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Abstract

Abstract

Because the infrared zoom optical system has strong anti-jamming ability,
environmental adaptability and good concealment, so it can work all-weather and have
other unique advantages, it has attracted more and more attention in military areas such
as air defense early warning, battlefield tracking and detection, security, medical and
other life fields. In addition, unlike the traditional fixed-focus infrared lens and shift-
type infrared zoom lens, infrared continuous zoom lens can not only realize the search
and detection of large field of view, but also realize the tracking and observation of
small field of view without causing the loss of target. With the development of
application scenarios, there are more and more requirements for infrared continuous
zoom lens. It requires not only good imaging quality of the system, but also higher
zoom ratio and larger zoom range. Miniaturization and lightweight make the design of
the system more difficult.

Based on this situation, this paper first reviews the research results of various
infrared continuous zoom systems at home and abroad in recent years, analyses and
compares the advantages and disadvantages of several zoom structures, and then
combines the theoretical basis of zoom system, deduces the differential equation of
continuous zoom system, and obtains the Gauss solution. By studying and comparing
various design _schemes and concepts, an improved two-group linkage zoom
compensation structure is selected. Finally, a refrigerated medium-wave large zoom
ratio continuous zoom optical system is designed. The zoom range of the system is
15mm~550mm, the working band is 3.7um~4.8um, the F number is fixed to 4, the field
of view is 44.58°~1.28° and the detector used is 640x512 refrigerated staring focal
plane detector with the pixel size of 15um. The image quality is improved by
introducing some aspheric surfaces. The detector's cold diaphragm is used as the
aperture diaphragm of the system to achieve 100% cold diaphragm efficiency. At the
same time, the secondary imaging technology is used to compress the aperture of the

lens. The image quality analysis results show that the MTF curve is not less than 0.25
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at Nyquist frequency in all focal lengths of the system, and it is close to the diffraction
limit. The dot array scattered spot is within one pixel size, and the distortion is less than
5%. The image quality is excellent.

Finally, the cold reflection analysis and tolerance analysis of the system are carried
out. The defocusing caused by temperature change is eliminated by using the method
of post-group focusing compensation. Aiming at the optimization of cam curve, this
paper proposes an optimal design idea of cam curve. In the steeper section of the curve,
the arc length (rotation angle) of cam curve is gradually increased by dividing the
abscissa space with quadratic polynomial, and the arc length is evenly divided in the
slower section of the curve. The cam curve of the system is optimized and analyzed.
The results show that the cam curve can be significantly improved, the pressure angle
of the curve can be reduced, the optimized curve is smooth without inflection point, the
zoom is smooth, and the overall performance of the cam can be effectively improved.
The final design system has good image quality, compact structure and meets the design
requirements.

Key Words: mid-wave infrared, continuous zoom, large zoom ratio, cam curve
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Figure 1.1 Physical picture of zoom lens
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F 1.1 RGHRIR
Table 1.1 System index
Item Value
Wavelength/um 3.7-4.8
Zoom ratio 20X
F-number 2.5
Image plane diagonal/mm 12
Pixel size/um 30
Transmission >70%
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Figure 1.4 300-fold zoom lens
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Figure 1.5 Structure chart of 300-fold zoom system
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Figure 1.6 Pictures of the moon at different focal lengths
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Figure 1.7 Structural charts of systems at different focal lengths
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Table 1.2 System index
Parameter Value
Focal length/pm 2000-6000
Dif 1/ 1;67—1/5
Field of view/(°) 0.335°-0.114°
Wavelength/nm 500-800
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gER1.2
Parameter Value
Back work distance/mm >50
Pixel size/um 10X10
Pixel number 1024 X 1024
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Figure 1.8 Whole structure of system
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Figure 1.9 Structure of refractive zoom system
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Figure 1.10 Principle diagram of zoom lenses
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Figure 1.11 Schematic of continuous zoom optical system
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Table 4.1 The advantages and disadvantages of each zoom system
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Figure 4.2 Initial structural parameters of the system
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Figure 4.6 Distortion schematic
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WL 5.1 iR A RAIE-A0°C B, AEEELKEER, FTUERRGEE
THRIESE, FERIE.

MAGLT+60CH, EREIFSI REGIUE R AR, W& 5.2
IRNRGEKEE .. FAERMP AL IR T MIF k.
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Figure 5.2 The MTF curve of system at +60°C
FFEATLAEH, REERR TRIGRERNRE, TENRFHTEEL

(b) EFL=225

52 ERRAEOCHRHEAR
Table 5.2 The defocus amount of the zoom system at +60°C
20°C #£¥F /mm +60°C i ££FE/mm HEE/mm
15 14.1244 -0. 8756
150 149.6898 -0.3102
225 225.2296 0.2296
375 375.5964 0.5964
550 550.9836 0.9836

HU LB &, 7E-40°CRI+60 CR{REIIT T, DEE T HEKEY
MR AT, T2 RGHHRE RN A (G R &
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Figure 5.4 The MTF curve of system at +60°C

RENSHE REERHFEE, FIEN AR RFIATA G 4T UMEX RETHY
GBRAH SN, WRS3IRARREKEMBLIINNRITE YN 5
VIBAR 1B, & 54 iR ANREEBEM BRI RKIEE YNI 5 VIBAR fE.

£ 5.3 KESRHT

Table 5.3 Narcissus analysis at long focal length

surface 3 4 5 6 7 8 9
YNI -2.7818 -4.4287 10232 87979 03750 -1.4535 14119 1.5666
I/IBAR 1.740 1.888 1.898 1.913 1.925 9475 10926 14.530
surface i1 12 13 14 15 16 17 18
YNI 0.3577 0.2188 1.8307 -1.2478 0.1012 -0.1739 -0.4750 -0.4658
I/IBAR 0.853 1.806 0.776 0.870  0.933 0.995 1.657 1.749
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B EEPREIETUES, VA 11, 15, 16 H YNI 5 VIBAR [FE /)N
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# 5.4 FHEA RS

Table 5.4 Narcissus analysis at short focal length

surface 1 2 3 4 5 6 7 8 9

YNI 1.3882 -0.2069 -0.3361 1.2187 1.5965 0.0930 -0.3826 1.5974 1.0367

VIBAR  1.592 1.680 5.808 1.701  -14.327 -11.525 2.094 2.290 4.430

surface 10 11 12 13 14 15 16 17 18

YNI  -1.0094 03256 0.0921 1.7924 -0.2499 0.3289 -0.3389 -0.4588 -0.4679

VIBAR 4202 4.739 3.598 3.226 1.688 1.599 1.607 1.695 2.186

m ERA4n, FEENMBLLAFTUIER YNI 5 VIBAR #5HEARRR /N 1,
ARFNEAHE, RGEFREZWHB/N.

53 RNESH

— RGO RS RSG, AR PEBEBATHRESR, KELE
INTRZEE R RARE, MIXSEHNIRZZSME—R, B3 REMER™
AR .. AZE S HTRE RS SRR 9T AU br A = Hilid b vl B B BLAY
%ﬁﬁ%ﬁ%%%%%%m%m;ﬁ&ﬁﬁﬁﬁ%%ﬁﬁ,%ﬁ&%%¢%$
ML, FEMAFIAZEEE BT EIRE &

Zemax FHRBIWAZSTITESR, OBREST: BIMAZREEITE
T, QUEBRES T HAEZEERRERRARTFNRRLE; OF
FrRVE 0T B SEPRAE

ERZEFNMZAHERBELEHENFIEAZNTER, XAVEEE HRMNE
MERERMBEMBER RN . R 55 ATRNAESFR.
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Table 5.5 Tolerance scale

- # i B R4 EE M EE S5 B4 g4 84
gy M H /" ue BAORE R Ge GE 6N TR
= o MR ey e ) mm mm A) /mm

Ql 0.0001 0.5 0.01 0.1 0.17 0.01 0.17 0.001 0.01 0.17 0.001
Q2 0.0003 1 0.01 0.1 03 003 03 0.003 0.01 0.3 0.003
Q3 0.0005 1 0.0125 025 05 005 05 0.005 0.0125 0.5 0.005
Q4 0.0008 2 0025 025 08 008 08 0008 0025 08 0.008
Q5  0.001 2 00375 05 1 0.1 1 0.01 0.0375 1 0.01
Q6 0.003 3 0.05 0.5 1.5 0.3 1.5 0.03 0.05 1.5 0.03
Q7 0.008 3 0.075 1 2 0.5 2 0.05 0.075 2 0.05

Q8 0.008 3 0.1 2 3 0.8 3 0.08 0.1 3 0.08

RRFENESTE AR Q4 FRINAZE, Q4 FHAZEX I TR UL
SR G, RIS . REXRARTENRMERNLA MTF, RELE 80 IREH
FIESTT, KELL X MTF H: 0.25860805, TRIFAE{L: -0.04496261, it
MTF: 0.21364544, F£4 X MTF: 021412289 , Tiit481k: -0.02608457 ,
it MTF: 0.18803831 . &4 Y MTF:  0.17125917, TitAefk: -
0.01245748, Fit MTF: 0.15880169. MRIELMERWITERATH, ARGEWRIT
S, FUREMTERLUGHIE R RIF. B 5.5 AT 80 RERRIEHTE
e LT MTF 4528 .

(a) EFL=550mm (b) EFL=225
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Figure 5.5 Geometric MTF Results of 80 Monte Carlo Analysis
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%, MSEIGEEEE, &R RIFHERED,
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% R G AR MR 38 RAKEE R0 7 3D, SR 3% R B SR SE A Wi
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Figure 5.6 Mechanically compensated zoom system
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Figure 5.7 The zoom curve of zoom system
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AT AME & RGRIRM A BERI R A MBI T AT, RN SE T AER
S RFRANSE, FEREMR. EFE. #15. EFETHNABRET
Z, WUEH, HARKEEUMIIEERGERTRENEAR L.

RIXERNBHT T BRI ZHEMERNLSIRERS, FFHE TEA]
ZIEMEE S, WA EEREER TEEMINR. RAEABEEMBERTEE, U
DU IE A AME RIS T B ERMS FEIHES T ENSEE, NITRENE. #
RS RER ) U T VEAULH . RS, DAMESTEIRONR AR, AT Bl
BRI RIEITERE, ST HIA SAERA BT AMRIES, Fx file 2R
PS04 6 R AR AT T MR, FEAR AT T SEI 100%4 B AR R A R =X
BARHEAR . BR T BRI ST, Fou =FaRb s R T 7 4
i

HEF UL ERERSEERE, ASCERN 640X 512 HIA RIS, A RIHERR,
W T REREEPIRARL, XA R B BURITH IR E R R, MAZ
WRABTEA, BT —H LR 15~550mm RSP TER
%, REGFHEN4. SV, EREHFMELG3p/mm), REEREERMN
A AR MTF #2398 AT 5T ARIR, s BRI/ B2 4R, IR RN
3%, REMGHERE, XERIFEXR.

5, XRSGHT T ARBASTFBRES T, KRRFELSR (+60C)
FUEE (40C) BT, MTF i THR™E, GREMNRE, 20k
UE, SR A JE 4 A0 07 v AT LR S A AL IE R iR B 51 S A0 45 T B AR 1S 4L
L WAL, ERETMFAN, SEFMMERREERE. FH MATLAB
RUHREREFUE LA T ML, MLk TeE, TERY.
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