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Table 1 Design specifications for zoom optical system

Wavelength /nm 3.7-4.8
MW cooled infrared detector 12801024
Pixel size /(pm X pm) 15X 15
Effective focal length(EFL)
25-1200
/mm
F4(cold shield)/F5. 5(warm
F-number )
shield)
Distortion Less than 2%
Temperature /°C —40-+60
Dimensions (mm X mm X
<360 238290
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Fig. 3 2D structural diagrams of the optical zoom system. (a) Short focal length position (focal length 25 mm, F4); (b) middle focal
length position(focal length 550 mm, F4); (c) middle focal length position (focal length 900 mm, F4);(d) middle focal length
position (focal length 900 mm, F5. 5); (¢) middle focal length position (focal length 1050 mm, F5. 5);(f) long focal length position

(focal length 1200 mm,F5. 5)
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Fig. 6 MTF of different focal length position after temperature focusing. (a) Short focal length position (focal length 25 mm, F4,
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Table 2 Focusing amount of zoom lens at long focal length

position

Object distance Focusing amount /mm

—40°C 20°C +65°C

Infinity

+1.45 0 —0.91

#3 EEAE A
Table 3 Focusing amount of zoom lens at short focal length

position

Object distance Focusing amount /mm

—40°C 20°C +65°C

Infinity

—2.42 0 +1.59

i 4} £ 0. 0005, fiL> 0. 02 mm, 3% $e /N 5 7E LT 40 55 45
I B Sk R L rh AR 25 5 45 B ARIIE
3.3 TEHKHE

BT Y AR £5 R 40 R FH RS 25 S B0 A0 e AL A il 42 11
AR S B 3, S BUARRE i 2 A AL, R TR
BLUT R, AS SR AL G AL 56 i 250 fe . BF

EFL : 25mm-900mm

\ EFL
&0

ion Group

Zoom Group

F1l: 33.00 c/mm, tan
F2: 33.00 c/mm, tan
90-1F3: 33.00 c/mm, tan

F4: 33.00 c/mm, tan / / /
80.{F5: 33.00 c/mm, tan

Cumulative Probability (%)

| I
[ | [
| /
/

o.
0.178 0.149 0.119 0.089 0.060 0.030
Modulation Transfer Function

K7 A5
Fig. 7 Tolerance analysis
FHOG2A BT E CODEV 45 M 748 £ 2 G0 748 175 41 F b
H AR . LA TR AR A A AN A 1Y iz AT R
4% 91 4E A 600 (25~900 mm) F1 103 4 i (900~
1200 mm) , A8 A% 20 55 FMZ 27— — XL, DA 2
G0 e P AR AR ) I AR IR R TR AR 1 BN AE , X
FiE PRI 25 A28 F 0 B A UG T, 28 AR n 151 8 BT

EFL : 900mm—1200mm

Compensation Group
Zoom Group

28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 9 97 100105

(®)

KS ARMEHHE.(a) 25~900 mm;(b) 900~1200 mm
Fig. 8 Zoom data. (a) 25-900 mm;(bh) 900-1200 mm

P 8 25 H T 78 i AL RN A 2 72 A IOHI LA B £ T
S AR ARG B0, A8 A b Sk D6 1 07 R0, DN A o Oy R
PR B B BE (mm) o Horp B R LMz o, B
KATHE R 51. 82 mm~153. 07 mm, fMEH K AE L M is
LW T RS S HAFAE DI e, 43 0 4% 25~900 mm F
900~1200 mm %5 i} 42 fE 45 . W7 LLF 3, 900~
1200 mm B fE B JL-F- 2 M5 1k .

BE T B A AR A B v Dk AT A i SR AR fE R
G0 T B T 14 B N A i 21 A0 AR R SR A N 5] 9 BT
IR o RN B T 21 Ah AR R R SUEE BIL A R A 45 R
SF/NT 360 mm (£ ) X 238 mm($5) X 290 mm (5 ) , 4%
AR B g . ik — DR LT, R AL E ek
S50 0 b ORE SR BEBR A 4, 7 W R LB T AL
10. 6 kg.

front group servo system zoom group mechanical system

compensation

reflector
assembly

sl AR
3 |JUNE

rear group switching assembly

cooler assembly

K9 g/l i £ A0 R R A

Fig. 9 Compact mid-wave infrared zoom imager

4 4

BT T — 3 ORAE AR LA SR B R P 21 Ah it 227 50

1222002-6



F43%5 F 128/2023 F£ 6 B/ FFHR

SRS TR KO B R A RV 2D AR A
K HIE MU AN 5 i e il FF 45 A )5 41 D146 L bR
A F R LA B B I W P i e B Rk LB T
rRk 21 Ah 7 FE R G A E 25~1200 mm % 22 78 4k DA K /N
BRI B . LN E B2 R G A —40 C~
+60 “CHt T Bfg it & A0 R, o621 42 230 mm, ot
BRI 5 K A g 350 mm, LA 450y Bk ARk .
B R PR E R RAF &L, Tz N
FA A SR i m AR

2 % x W

(1] AFHms , 47, A4, 46 BL S0 R % 208 48 b 2T A S o
AGBTT] LN 5 2K B2, 2013, 32(4): 309-312, 324.
FuY P, Jin N, Li X N, et al. Airborne novel design for MWIR
continuous zoom optical system[J]. Journal of Infrared and
Millimeter Waves, 2013, 32(4): 309-312, 324.

(2] YL, BN, FHW, % 30X ik 2080 % LB O R
Bt ] A S HOE TR, 2012, 41(8): 2162-2166.

Jiang K, Zhou S Z, Wang Y B, et al. Design of 30X middle
infrared continuous zoom system[J]. Infrared and Laser
Engineering, 2012, 41(8): 2162-2166.

(3] MWITE, MputiE, e, 55 . SO ik 4T AME S A O R G
BT 6T 24, 2017, 46(5): 0522003,

Yang M Y, Yang H T, Qu R, et al. Design of high ratio middle
infrared continuous zoom optical system[J]. Acta Photonica
Sinica, 2017, 46(5): 0522003.

[4] ¥, 20 B RKEE R PR ES B E IO/ RS CN
112305732A[P]. 2021-02-02.

Peng Z X, Li Z. Ultra long focal length and high resolution
continuous zoom medium wave infrared
112305732A[P]. 2021-02-02.

(5] Fgapst AR5 R go i it (M db a0 B/ B Lol ji At
1988.

Tao C K. Design of zoom optical system[M]. Beijing: National
Defense Industry Press, 1988.

system: CN

(6]

(8]

[9]

[10]

[11]

[12]

[13]

A R, HEK R L R T PR AL AME O RGBT
SR, 2013, 33(4): 0422005.

LiY, Zhang B, Hong Y F. Design of large zoom ratio middle
wavelength infrared zoom optical system[J]. Acta Optica Sinica,
2013, 33(4): 0422005.

BRIT 3K, B B AR A LN BAR Y b P D40 O 2 R e it
(7). Y354 , 2020, 40(2): 0222001,

Chen H D, Xue C X. Design of mid-wave infrared optical
system with high variable ratio miniaturization[J]. Acta Optica
Sinica, 2020, 40(2): 0222001.

SRR, E M HLEOCAE A L 7 Th i 21 5 7 2 8 £ D62
RG] e SRR, 2018, 16(5): 20-25.

Zhang G W, Wang H T. Design of airborne mid-wave infrared
continuous zoom system with large zoom range and large field[J].
Optics & Optoelectronic Technology, 2018, 16(5): 20-25.

PN, w AR, A, S SRS RPGESE BN R G
] #5205k, 2022, 52(8): 1199-1203.

Sun H, Gao Y, Deng Y, et al. Longwave infrared optical
system based on three groups of linkage continuous zoom[J].
Laser & Infrared, 2022, 52(8): 1199-1203.

FE I, 85 . /N FRRLL AP XU B JE FA A 3 417 5 4 e 1%
U1 e, 2022, 42(14): 1422002,

Tian X H, Xue C X. Athermalization design of small F-number
refractive-diffractive telephoto objective lens in infrared dual-band
[J]. Acta Optica Sinica, 2022, 42(14): 1422002.

JA S, XL, PR L 25 A 208 i 2R AR R T ot
S2edf, 2012, 32(4): 0422001,

Zhou H, Liu Y, Sun Q. Mid-infrared zoom optical system with
ratio of 25[J]. Acta Optica Sinica, 2012, 32(4): 0422001.
FIBar, 5, #HAR . KRN O E Rk TR R R R Gk
T B4R, 2022, 42(4): 0422001

Yan A Q, Cui W, Dong S. Optical design of optical passive half-
athermalization zoom lens with high zoom ratio[J]. Acta Optica
Sinica, 2022, 42(4): 0422001.

JENESF, BRI, 200, 55 . P AR A i AL KA A I ok
FRGEBIT] b, 2022, 59(10): 1022001

Zhou Z P, Chen H, Ji H, et al. Design of lightweight long-wave
infrared athermalized optical system with hybrid refractive-
diffractive[J]. Acta Optica Sinica, 2022, 59(10): 1022001.

Optical System Design of MWIR Continuous Zoom Lens with
High Zoom Ratio
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Abstract

Objective

Infrared (IR) imaging technology has become a research hotspot in different countries because of its advantages

such as not being limited by day and night, being able to work all day, strong ability to penetrate smoke, and good

detection concealment. In recent years, with the development of high-performance and high-resolution large-array IR

detector technologies and the requirements of remote observation tasks such as border and coastal defense, various

advanced IR imaging systems have emerged. The IR continuous zoom optical system is widely used in military and civilian

fields. It can search for targets with a large field of view and observe distant targets with high resolution. In order to

improve the IR system'’s ability to identify distant targets at long focal lengths while ensuring target search with a large field

of view at short focal lengths, it is hoped that IR zoom optical system has a longer focal length and large zoom ratio.
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However, the longer focal length makes the diameter of the zoom optical system increase sharply. In addition to the

inherent secondary spectrum, a large number of chromatic aberrations and advanced spherical aberrations in optical
systems with long focal lengths will be introduced, which makes it difficult to design mid-wave infrared (MWIR)
continuous zoom system with a large zoom ratio. Some scholars have also carried out relevant research and design work,
but at present, the long focal length of the MWIR zoom system is less than 1000 mm; the detector resolution is mostly
640X 512, and the optical path structure of the MWIR zoom optical system is complex and large. It is hard to meet the
urgent demand of the new generation of photoelectric pods for high-definition MWIR zoom imaging systems with compact

sizes.

Methods In order to realize a compact design of IR zoom lens with a large zoom ratio, we propose a design idea and
method which adopt secondary imaging, positive group mechanical compensation of zoom lens, and smooth root
replacement and introduce a warm shield by switching the rear group of the zoom lens to change F-Number of the optical
system at long focal length. The optical path of the MWIR zoom lens is ingeniously folded by two mirrors. First, the IR
zoom optical system adopts a kind of optical path structure form with intermediate image planes and uses the zoom
differential equation to solve the initial structure of the zoom lens to meet the required zoom ratio (Fig. 1); second, pupil
aberration, especially pupil coma, is controlled in the optimization of the optical system to minimize the diameter of the
front group; third, the optical system adopts positive group compensation zoom lens. It has a negative zoom group and a
positive compensation group. The magnification of the zoom group and compensation group at a certain focal length
position during optimization is controlled to keep zoom group magnification and compensation group magnification at — 1,
so as to reduce zoom travel length and overall length of the MWIR zoom optical system as much as possible. Finally, two
mirrors are cleverly used to fold the optical path, and by switching the rear group of the zoom lens, a warm shield is
introduced to change F-number at a long focal length, which further reduces the diameter of the front group and keep IR

zoom lens more compact.

Results and Discussions Based on the proposed design method of a compact MRIR zoom lens, this paper uses a high-
resolution MWIR-cooled detector with a resolution of 1280X1024. The pixel size is 15 pm, and an MWIR continuous
zoom optical system with a zoom ratio of 48 times and focal length from 25 mm to 1200 mm has been designed (Figs. 2 and
3). While ensuring 100% efficiency of cold shield, the compact IR zoom lens is realized. The optical system has good
imaging quality within the operating temperature range of —40-60 “C (Fig. 6), and the maximum optical diameter of the
front group is 230 mm. The total optical length after folding is only 350 mm. This compact MWIR zoom optical system
has many advantages, such as a compact structure, large zoom ratio, long focal length, high resolution, and good imaging

quality, which can meet the requirements of the new generation of IR imaging systems (Fig. 9).

Conclusions In this paper, an MWIR continuous zoom optical system with a large zoom ratio and long focal length is
designed. The secondary imaging, positive group mechanical compensation, and smooth root replacement are used, and a
warm shield by switching the rear group of the zoom lens is introduced to change F-Number of the optical system at a long
focal length. The optical path is ingeniously folded by two mirrors, which realizes the compact and miniaturization design
of the MWIR continuous zoom system with a focal length from 25 mm to 1200 mm. The MWIR continuous zoom lens has
excellent imaging quality within the operating temperature range of —40-60 ‘C. The optical diameter of the front group is
230 mm, and the overall length after folding is only 350 mm. The overall size of the zoom thermal imager based on this
optical system is less than 360 mm (L) X 238 mm (W)X 290 mm (H). This compact MWIR zoom optical system has many
advantages, such as a compact structure, large zoom ratio, long focal length, high resolution, and good imaging quality,

which can be used in the new generation of high-performance photoelectric pods.

Key words optical design; infrared continuous zoom lens; mid-wave infrared; mechanical compensation; warm shield;

miniaturization
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