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Design of Concentric Multi-Scale System with Telecentricity
Compensation for Image Plane Stability
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Abstract At present, concentric multi-scale systems generally suffer from an unstable image plane of the sub-camera.
This problem directly leads to image misalignment in subsequent image stitching, which seriously affects the imaging
quality of systems. In response to this problem, this paper proposes a method based on the image-side telecentric optical
path to improve the image plane stability of the sub-camera and reduce the pressure from the subsequent image stitching.
The paper firstly explores the reason for misalignment and then analyzes the benefits of using the image-side telecentric
optical path in the concentric multi-scale systems. Finally, it designs a concentric multi-scale imaging system based on the
image-side telecentric optical path with good imaging performance. The imaging system has a focal length of 60 mm, an F
number of 3, a telecentricity of less than 0.2 mrad, and the total field of view of 70°. The defocused spot radius in each
field of view is smaller than the pixel size of the selected detector, and the modulation transfer function (MTF) of each field
of view is greater than 0. 6 at the Nyquist frequency of 108 Ip/mm. The concentric multi-scale imaging system with the
image-side telecentric structure can improve the image plane stability of the sub-camera from the aspect of optical
structure, thereby improving the quality and efficiency of subsequent image stitching. This paper also provides more ideas
and technical approaches for the future design of concentric multi-scale systems, having important theoretical and practical
significance.

Key words optical design; compensation for image plane stability; image-side telecentric optical path; concentric multi-

scale imaging system

KRB 2021-12-02; {EEIBH: 2022-01-03; FAB: 2022-01-24
BEE£WMB . | EBEBEE i AR5 B fr i 5L H (C21K003) MU 1 F TR (A21S003)
BEMEE . yanwei@ioe. ac. cn

1422001-1



https://dx.doi.org/10.3788/AOS202242.1422001
mailto:E-mail:yanwei@ioe.ac.cn

E 425 F148/2022 F£ 7 B/RFER

1 9 5

EHE I 7 (FOV) Fil 43 B 5602 i it R &R 48 1k
AE M P AS EZE A8 A, Bl 3 2 A2 R R G AN K &
J& TR B 5 T 3 R a3 R R0 SR R g
o RR R NG R A I i W (= R =R VAN NS &3
Fo 2 DR W AR R SR AT Tz N . A 2009
AF R 5T R 2F A Brady F BAHR B A 360 2 RO 1S
R4 [ i EL A B R A X Rl R R 4
A0, — A0 E BRI ) 8 A — A il /NG 2E o R £
FLARBESN S50, 45 1 T W58 i KA 3 W B g 01 RN i
NN 2R ZR G0 0 SR SR AR 3 S TE g T R PR R AR R .
O ZRERGEREM S~ 0, r 2508 T ENA
HMNBHIE N DY G S

ey 2 RO G & 46 nl DL S2 AR & 19 615 43 P
B PR LT B4 0 R P B2 4 B AR R K
Mo 1 RS AG W% 33X R I 2 ) IR A A PR R T AR K R
J1o Mkt T 2 RE NG R G WP RE O KE ]
VA2 S X6 FEO' 2 22 0 245 1) W iF 5 R o) JHL i s Pl A 0 4
BRI . X HOLE RGE M 5T F 2
TE 0 Ak R FRUZS 1 TR Ak I VR 5 9 4 A HIL 1Y HE A 7
A WFSE H A48 = R 2R 0F Y LAVE & i 7 R
T2 B RIS e MG P BN A AR 3 A A4 A 1 s 5D 25 4 5|
ARG R G, S0 TN R A R0 2 R
18 2 G5 5 6 e i AR P2 58k i i oY B AR v A
E AN i ey W |12/ T D=1 (ol A | A = <3 £}

Fore monocentric lens

- - -
Optical axis I

Object field

Cossairt A A AR 3 1% A1 BACKE A 30 2 RO %
F G0 R o WAG T 1 S AR A AR AR AL
FEMG AL B A IEAR 22 . AR SCHIAF ST 30 2 ROBE BIS &
Gr AR RT3 3 R T A St Y 2 25 K R b 2 ) i
PG PR FE BB, 52 B AR G0 1% I i A 4R T

BT, AR SO e Xt e st B PR 4 i & A S
PG AT T HAS M, 2 )5 IR I G 2 R G g M T
B A B R T — b R DA TR AR SR B A% T
ooy 2 RO G2 A% 2R S8 45 Wit LAVsR I o (&1 4%
P I 0 A0 38 7, B2 5 PE R ASCR RN P 4 A, DA T 4
Y RE ORI N -
2 Fn 2 RO R &R g0 5 A R B3

PEEEEE L 5 By

et 22 OB A% 2R 400 T AR B FE 40 & 1 R L %
B AR 2% B — A [0 Bk 32 35 45 i — 2L f R Ok AR LB
G 1, BRI 38 0 s AT AR, AR B
— YR, 5 7 R R R AR PR — A% v AT E A
% A BT 3 NS BUR R RS A T
FEBLAE 5 R AT P4, DT 2 ) SRR . 4R
1 5 1 % B3 3400k T 360 2 RO R G A7 A —
25 B In) 18, G rp DR 5 7 il R — A iR A R R Y HL 3
M 0 22 RUPE 3R G0 38 AR BGOSR 1 ), X 3 — (]
AL, 3 ) DA VLA DR 2 8 5 800 19 U1 49 L B8 4 T R
T W HEAT T RGN B A

Microcamera array

Intermediate image

1 S 2 JUBE R 2 40 e R

Fig. 1 Schematic diagram of concentric multi-scale imaging system
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Fig. 2 Examples of image stitching misalignment. (a)(b) Enlarged

schematic diagrams of splicing dislocation; (c) imaging

result of monocentric multi-scale camera
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Fig. 3 Secondary camera array arrangement
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Fig. 5 Diagrams of theoretical analysis of image stitching

misalignment. (a) Diagram of array camera imaging;

(b) diagram of single camera imaging
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Fig. 6 Schematic diagram of manual stitching effect
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Fig. 8 Schematic diagram of simplified model of concentric multi-scale imaging system
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Table 1  Design parameters of optical system

Fore

. ) Synthetic
Parameter monocentric  Microcamera
system
lens
Focal length /mm 200 18 60
F number 10 3 3
FOV /(%) 70 6 70
Wavelength Visible Visible Visible
Magnification — —0.3 —
6/() - — <4.29
Telecentricity /mrad — <0.1 <0.2

ABETE IR B9 2% 8 SONY ICX204 ¥ (1
CCD, tHRSH W% 2,
#£2 SONY ICX204 % A48 #5
Table 2 Technical specifications of SONY 1CX204

Parameter Value

Diagonal of CCD 6 mm
1032X 776
4.65 pm X 4.65 pm

Number of effective pixels

Pixel size

1

Frame rate 31 framers
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Fig. 9 Optical layout of fore monocentric objective
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Table 3 Structural parameters of concentric spherical lens
Surface Radius of curvature /mm Thickness /mm Glass Radius /mm
OBJ Infinity Infinity — Infinity
1 90. 549 22.549 H-QK3L 90. 549
2 68. 000 18.176 H-LAK52 68. 000
3 49. 824 49.824 H-FK95N 49. 824
STO Infinity 49. 824 H-FK95N 49. 824
5 —49.824 18.176 H-TF5 49.824
6 —68. 000 22.549 D-ZLLAF52LA 68. 000
7 —90. 549 109. 443 90. 549
IMA —200. 062 — 114.719
11 WL 35 BT 2R 500 45 44 4]
Fig. 11 Optical layout of secondary telecentric lens system
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Fig. 12 Image quality evaluation of secondary telecentric lens system. (a) Spot diagram; (b) ray fan; (c) curvature/distortion curves;

(d) MTF curves
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Table 5 Structural parameters of secondary telecentricity lens

Normalized height Telecentricity /mrad

1.0 0. 100
0.7 0.068
0.4 0.097
0.1 0.031
0 0
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Fig. 13 Optical layout of synthetic system
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Table 7 Structural parameters of synthetic system

Surface Radius of curvature /mm Thickness /mm Glass Radius /mm
OBJ Infinity Infinity — Infinity
1 85. 886 20. 853 H-K12 26.735
2 65.033 0 — 25.031
3 65.033 18.521 H-LAK3 25.031
4 46.511 0 — 22.721
5) 46.511 46.511 H-FK71A 22.721
6 Infinity 0 — 21.299
7 Infinity 46.511 H-FK71A 21.299
8 —46.511 0 — 19. 825
9 —46.511 18.521 H-LAK3 19. 825
10 —65.033 0. 000 — 20.768
11 —65.033 20. 853 H-K12 20.768
12 —85. 886 0 — 20.956
13 —85. 886 168. 622 — 20.956
14 38.290 5.000 H-ZBAF21 8. 506
15 177.987 9.209 — 8.077
16 10. 537 5. 858 H-ZPK1A 6.465
17 —56.897 5.168 H-F51 5.221
18 14. 643 2. 780 — 3.168
STO Infinity 2. 406 — 2.066
20 —5.050 1.515 H-ZF12 2.263
21 9.251 2.788 H-ZK20 2.945
22 —7.771 11.110 — 3. 458
23 58.783 2.152 H-ZLAF55C 6. 566
24 —18.191 0. 200 — 6. 609
25 15. 324 1.322 F3 6.090
26 34.210 0. 200 — 5.927
27 9.524 3. 350 H-BAK7A 5.438
28 —38.168 1.238 H-LAF54 4.810
29 7.142 4.462 — 3. 820
30 Infinity 0. 500 H-K9L 3. 204
31 Infinity 0. 100 — 3. 147
IMA Infinity — — 3.130
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Fig. 17 Image quality evaluation of different field of view channels. (a) Spot diagram of channel with central field of view of 0°; (b) spot
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