1) BB E T EEr

function g=g_himm(x0)

delta=1*107(-5);

deltax=delta.*(eye(19));

g=linspace(0,0,19);

fori=1:19
g()=(f_himm(x0+deltax(:,i))-f_himm(x0))/delta;

end

£78;

(73) #HEGEITFE AR

Yort SLFREMEL

function s9=S_seidel(f,h,hp,u,Pinf,Winf)
% AR A T35 1
S1=S_sphere(f,h,u,Pinf,Winf);

S2=S coma(h,hp,u);

S3=S_asti(h,hp);

S4=S_dist(h,hp);

s9=S172+82/2+83"2+84"2;
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(b)) HRETEERF
function S1=S_sphere(f,h,u,Pinf, Winf)
global P W fi; %2 R &
W=linspace(0,0,5);
P=linspace(0,0,5);
fi=linspace(0,0,5); %&HTIEE

%P 55 W I KiE
%A u(i)
for i=1:5

fii)=1/1(i);
u(i)=u(@/(h(i)*fi(0);

end

fori=1:5
W(i)=Winf(i)+(2+0.6)*u(i);

end

for i=1:5

P(>i)=Pinf(i)+u(i)*(4 *Winf(i)-1)+u(i)’2%4.2;

end

%R ZE BB
S1=0;

for i=1:5

S1=S1+h(i)4*fi(i)*3*P();

end

OV BEE1EHER
global JP W fi; %R i A AL &
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J=u(5)*21.64;
S2=0;
fori=1:5
S2=82-+h(i)"3 *hp(i) *fi(i)"3 *P(i)-J*h(i) "2 *{i(1))"2*W(i);

end

Ju BEUHERERF
function S3=S_asti(h,hp)
global J P W fi; % fi#f AT &
S3=0;
fori=1:5
S3=S3+h(i)"2 *hp(i)"2 *{i(i)"3 *P(i)-2 *J*h(i)*bp(i) *fi(i)"2 *W({@)+I "2 *fi(i);

end

() WA AR
function S4=S_dist(h,hp)
global TP W fi; %hi A&
S4=0;
for i=1:5
S4=S4+h(i)*hp(i)"3 *fi(i)"3 *P(i)-
3*I*hp(1)2 *fi(i)"2 *W(i)+J"2*hp(i) *3 .6 *fi(i)/h(i);

end
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(=) IR EFFEFES T OEF (URALshEd 2 b
function calc_ddss()
cle; Yo BR B XU X375 45 40 oK i
global ff ¢2 array srl sr2 sr3 sr4;
ff=-25.33; array=1; ns=1.62041; vs=60.34; % HEIHUIT R B EE B R HIBE
. 1 H-ZK9B (1.62041;60.34) /H-ZK7 (1.61309; 60.58)
Pinf=0.8114; Winf=-0.3491; %&E%4 P/W LHE. HiZIIESE
Y EBE LMW AN AE (SELRE W LSS5 QEMRKR), SLhrEE Il
OB EEEAEE, TG,

YoHU G AR 43 BLLE 0.1:0.8:0.05:0.05
zfi=zeros(1,4);

zfi(1)=0.1;

zfi(2)=0.8;

zfi(3)=(1-zfi(1)-zfi(2))/2;
zfi(4)=zfi(3);

York e ELEE | FNEEE 2 BAMER P/W 5 . BREATREESEIEFIT AN,
P/W [,

2=-1.8;  Q2=c2-1; %45 1 (FFEH) F MM HRB & T-E 5T R
EHLRES K W TG 75 B R 2 )
[sr1,sr2]=slove_rasingle(ff,zfi(1),ns,c2);
fprintf( B A XUE — BB B4 A r1=%5r2=%0\n',sr1,s12);
c4=-0.2;
for k=1:20
Qd=c4-1; %55 2 (FUES) M2 B ikih# BT v (RIELL
EH R W T 75 HUE R E )

[sr3,srd4]=slove_rasingle(ff,zfi(2),ns,c4);
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fprintf{" S EL XU X 28 L BES IR N r3=%frd4=%f\n',sr3,sr4);

Wlsinf=-1*%(ns+1)*Q2/ns-1/(ns-1); %L 1W I£FH P LFH, NLCRH LI HhZ K
ERITH G, HPINBREK W L5 Py A E
P10s=ns*(1-9/(4*(ns+2)))/((ns-1)"2);  %EL.45% PO
P1sinf=P10s+(1-1/((ns+1)"2))*(W1sinf-1/2*(ns+2))"2; %45 P L5

W2sinf=-1*(ns+1)*Q4/ns-1/(ns-1); %HEE2W LFH P LFH, NLCHHLIHERK
BRI AR, BN EEN W LS P LS A

P20s=ns*(1-9/(4*(ns+2))/(ns-1°2); %44 PO
P2sinf=P20s+(1-1/((ns+1)"2))*(W2sinf-1/(2*(ns+2)))"2; %H4: P L5
YolxX AN T LR MR A 5 2 76 FREEBS N SHE BLI W/P fH (IESFATE)
us2=zfi(1)/zfi2);  Y%RALATHHE

us3=(zfi(1+zfi(2))/zfi(3);

usd=(zfi(1)+zfi(2)+zfi(3))/zfi(4);

Ws2=W2sinftrus2*(2+1/ns);

Ps1=Plsinf; Wsl=Wlsinf;

Ps2=P2sinf+us2*(4*W2sinf-1)+us2"2*(3+2/ns);

YA kYR, MR —RKITRE, EFAFE, IR P2/P3/W2/W3,
R £ AR ]

%o E R FE P2=P3;W2=W3;zfi(2)=zfi(3)
% P2=1/2*(Pinf-zfi(1)"3*P1inf)/(zfi(2)"3);
% W2=1/2*(Winf-zfi(1)"2*W1inf)/((zfi(2)"2));

%I N T T

% W2inf=W2-2.7*us2; %Z#u B 0.7
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% P2inf=P2-us2*(4*W2inf-1)-4.4 *us2"2;

W3inf=(Winf-zfi(1)"2*Ws1-zfi(2)"2 *Ws2)/zfi(3)/2-2.7*(us3+us4)/2;
P3inf=(Pinf-zfi(1)"3*Ps1-zfi(2)"3 *Ps2)/zfi(3)"3/2-(us3+us4) *(4*W3inf-1)-
4.2%(us3"2+us4"2)/2;

W4inf=W3inf;

P4inf=P3inf;

%R EFHEFHMAIRER/NMEF S PO EH, BMNAHARTENENEE;
P03=P3inf-0.84*(W3inf-0.14)"2;

P04=P4inf-0.84*(W4inf-0.14)"2; % H THATE W2inf=W3inf;P3inf=P2inf; AT LA
W& PO EAHH

fprintfC IR &40 1 P B F5 E N : %f, W L F5{E 4 : %1, PO (B9 : %f\n',P3inf,W3inf,P03);
fprintf( G4 2 P TG 55 1E A : %f, W TG 55 H A : %f, PO {H 4 : %f\n',P4inf, W4inf,P04);

%tz REOHE

Cs=(zfi(1)+zfiQ2))/vs; %HiEta 7= %

%NEAVE BN G HA MM EZERUSCERN DRGSR . (BDCEEME,
HHL R £i(3)/(fi(3)+i(4))) |

YoRAL T (IR LA RIS & 4L e R D

Cd=-1*Cs/(zfi(3)+zfi(4));  %iERE-1 e L FASR B B MG Z A FE
fprintfC R EHAEMEN: %Hn',Cd);

%4> KA BIRTERT 5 R R BTE R B P 77 SRk AT v B
Flint_infront_double(W3inf,Cd,P03,zfi(3),zfi(1));
Crwon_infront_double(W3inf,Cd,P03,zfi(3),fi(1));

(+0 BARNRREMELRITERF
%It AR, fid ARSE SIEENMEHRAEE C2 BEEIHLmE
KN
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function [r1,r2]=slove rasingle(ff,fis,ns,C2)
Q2=C2-1;

C1=Q2+ns/(ns-1);

r1=ftt/fis/C1i;

r2=t/fis/C2;

(=) BE =AM TR EREF
WATEF A THHERR & ZAF2 KA RIER &8 H nl,n2,v1,v2,Winf,Ci,fil fi2)
%v1,v2 [RREEEBEIIRT NEL, CiRERAEHIEERT
%fil+i2=1,B IR & BN IR E AT ER . fid RRRERAGERLTTES
I EREE K/
Wif REFH GMEA, BEHS) AHEEE
function [r1,r2,r3]=rad_doub(nl,n2,v1,v2,Winf,Cj,dfi,ff)
Yo XU B A B AR L 40 B
detfi=[1/v1 1/v2; 1 1];
detfil=[Ci 1/v2; 1 1];
detfi2=[1/v1 Ci;1 1];
fil=det(detfil)/det(detfi);
fi2=det(detfi2)/det(detfi);
%N SHTH a
a=1+2*fil/n1+2*(1-fil)/n2;
b=3*{i1"2/(nl1-1)-3*(1-fil)"2/(n2-1)-2*(1-fil);
Q0=-b/2/a;
% WO0=(1-fil)/3-(3-a)*Q0/6 % WX TFETNRHEE—IMS
WO0=-1*(a+t1)*Q0/2+(1-fil-b)/3;
Q=Q0-2*(Winf-W0)/(a+1);

C2=Q+fil;
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C1=C2+{il/(nl-1);
C3=C2-fi2/(n2-1):
F=fIC1/dfi;
=fC2/dfi;
3=fIC3/dfi;

CHIOD KRB RT R & # R 42 RPERERAF
function Flint_infront double(Wdinf,Cd,POp,ffi,z{1)
global ffc2 array srl sr2 sr3 sr4;
Yol & B A (BB E KAPEE) JF5 54N Excel RN
—MEREN
Crown=xlsread('C:\Users\Administrator\Desktop\CDGlass CrownK xls");% Crown #&
—A~ 723 WIS RE
Flint=xlsread('C:\Users\Administrator\Desktop\CDGlass_FlintF.xls";%Flint & — />
120%3 fFERE
fi=zeros(1,2);
Yol 4 (A 2 R B A RIPEEH A T E BRI
Yo KA B HATE AU
for i=1:1:120
forj=1:1:72
fi(1)=(Cd-1/Crown(j,3))/(1/Flint(i,3)-1/Crown(j,3));
a=1+2*fi(1)/Flint(i,2)+2*(1-fi(1))/Crown(j,2);
b=3*fi(1)"2/(Flint(i,2)-1)-3*(1-fi(1))"2/(Crown(j,2)-1)-2*(1-fi(1));
c=Flint(i,2)*fi(1)"3/((Flint(i,2)-1)"2)+Crown(j,2) *(1-fi(1))*3/((Crown(j,2)-
1)Y"2)+Crown(j,2)*(1-fi(1))*2/(Crown(j,2)-1);
PO=c-b"2/(4*a);

QO=-1%(b/(2*a));
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WO=-1*(a+1)*Q0/2+(1-fi(1)-b)/3;
delPO=P0p-PO;
if (abs(delP0)<=0.01)  %¥ZFS PO {EH 5 ZEKFMEM Z /T 0.01
forintf("\n\n 7 & 45 F B QXA FERT 2 AL J5) B3 5 R (FT I
#0):%1(%1)--% 1 %t)\n' Flint(i,2), Flint(i,3),Crown(j,2),Crown(j,3));
end
end

end

(T, BMBEERTIUR S ih 2448 LR FE 7
function Crwon_infront double(Wdinf,Cd,POp,ffi,zf1)
global ff ¢2 array srl st2 sr3 sr4;
Crown=xlsread('C:\Users\Administrator\Desktop\CDGlass_CrownK xIs');% Crown &
—AN 72%3 [ RE
Flint=xlsread('C:\Users\Administrator\Desktop\CDGlass_FlintF.xls");%Flint & —
120%3 FRERE
fi=zeros(1,2);
Yoo A B IR TE I
fori=1:1:72
forj=1:1:120
fi(1)=(Cd-1/Flint(j,3))/(1/Crown(i,3)-1/Flint(j,3));
a=1+2*fi(1)/Crown(i,2)+2*(1-fi(1))/Flint(j,2);
b=3*fi(1)"2/(Crown(i,2)-1)-3 *(1-fi(1))"2/(Flint(j,2)-1)-2*(1-fi(1));
¢=Crown(i,2) *fi(1)*3/((Crown(i,2)-1)"2)+Flint(j,2) *(1 -fi(1))"3/((Flint(j,2)-
1)Y2)+Flint(j,2)*(1-fi(1))"2/(Flint(j,2)-1);
PO=c-b"2/(4*a);

QO0=-1*(b/(2*a));
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WO0=-1*(a+1)*Q0/2+(1-fi(1)-b)/3;
delPO=POp-P0;
if (abs(delP0)<=0.01)  %I%H PO {E SEREMZ/NT 0.01
fprintf("\n\n ¥ & 551 B (BRRELE BT XCH 72 /5) B3 5 32 (B I
#0)M:%H(%f)--% 1 %f)\n', Crown(i,2),Crown(i,3), Flint(j,2), Flint(j,3)");
end
end

end
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