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Design of an infrared zoom imaging system based on concentric
spherical lens with wide FOV and high resolution

YANG Wei'?, LIU Jia-Wei'?, HAN Ping—Li]'z, SHAO Xiao—Peng]'z, ZHAO Xiao—Mingl'z*
(1. Xi’an Key Laboratory of Computational Imaging, Xidian University, Xi’an 710071, China;
2. School of Physics and Optoelectronic Engineering, Xidian University, Xi’an 710071, China)

Abstract: For staring infrared imaging warning equipment, both wide field of view (FOV) surveillance
and accurate target detection are urgently demanded. To meet this requirement, we designed an infra-
red zoom surveillance system based on concentric spherical lens in this study. It consists of a multi-lay-
er concentric spherical lens and an array of independent continuous zoom cameras. With the spherical
lens, a wide FOV is achievable benefiting from its structure. The small camera array enables imaging
the target scene into sub-regions. And with the continuous zoom ability, the camera array makes it pos-
sible for simultaneous wide FOV surveillance and target identification. When potential targets are de-
tected, further determination and identification can be made by zooming in the corresponding camera
to provide high-resolution images. Results show that the modulation transfer function (MTF) curves
of the infrared imaging system in the full zoom range are close to the diffraction limit. The zoom curve
is smooth avoiding the occurrence of jamming, impact and other adverse phenomena in the zoom pro-
cess. It provides feasible solution for large field monitoring and high-resolution target identification.
Key words: optics, wide field of view (FOV) imaging, concentric spherical lens, full-motion zoom,
target detection and identification, infrared system
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Fig. 1 Schematic diagram of the optical imaging system
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Fig. 2 Schematic diagram of the zoom system
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Table 1 Design parameters of the optical system

Parameter Specification
Focal length range/mm 68~136 mm
Wavelength band/pm 8~12
Zoom ration 2X
Total track/mm <1 000
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Table 2 Initial structural parameters of the spherical lens

Surf: Type Radius ~ Thickness  Glass  Semi-Diameter
0(0BJ) Infinity Infinity - Infinity
1 50. 099 21.266 CDSE 49. 600
2 28.833 28.814 CSBR 28.700
3(STO) Infinity 27.539 CSBR 27. 100
4 -27. 520 22.59%4 CDSE 27. 100
5 -50.114 49.730 - 49. 600
6(IMA) -99. 844 - - 49. 981
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Fig.3 Concentric spherical lens structure
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Table 3 Seidel aberration coefficients of the concen-

tric spherical lens

Seidel {522 72 %L ZHL(N)
BR2E Wy, 1.3390
HEW,, -0.000 5
Wy, 0. 000 0
i W, 65.104 2
W75 W, -0.0129

Bl 22 W, 0.089 0
MR E2E W), 0.000 0

3.3 RZNBNIEIT REEREMRIL

WP NABLBE SIS — RS R 5 F 2k
MBI, BREFH T R T 5 H A S0

—RBRIEAR T , U/ MBI FIHE A% HE I8 iy
TAMAAAAEE R T EIR, a1 EHR AT

ARG i 7 B BB AN IR G/ ML
F AL fE I RE AR S R H AR 18 R 5 miks i H
PRI AR , R 2 s 28 fR B Be If 45
RGBT b ZOR AT A M e T 4RI C AL
FAZZERETA , fiff D, D, 1 D, — A2 7EAE £ 5
R AR ST 2 By S IS 5 A9 [R] A x5 T B sl R AT

M

Bk ak a5 5 AR SR DI RE AN , IR/ N AILIE 51 1
THHIA T % B E EW B R 15 2% . h TERB B
1Y [E A Petzval 1, T BUGF- 1 By v b 5 ih 24k
RO 2 B AN — R FH B0 A A9~ T 000 88 TG 72 e
DAL b 3 5 T4 R R HE A 1) Uk G/ AR AL 71
FEHEAR T — Uk i A% i B 5 =N 3 il g
JoE RS . BRI R 2 W 3 o) A S ARk
SR FHR G/ N BIL B B TR M

L0 BRI BT 245 4 AR L TC 1B e, IR
B AS 2 Ge 0 AT AR 5 30 62 W e & g Sk
15, PR LR G/ INAHAIL B 37 ] SR B ) B4 G 2 2544
e B DI IR B G R GERI AT, AT R
bttt #2 . R DGR T B ZEMAX X & 48
BT, R = AN AN TR A2 1 4 42 68 mm  Hp
£ 100 mm FTK £ 136 mm 33156 2 50K 1Y 728 #8545
¥, RGe e A L5 A E I 5 TR

A1 A2 Am3

(a) =68 mm

A1 A2 463

o

(b) ££100 mm
A1 02 A3

(¢) /=136 mm
5 AR RG L A

Fig.5 The structure of zoom system



810 g hh 5 2 oKk I e 38 4

L¢1_o
© 0.8
L
2 06
= )
E .50'4
Z0. 02
= =
Z O 60 120 180 240 300> ° 6.0 50 240 300 % 60 120 180 240 300

Spatial Frequency in cycles per mm
(a) f~68mm

K6 FHREMTF 4
Fig.6 MTF curve of the imaging system

PG 3% pR AL (MTE) f 28225 BT - R 5t
AR T ) E B 5L RS R (68 mm) (AR
(100 mm) FI4 £ (136 mm) &b A MTF fh 28 dn & 6 fr
N, TEAS SRV IR N 3R GE7E 38 037 1 4% 3 R S 46
B H BT R, 7E =R EA RS
TE25 [ 45 2% 29 1p/mm 4 MTF {1 A1 3% 0. 2, H.1% 3%
PRI T B, U R G AE R fE I PG B A

17 FE 8 43 51l Sk 22 45 0 50 R R g i 7 A8
P& 7 A0 = AN [ £ B Ak 4 B s 3 T e R RT O
BIo7 i AR (RMS) B A /INT 2: R S8 AT S R
SHRGE R EFIER O RL. K8 h ARG 5
W ARSI, S M AE 0. 2 mm LA P, BG4S <£5% , T 5 3
i AE A 8 LN Wt R RIS AR R oK

RS HT R I T AR R FS R T A 2 R S
O ERIE L LA AR 2R G AE 2 fE R N 4% S 809
SRV EOR RO R4F .

3.4 THEORMEKINE

A A B R AR AR R G S B AR R S AR Ak i G
R BRI UE R G S s S KR — 2 R R
s i R ER TR . R F R Bl R Bl
T TR RS P A B ARG Sl LA 7 3 i 5 2E T Ll
BRGNS L. Nt e s
FBRGF T B T ar mEE I, R AR
e Zene e bt a: R G AR FE R B Pk 11 P AN
Sl SR A,

MARGOCE S B (ISR S ORL 0] b S R 1w
B E S, T E RG4S s S A B Bl i 2 1]
BYXT R 2, B e £k . 78 ZEMAX FP kA
FEZE M, T BB AN B2 B (E R A 24T AL b
K MATLAB 5 ZEMAX B &AL 7 S oe i 24
FERFAEE A R . 1 M MATLAB X400 4 50 5
AT LG A5 200 4G A FE i 28 SR 5 H ZEMAX fifk
L2 R EOR , e Jn R R 9 2 1R
B RS A 138 Sh B h 2.

ZAINEL AR R G R e s AT

Spatial Frequency in cycles per mm
(b) ~100mm

Spatial Frequency in cycles per mm

(¢) f=136mm
OBJ:0.00(deg) OBJ:2.95(deg)
(=3
{HO, ®
(=3
=
IMA:0.00 mm IMA:-3.507 mm

OBJ4.13(deg)  OBJ:5.90(deg) OBI: - 2.95(deg)

©@ ® ©®

IMA: - 4.934 mm IMA:-7.173 mm IMA:3.507 mm
OBIJ: 4.13(deg) OBIJ: -5.90(deg)

® ®

IMA:4.934 mm IMA:7.173 mm
(a)

OBJ:0.00(deg) OBJ:2.00(deg)
(=3
| ® (@
(=3
=

IMA:0.00 mm IMA:- 3.503 mm

OBJ:2.80(deg) OBI:4.00(deg) OBJ: -2.00(deg)
IMA: -4.927mm IMA: -7.162 mm IMA:3.503 mm

OBJ: -2.80(deg) OBJ: - 4.00(deg)

® ®

IMA:4.927 mm IMA:7.162 mm
(b)
OBJ:0.00(deg) OBIJ:1.50(deg)
S
X ® ®
IMA:0.00 mm IMA=-3.578 mm

OBJ2.10(deg) OBJ:3.00(deg) OBJ: -1.50(deg)

¢ & o

IMA:-5.038mm IMA:-7.345mm  IMA:3.578 mm
OBJ: -2.80(deg) OBJ:-4.00(deg)

¢ ¢
IMA:5.038 mm IMA:7.345 mm
()
F7 Z%5E5K (a) £~68 mm, (b) £~100 mm, (c) =136 mm
Fig.7 Spot diagram of the imaging system (a) /=68 mm, (b) /=
100 mm, (¢) /<136 mm



W AR T ILOERB BT K 7 BRSNS RN R RGBT

6 4] 811
Field Curvature F-Tan(Theta) Diatortion Field Curvature F-Tan(Theta) Diatortion
5.9 40 EE 4.0
!l
3.0 (-1 3.0
40 fi
2.0 1 2.0
2.0 10 .'l\ 1.0
0 0 0
010 50 R so 010 0 010 50 0 5.0
Millimeters Percent Millimeters Percent
(a) f=68 mm (b) /=100 mm
Field Curvature F-Tan(Theta) Diatortion
3.0 ~ - 3.0
% '=:
2.0 VAL 2.0
1.0 V% 1.0
1
l
0 0
-0.20 0 0.20 -5.0 0 5.0
Millimeters Percent
() /=136 mm
K8  Fgiyih/miL R gk
Fig.8 Field-curve and distortion of the imaging system
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