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Abstract: Varifocal optical system can meet the requirements of dynamic optical systems by changing optical
parameters of optical components to adjust optical paths. This paper firstly introduces the fundamentals of vari-
focal optical system, and describes the design of the varifocal optical systems based on optical compensation
and mechanical compensation. Then, it elaborates the type and structures of common focusing mechanisms
and analyzes their advantages and disadvantages. It points out that along with the DSP control technology and
stepping motor development, the varifocal optical mechanism has entered a new prospect. By making a refer-
ence to domestic and international engineering applications, the research shows that the numerical control
technology based on stepping motors and DSP has an extensive forecast on varifocal optical mechanisms in the
range equipment.
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Fig.1 Frame of varifocal optical system
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Fig.2  Principle of optical compensation
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Fig.3 Principle of mechanical compensation
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Fig.4 Theory of auto-focusing on laser interference

FENEETCIFH U T R G, He-Ne WOGAS NG
U5, CCD ielcde i, MARRT, WOt R & L, L3
W E, 285 BS, AT % 90° %45, 78 BS, &b
SN, — R 2 BS, Ml CP 3k M S5 U
JFOEHAR B PR 2833 BS, J5 A E] CCD L, ih
SHNE, ; 71— HAEBS, I, hfE90° 145, ¥k

L SRR IAEZE G A b2 R ST
S, 0 T A TR O Bl AR T b 5 S, B
L, PR SR B s, B RS I G SR SO B R
Ve YG E, , 2% E, 5% E,M T {E CCD
AT ER AR T B R AR A DGR A
FRE AT R, X P IETE A O eE RS
L HEIN T RO TR E— e B R
TRGMNE TR,
4.3 HERHEUBEIRERS

R A RERE " MNP
D AR R HE R AR R R B TR —,
HFHANE S Fios %07 k@i Xt CCD it i 7
MATHE 5 430, B e BEE A (e, REETFLIRIT,
R IR AT (5 5 B M, 5 PRSI E (ELAH oA, SRk
TR, A g —Jr g, MiA % R
SRBIPIN . B IS RS B IR 1) R AR,
WSRO AL, WAk SE R AHAS 8, B0,
A5 o), BRI B R A A SRR A 3l

Light | | .. N . | Measured camera CcCcD Imaging processing
source | ] farget =1 Collimator =3 and its mount camera system

Digital readout

Grating displacement sensor "

K5 HERERERS

Fig.5 System of auto-focusing
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Fig.6 Cam focus mechanism structure
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Fig.7 Process of focusing mechanism based on DSP

7 ZRIE

e AR R DL R G — 1
e HLBMZEE REL, ARG IR TR &
A SE BN X6 78 R SR AILAL B BRI T T 207

BHXT DSP APt R BLAE AR £ D'~ 2R 40 1Y) B DT
FLBHE T HUBLEL AL B AR A 37 56 I B8 4 1 #Y)
AT AR AR I R R T
HigZ%

B DG HL Ml 19 4 Ji R AR 7l I e 15
Nt AR FR oA 2R G 0 N SR 2 )2



53 BEEN, A5 LY AR P AR DL R S 245

R BB B X A R AR R LR 2R SRR P IR AR R G0 O SR S i A Y — 1R
ety IR XA AL SRR R
AIF TS A AR 2 A B S T, B TR MR D7 &R

Sk
(1] GRAEAE FEXME TRE R, 5. RETOCHAREE K BRI & B[ 1], #k5 491,2009,39(10) :1028-1033.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

ZHU H ZH,FAN D P,ZHANG ZH Y ,et al. . Develop of precise light beam steering and focusing equipments[ J]. Laser &
Infrared ,2009,39(10) ;1028-1033. (in Chinese)
I EE. AR R AR BT[] B A5 T42,2007,15(11) :1756-1759.
WANG Y F,XUE Y. Design of heavy caliber and precusion cam-varifocal mechanism[ J|. Opt. Precision Eng. ,2007,15
(11) :1756-1759. (in Chinese)
kA O AMERUP IR SRR YBR[ 1], b e 142 ,2009,36(6) :1-3.
SHI G H. Optical compensated step zoom lens[ J|. Opto-Electronic Eng. ,2009,36(6) :1-3. (in Chinese)
M s R IER S Akt [ ML dbat: B Tl i ik, 1988.
TAO CH K. Zoom Lens Design[ M]. Beijing: National Defense Industry Press,1988. (in Chinese )
FARR KR, T oM. LOMESE RSB T]. KAR TR F F4,2009,32(1) :60-63.
LI'Y G,ZHANG B,DING J W. Mechanism design of continuous zoom lens[ J]. J. Changchun University of Science and
Technology, 2009,32(1) :60-63. (in Chinese)
&M, F A ST DSP LI A R A BI[T]. AR F 3R ,2009,32(9) :140-142.
AO ZH W,LI Y J. Design of infrared optical zoom lens system base on DSP[J]. Modern Electronic Technique,2009 ,32
(9) :140-142. (in Chinese)
W A B A A DGR RIS R G T]. AT 57 4R, 2008.37(9) :1797-1799.
TIAN H X,YANG J F,MA X L. Design for visible video zoom optical system[ J]. Acta Photonica Sinica,2008,37(9) .
1797-1799. (in Chinese)
SR AE ik T AP PR R LSS B SR SR DL Bk AR R I [ 1] 6 & T42 2003 ,30(1) :29-31.
ZHOU H,ZHANG M W. Realization of zooming control for a continuous zoom optical lens with step motor[ J]. Opto-Elec-
tronic Eng. ,2003,30(1) :29-31. (in Chinese)
E o et AMAR R AR Y B DA BT [T ], 2 A A S ,1996.17(5) :16-18.
WANG H. Optical design of zoom objective with optical compensation method [ J]. J. Appl. Opt. ,1996,17(5) :16-18.
(in Chinese)
FAe P B R AR, F RO KEBARG BN BT[], #k 5 4098,2005,35(10) :745-747.
HUANG H P,XIA Y H,AN CH B, et al.. Design on the focusing mechanism of long focus IR system[ J]. Laser & Infra-
red ,2005,35(10) ;745-747. (in Chinese)
AR AR, TAZE S [ M. dbat HUK Tl i R, 2008.
YU D Y. Engineering Optics| M]. Beijing:China Machine Press,2008. (in Chinese)
I, RARIR DRI LA A RETRY BT )], & A 65 ,2007,28(5) :569-573.
HU J X. Design of long focal length large-aperture optical zoom system[J]. J. Appl. Opt.. ,2007,28(5) :569-573. (in
Chinese)
FRA,FEE,RE,F G EGRNE T A S BRG], 3 A & 54241 ,2010,18(1) :183-
185.
JIANG H Y, LI X L.,ZHANG T, et al.. Research on automatic focusing system for Theodolite’s image measurement[ J].
Computer Measurement & Control ,2010,18(1) ;:183-185. (in Chinese)
KA ARG M, . BREOCEEIEAENAA N BET[)]. BF HE 142,2009,17(11) ;2757-2761.
ZHANG X J,YAN CH X,XIE T. Design of focusing mechanism of space remote sensor[ J]. Opt. Precision Eng. ,2009,
17(11) :2757-2761. (in Chinese)



246

DG Fak

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

(24]

[25]

[26]

TR, X285 AR, . R S0 AT M DR R #R  BR R R 22 [ ] ] b 142 ,2006,33(12) :5-8.

XING Q J,WU SH Y,CHEN ], et al.. Accumulation feed-forward of the off-axis value to increase the precision for TV
tracker[ J]. Opto-Electronic Eng. ,2006,33(12) :5-8. (in Chinese)

ZR F A A ARDL LRI EN RBT[T]. b 4525 42, 2009,17(3) :609-614.

AN Y,QI Y CH. Design of straight-line focusing mechanism for space camera[ J]. Opt. Precision Eng. ,2009,17(3) :
609-614. (in Chinese)

MWAF, E b, —FH AN BT )], KA L K F 54 ,2007,30(4) :46-48.

LIN W C,WANG J. A design of new focal system[J]. J. Changchun University of Science and Technol. ,2007,30(4) .
46-48. (in Chinese)

2 IR, X R & — RS AL RN B BEHIFSE[ ], KA T X 5 5°4R,2008 ,31(04) :74-76.

GAO F,ZHANG B,LIU D Y. Design for a kind of space camera’s focusing structure[ J]. J. Changchun University of Sci-
ence and Technolgy. ,2008,31(04) :74-76. (in Chinese)

TIMM U,OKUBO A. A plume model for self-focusing micro-organisms[J]. Bull. Mathematical Biology,1994,56(2)
187-206.

KOGA A K,SUZUMORI K. Electrostatic linear microactuator mechanism for focusing a CCD cameral J]. J. Lightwave
Technol. ,1999,17(1) :0733-8724.

X AR B e TR S A LLAME AT ] B R RS ,2009,30(6) :1020-1023.

LIU F,XU X P,SUN X Y,et al. . Design of high zoom ratio thermal infrared zoom optical system[J]. J. Appl. Opt. ,
2009,30(6) :1020-1023. (in Chinese)

kLA, E— U, RAEM S JESR RISk AR IR S Hh RIS SE[ 7] ALEABUR 53R ,2006,27 (6) :50-52.

SHI Y L, WANG Y F,SONG CH P,et al.. Active focal length output of zoom lens[ J]. Chinese J. Sci. Instrument,
2006,27(6) :50-52. (in Chinese)

R, #y ok, ZARIRE. ST TMS320LF2407A WYL FEBCLTEHI RG], B ob & F 0 FHA,2006,25(7) :7-14.
XING H,YANG H,WANG CH J. Design of zoom lens control system base on TMS320LF2407A[ J]. Foreign Electronic
Measurement Technology ,2006, 25(7) :7-14. (in Chinese)

ZHOU L. Relaxation mechanisms in three-dimensional metamaterial lens focusing[ J]. Opt. Lett. ,2005,30(14) :1812-
1814.

LU W T,HUANG Y J,VODO P et al.. A new mechanism for negative refraction and focusing using selective diffraction
from surface corrugation[ J]. Opt. Express,2007,15(15) :9166-9175.

BT, AR AR, A RS A SR EO R ()] T #4R,2010,30(1) :105-108.

ZHOU J F,ZHAI L. P,ZHOU P,et al. . Autofocus method of aerial imaging device[ J]. Acta Photonica Sinica ,2010,30
(1) :105-108. (in Chinese)

VEHE BN N (1988—) , 5, IR VLA A5 | 2 AR f R 0 £ R 48y T 9

E-mail ; lilingyin_02@ 163. com
E—JL(1958—) I3, FHAMREF N BEFE 0L, T2 NFOEHLE BRI s,
E-mail ; wangyifan1958@ 163. com



