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Minitype optical system development of stereo camera

Meng Qingyu, Dong Jihong, Wang Dong, Zhao Weiguo
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: A minitype optical system used in stereo camera was designed based on civilian low cost
stereo imaging requirement, the optical system aimed to achieve 50 m ground sampling distance at 250 km
orbit altitude. This optical system can both achieve stereo imaging function and large format array
imaging function combined with a CMOS. The system has a focal length of 32 mm, a field of view of
66°, an F—number of 6.8 and a working wavelength range of 450—750 nm. The optical system consists
of two parts of optical configurations —retrofocus lens and apochromatic microscope. The system design
value of MTF achieves 0.49@78 lp/mm, distortion value less than 0.1%, the relative illumination of
marginal field of view achieves 0.83, principal ray incoming angle in image plane of marginal field less
than 15°. The testing result after optical mounting centering alignment shows that the MTF of each field
of view all achieve 0.4@80 lp/mm,which meets the static MTF requirement in laboratory. This optical
system has better performances in imaging width and distortion value compared with other international
famous stereo cameras.
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i S AL B R BV T 0.2 R . X RS
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I3, B R M6 R G, SR — ALY
ZA M S R BTSSR B RE , WA R B
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W1 S ARk 2 5ol WS R MANLR T 5
HRSC —FERy i %, Hd gk 15 A CCD 37
PRFBLAE H BFE CCD R — A A = 4B 88 10 4
JE TR, = SR AT B4 X — 4T CCD; Itk 2 5 1
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S2 channel

1 HRSC AHHLEE Hi
Fig.1 Image plane of HRSC
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j,‘ /Stereo camera

\(60{\0“

W —

Circular field
.~ of view

‘Windowing
array of pixel

(a) CMOS #R &5 IF % (b) =LA A%
(a) CMOS windowing pattern (b) Three-line array stereo imaging
Pl 2 7GR R

Fig.2 Schematic diagram of stereo imaging
e, AT DUAR R T A0S SR BB CMOS T B #8300 85 A [+
0B A = 2 OB B R AT AR o AL 6 A
N AE 250 km B w5 B D 3 TR 90 7 B R Ground

Sampling Distance (GSD) =L P 50 m , % 11 Ba A8 (A T
0.1%,

2 RAFESHHE

2.1 £ B8

Ve AR IR 28 MR T R 6.4 wm | AR ICHR
5120x3 840 ) CMOS [ PRI &S . 7F O AR #2158
JERSFRSEIL R, MSeil GSD=50m 845 (HLIH w5
H=250 km) , J:*% 52 G¢ L BE N 6 12

4 Ha
=
7 GSD

A H AHEEE, 250 km;a HIRICR ST, 6.4 pm,
2.2 5
TEEE RIS A FEml | A RECEF) H B

=32 mm (D)

i T AR S5 BB RO LI 5, D2 R G FA i A
2w>2arctan( mj{,2 )=65.24° (2)

A om Ry TREAR D255 FA 2K BE | 40.96 mm; £ 401G
RGN B 32 mm, B BRI AR R, BUEE L
Yifa 66°,

WRIE A A R B f, BA ik
SEBRM AR, AHLZE 250 km B3 755 5 AT 52 H0 256 kmx
192 km 11 55 M8 B A% , [ Lo =1 P9 A1 ST ARFR AL, B 1%
1 SR M HLAZ I8 96N 60 km@200 km, ik 2 5
SEARAAHL AR I8 96 N 43 km@100 km , HRSC 57 /A4
PLRAZIE 55 7 53 km@250 km , % AHAL Y AL I 55 2
A R AR
2.3 BHILE

FEZE LT A A BE e R A LR
2.3.1 ATAHARIR G PF A

HA 142 D 62 R G R AT S B4 3E 1 FH £
HER o FoRUTT .

_140" _ 140 3)
D ~ 206265-D )

FiZ M LT BB Nyquist 4 R fy=1/2a =
78.1 Ip/mm , L /3 HER a=f'f "'=3.77x10™ rad =
400 prad ;

140
206 265-D

HOFMLAY 1 420 K F 1.70 mm,
2.3.2 4 iE & (MTF)
MoteE R G R 2ZE M IE BT SR R BT, Sb2e R
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0418002-3



oMk TR

% 4 2

www.irla.cn

GE R IR A 128 PR BORE T R X LR,
Jo A% 18 PR A LR 25 Ta] A, T

_ 1
fmbs

KN NSHWKF=f/D,

HR 4l 777 S A BR 2 R G 0 A% 3o PR BN 2R, X4
7E Nyquist Sl 58 f,, Ab (1) 1% 356 R £ MTF(f,) i), AT k45
Sy F fe BG40 MTE(f,)=0.5 i}, f,=0.4fc; MTE(f,)=
0.4 B, £,=0.49f.. # MTF(f,)=0.5 B} ,f-=195 lp/mm
& A=600 nm, W F=(M,)"'=8.55,D=f"/F=3.74; X4
MTF(f,)=0.45 , ;=159 Ip/mm, F=10.48 , D=3.05 mm,

H T ZMPGE RGN K, Wik 60°L
b, AVTABIRSGE, B AOME ORI T AT S A R B
18, L5534, AR B OGF R Ge Ak i R B AR LR &
FR  BOLE R G AR 5 mm, R T HLF 24K,
3 R s S H AT Y A5 38 s B B 0.5, 7
AR, LS BOG2E R G T S URREATR T (%
8 PR T 0.4, Z745 PR IE A ML S A% 28 pR BRI T
0.2 IER

()

3 EERSZILIT

3.1 ZEHsH

Je2E S5 MY X B T BEAR I A ML R BE | AH
LR SO Ak E . BRI R G MR
=32 mm, MIXTFLEE DIf'=1:6.8, MIZ 1l 20=66°, X
P fARERAR P RGERBMEL I, EH
K A E H T B A = RO R G R A
WAL Ky 10°x4°t1 - B fz 59 0 R G gy SC a0 ) £
WA, RSN SRR R TENLRSE, AGE
Rzt E ., B REEWIE R Z R, A
MERE, WS TR e BT A E RS,
EXF T30 BRI G2 R e, IR &% 4 AE A
78 Ip/mm, ZEE T 5 T 1 5 ST AR A PLAY
36 Ip/mm Fl#k i 2 5 57 AR A HLAY 50 Ip/mm , 7R & T
HRSC AR MHLEY 71 Ip/mm, W% 1 iR, BAEX
B I RRIE AT N SE L) M2 R E (2w=66°) %
TG MG LR BT 0.4, BHNELHNH R
vt A% 18 pR B R FE S B B — e MERE Ut
HhZOGE R G BA TAERE B9 (450~750 nm) | Fi
ERUE/IN0.1%) 52K ik 45 Ryt 5 A
RBRAMERE

% 45 %
& 1 iEHRXTEE
Tab.1 Index contrast
Chang’e—1 Chang'e-2 HRSC Stereo
Index stereo stereo stereo camera in
camera camera camera this paper
Focal length o o . .
23.33 144.3 175 32
/mm
Field of view
O 40 42 40 66
1(°)
Imaging width
75 107.5 53 256
(H=250 km)
Relative
1:5.13 1:9 1:5.6 1:6.4
aperture
Spect band
PECIUm BANC 500-750  450-520  400-1000  450-750
/pm
Spectrum band
. 250 70 600 300
width/pm
Pixel size/pwm 14 10 7 6.4
Nyquist
frequency 36 50 71 78
/lp-mm™!
Distortion <0.5% <0.5% <1% <0.1%
GSD/m
1 1 1
I 50 7 0 50

3.2 XERFZIEIT

25 Z R B IR R S0, R GE TR SR I A
HEEEEH A A IR, B T8 AR LD
b B AR RS RS B — X RR I TR
AR 25 B RE , FLA G IR F o B I B G~ B =K AR
N RGITT, B R A A BERDGZ R
S AR T TE O DR S /NG 3R €8 25 T R 4
F, A et RGN 4 T 4G (22 i B
AR B S5 R T T R R 2 A T A5 AE LR
O BRI R S R GERGEB T ], WSS WAL e, A&
BAETE— R E SR 2,

JE HAR ZE R, SR HTBUAR G W] B 55 H-TF3L
(OB S5 H-FK61 (1IE A B IE Wi mT— 48U &
B R OG) H TRCIE .25, R | HTF3L(1E G R
)5 HFK61 (G BT MU — 4 58 WU 5 i 5,
MET REREIILZE R REEINE 3 PR,

B I — A HE R KI5 R G ok g
R WA RGO BE AR T FA
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BN AR IR B R SO L A AR 4 O
FEAR AR T L GO KA BE A B R G, el
BAE A L 14155 55 BV 2= R BCN 100%, HAa R
WA/, GRS L, BOR BT A B B 1Y
FEWMEZ —, AN, BT ZAHLEERH CMOS H#EI %%
F B PERERY IR, JEERAE AR 2S 19 A S A B
M R0 s B R KT O AL, T 1 4 s 4 B RN 3%
PRI BE B BOGZRAE BRI 48 1 00 A £ B TR BRE AR 2R
G U EE, W RRRIE S T 3R RS
M ASH R I H Bl A i, e RMEIA S T-45%,
Ve iR, B0 &G m AR 150, 1
LA AA AT IR (B N 83.8%, 1Lws T-408% 4 W5 %
RN GAN IR 49.5% , K 5 FT7R . G802
WD I, e 28 AFTHIL %) 2 T AR 6 B B8 i 37 60 % 2 /R

R 2 EHEBEMNEE

Tab.2 Relative illumination of image plane

Principal

CMOS

Field of cos'w Design Multiple
view/(°) value value . r.ay angular response
incident  response
0 1 1 0 1 1
3 0.995 0.999 1.27 1 0.999
0.978 0.995 2.54 0.99 0.985
9 0.952 0.990 3.82 0.99 0.980
12 0.915 0.981 5.12 0.98 0.961
15 0.871 0.970 6.42 0.98 0.951
18 0.818 0.956 7.75 0.97 0.927
21 0.760 0.940 9.11 0.96 0.902
24 0.696 0.920 10.5 0.96 0.883
27 0.630 0.897 11.94 0.94 0.843
30 0.563 0.870 13.43 0.90 0.783
33 0.495 0.838 15.00 0.87 0.729

B E 5 AR NA , Bt AR I ARRR T, 285

Fig

1.0%

.3 Optical system configuration

VAL G |, 62 R G AL i AR, 25 41k
T 0.49@78 Ip/mm, “F- ¥ {E L T 0.53@78 Ip/m (4 &
6.3 2), F RS AR AT C Ak, JUART B 25 /)
T 0.1% , W 2 UBHE bR, A& 7 s

1.0

0.9r sy

0.8F SRS
2 0.7 S=mm e
£ 0.6t Diffraction limit =~ g -
g 0.sp T, Axis =3
B 0.4 0.5field 16.50°  Wavelength Weight
=

0.7field23.10°  750.0nm

0.3 o 675.0nm 1
0.9%} 0.2 8'322}52%0 600.0nm 1
@ 0.8% | e s 525.0nm 1
£ 0.8%r 0.1r=- - : =% 1.0 field 33.00 450.0nm 1
& 7% 8 16 24 32 40 48 56 64 72
o 0.6%f Spatial frequency/cycles-mm™
R AR
o i )
S 0.4% &l 6 Jair i PR AL
0.3%F
oot s Fig.6 Modulation transfer function
7550 -40-30 20 -10 0 10 20 30 40 50 A A
Anele of i ine lieht/(° Astigmatic
ngle of incoming light/(*) field curves Distortion
T1 s1 Angle/(°) Angle/(°)
§ . vz 33.00 r33.00
4 R #8625 A AR R R X ) i g
Fig.4 Angular response
1.0Y r24.75 L2475
£ 0.9%f e \
g N
S 0.8%f . |16,50 F16.50
g Y
= 0.7%f Y
2 0.6%f g 8.25
< 0.5%L ~—~~Design value v ’
o — : A . 1
Cosine fourth-power value [ H
0.49 \ \ \ L L L .
o 5 10 15 20 25 30 35 i ) ) ) ) )
0.1 0.2 -02% -0.1% 0 0.1% 0.2%

Field of view/(®)

-0.2 -0.1

0

Focus/mm

Distortion

Fig.5 Relative illumination of optical system

P 5 Stoe Z Ge f T A IR 2

image plane

Bl 7 o R Ge i 5 w Ag

Fig.7 Astigmatic field curves and distortion
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MTF {H 97.7%(20) ARERIET 0.41@78 Ip/mm, 1
4 NEDH L T2 MTF=0.5 VCHCT |, a] DL R AR DL 0628 0 5%

DL ARG Be S, 37 A R, PR 2 A i A3 %
15, B AR EEOR A X BN RGO E O R G R
AR B v 1Y) 2 PR FE BEOK i DG A e A
CODE V"It ZGEHAT S 220007, 6 R GG A 22
Wk 3 PR, RGEHMAZWNER 4 s, £3 5
Fa i N BB, Ad NRENE  x NBBR A
%, And NI RATETRAN 2 Avd WFRMEELA 22, 75
WA ZET DG E RGN MTF RILAE 8 iR, REE

RIXFREHENE

Tab.3 Manufacture tolerance of optical system

Manufacture tolerance Glass tolerance

Lens Surface
N RMS Ad/mm x/(") And Avd

1 1 1 1/60
0.02 30 0.0005 0.5%
1 2 1 1/60
23 1 1/60
10 0.02 30 0.0005 0.5%
24 1 1/60

RAXFRGERARNE

Tab.4 Alignment tolerance of optical system

Alignment tolerance

Lens Surface Group Bonding
Ad/mm Tilt/(")  decenter  decenter
/mm /(")
1
1 0.02 20 0.01 -
2
10 23 0.02 20 0.01 -
100%
90%[
>
= 80%
s 70%
=}
E 60%[
o S50%f
Z 40%f
-] (1
E’ 30%[ )
5 20%t /' / gi
10%[ .;/" /
oo

0 A L
0.557 0.524 0.491 0.458 0.426 0.392
Modulation transfer function

P 8 AL i RN 22 R I
Fig.8 MTF tolerance performance

B PREE T 0.2 BB A T 0.1 AFRFRZOR

5 SLMER

MRl 28 22 43 BT B, 3B B il O vl 1] B 2 22
TE+0.02 mm 5 2, B O 7E 207 4, B B T Y
(1025 RS B R TR B L AN BESEERAY , et R G RE AR
FHRS B 52 0 G119 NG B BN B, FH B AR A
B By . (P UN L ek VST WA Daala O N 87 87
Y G % O REE A — R 1 i e A 7 1
FERI , AN & 9 B, A0 R H fe iV, IR
BT WL R GR T = B 4540, 4 B fa 78
FE DY b 58 R OB I, PR = BB O
KRG D HIE 207, SE RS EC O BE AR A 10
FiR RO A% 1 o 5 XS0 25 i I 1 B A 0k
1 MTF U3, 75 2 s g5 S an el 11 fos . it

Lens mount

Interferometer Lens

P9 X TR 1 B3 B8 R AT TR A
Fig.9 Shape error testing of mounted lens

Lens

.Supo;te.r for. testing
P10 58 ke e A9 85 Sk

Fig.10 Alignment completed lens

100%
90%|
80%|
70%|
60%|
50%|
40%|
30%|
20% —— T-trace
10%| (a) 0 field of view -=- S-trace

0 40 80

Frequency/lp-mm™

Modulation
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Vole0s feldotviey ,___-e-Simce | 52 R, LR B AT — 2 B,
Frequency/lp-mm*
100% S 23k
90%[
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