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Off-axis three-mirror freeform optical system with

large linear field of view

Meng Qingyu', Wang Hongyuan®, Wang Yan', Ji Zhenhua', Wang Dong'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. Research Center for Space Optical Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: An off-axis three-mirror system with large linear field of view was designed. The system is
with a focal length of 1200 mm, a F—number of 12, a linear field of view of 30°x1°. In the system, x—
y polynomial freeform surface was applied as the tertiary mirror surface type to increase the system
design degree of freedom, furthermore, in order to bring considerable convenience to alignment, and
obtain an axial symmetrical imaging quality about the tangential plane, the x—y polynomial was modified.
The design results show that system modulation transfer function value is above 0.45@50 Ip/mm,
wavefront error maximum value is 0.056A (A =0.632 8 wm), RMS wavefront error value is 0.036A,
maximum distortion value is 0.8%, and the imaging quality is symmetrical about the tangential plane.
The realizable tolerance values are allocated, and based on Monte Carlo analysis method the tolerance
analysis results show that the system RMS wavefront error is less than A/14. The off-axis three-mirror
system has a certain reference value for remote sensor optical system design, and it is suitable for wide
swath linear pushbroom imaging system.

Key words: optical design; freeform surface; large linear field of view; off-axis system

Y #5 B 8 :2016-02-05; &7 H # . 2016-03-09
EE& B . i K %3 4 (J7220140151)
& & . K F5(1986-) , 55, BY B 50 5, 32 28 )\ 3255 A 3 K 28O0 2% &R 4o % ik 5 0F il J7 T 09 B 5% . Email:mqyzx @163.com

1018002-1



L oh ok AR

% 10 H www.irla.cn % 45 %
N Ay(B1, B2) Bi(B:, B2) Ci(ay, as, Bs)
0 gl ﬁ S[] = A2(O) Bz(al ) Bl ’ BZ) CZ(al B (6% ) Bl ’ BZ) X

RETAOC¥ R G T HA RIFM R X6
25 Gy LA AEEE WA R O AR MR SR s
N T s ) e 4n [ b S S 2 AR G T AR
LR I W il = A B2 L N B 7 B e el D e
ez 2 8ok B 2 1y SN2 B, B SPOT-5 .
QuickBird ,ALOS-2 ,CARTOSAT-1 ~ 183 iy — kit
B B 0 44 3 AR AL 1 O 22 R GE 3R F T S il ) 4 X
ARG ,

SR, SR FH 87 B TR 1) 8 b R S 2Ok 2 R G h
TAHRA T B i AR S B R, A i 5
Z B TR, BEE LS B T MG A i K OF
M3 T AR, A 5K AR 226 IEBE AT LA 4
HE = w Bt A B e e Ok B 2 N T
E R AR BB E R g, b Al Sy e R
G v JoT i ARUBT 0 S A R T R I R [ Ah—
LG 2 E T H G B Bl & A T R
N U EAS X6 H b 20 A8 U 35 HOIRLS 5 3 [
FRUH A 0T H SCUBA-2 wh, [ i il i 34 %)k
HRGARTRTI RS T EEAAEM i E A RHFL
FAE B E L S A R T R TR £
TAE NG 4R K% 5 KRR TE 2014 4F &3t I i &
T ARE @100 mm, A XFfL4E 1:1.38, 7 3 4°%5°
1 Bl TMA D6 R e i B R B K B G # i %
HUBE 5 ) BRI 52 P 0 B i R i e R b i T
B, RGBT T,

IR 25 AT W AR 9E TARDD R T — R T
x—y A E M REW T B8 =% R2%, IF4
T BT RO . % R G A R R A OL 2 R
SRR S ME, Wb G KR TE X
AR R G

1 XFRGFEIT

1.1 #IREHIKAE

B = G s 2R G0 R 5 A A AT BB SR f#
200 L H SR — AN TR = R 2 R G AR TT IR
AATEE R ST WS 0 R G R L AR B | A A
SR N — B B i = R A RS
=g AW A K (1),

S Ay (0) By, Bi, Bo) Cylou, s, Bi, Bo)

-k Di(ay, as, B, B2)

—ky |+ | Dy, s, B, B2) (1)

—ks {DS(al , 0, B, B2)
A Sy S S 23 B R FETE IR IR 22 E 22 R =
PR 22 BBk, ko, —ks 9 FE B KBS BRI
IR BRI R EGAL B, CLD(i=1,2,3) )2 a, o, B, B )
PREL, o OB FE B 0 A L 5 0 O R B
AEES2 LY 5 By W IR BE IR 5 By Ty = BEORAE,

Si= - 1—ki= B! B, B, (14 B = kanau(1+6,)*+

B, (1+B) (1-B1) ~ (14 (1-B.)’] (2)

S==b«n—h6§ﬂ+303_kﬂaxar4)+3m1—ag],
! AB\B. AB\B.
(a=1)B, (1+B)(1-B)*
4B.B:

[ax(a=D)+B,(1-a)](1+B)(1=B5)* _ 1 (3)
48,8, 2

Sy= ksBo(ar=1)*(A+B1)° _ ks[ax(an=1)+B,(1-a)]* |
40113? 40‘10‘23? B?
(14B,)*+ Bz(a1—1)2(1+€l)(1_31)2 _ 1 e
4<a]Bl 4‘(1]“231 BZ
| S
01131

Bo(a—1D)(1+B)(1-1)— [ax(a=D)+B(1-a,)] |
al“ZBlBZ

(1+B2)(1-B2)— BB+ BZ(i:-BL) 146 )

a0

(1+B.)*+

[ar(a=1)+Bi(1-0) TP(1+8.) (1-B,)*—

A AR T7 30, = R GE AT oy e Hh G K
=B la) A b e e B AT R R S PR
AR ILFIE X oo, oo, Br, Be BN R ECME B, 7] 3K
fige i PO AR [RDE OGS R R IR S, fLAROE W
METWE R =R ARG, hT EES =BT K8
HAT X AR A A T 2 b 522 i RCIE i TR AR TE
R R G S B W06 45 MK g i 7 b AR A
25, e To b R A S8 e VR O VS N S A
0y, B, B BUAH, SKRHAE S Sy S BE B/ HL IR i 5
QA R RO & 15 B, R4S TR B = R S0 iR
SER IR T BTN TR B Al B S A A, B R
= Wi dn gt e 2 TR, BRI EE oo, 00, B

1018002-2



L oh ok AR

% 10 &

www.irla.cn

% 45 %

B W AAE, AT LLARAS Ry 5 3 W) s 5 4, X A A
FoERGE WG R, WG S KT, @,=0.5,
=2,B=B=1, K15 $=0,85,=0,Sy=-0.000 017 #Y 7]
WIS RS RIn-3° R B, 3K1% S=0,
Su=0, Sy=—0.069 Y & 4 = W1t &5 F . B #f K5 3¢
k5 TR A X S R S B S R R RN IR A
R B X BN 2 i,

___—é}_ _______________

P 1 R] Al 40 0 245

Fig.1 Coaxial initial configuration
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Fig.2 Initial configuration with off-axis angles
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Tab.1 Aberration performance
Fringe Zernike item
No. Item o vy Coef-
' power power ficient 1 2 3 4 5 6 7 8 9 10 11
piston  Tilt—x  Tilt—y defocus Astig—0° Astig—45° Coma-x Coma-y Spherical Trefoil Trefoil-y
1 XY 1 0 le-5 0 0 0 0 0 0 0 0 0 0 0
2 XY 0 1 le-5 0 0 0 0 0 0 0 0 0 0 0
3 XY 2 0 le-5 -4.9386 0 0 -4.9356 -9.8757 0 0 0 0.0030 0 0
4 XY 1 1 le-5 -0.0001 0 0 -0.0001 0 -9.8752 0 0 0 0 0
5 XV 0 2 le-5 -4.9386 0 0 -4.9356 9.8757 0 0 0 0.0030 0 0
6 XY 3 0 le-7 0 -2.4692 0 0 0 0 -1.2332 0 0 -1.2345 0
7 XY 2 1 le-7 0 0 -0.8231 0 0 0 0 -0.4111 0 0 -1.2344
8 Xv 1 2 le-7 0 -0.8231 0 0 0 0 -0.4111 0 0 1.234 4 0
9 X% 0 3 le-7 0 0 —2.4692 0 0 0 0 -1.2332 0 0 1.2345
10 XY 4 0 le-9 -0.1543 0 0 -0.2313 -0.4624 0 0 0 -0.0767 0 0
1 Xy 3 1 le-9 0 0 0 0 0 0 -0.2313 0 0 0 0
12 Xy 2 2 le-9 -0.0515 0 0 -0.0773 0 0 0 0 —-0.0259 0 0
13 X'v¥ 1 3 le-9 0 0 0 0 0 -0.2315 0 0 0 0 0
14 XY 0 4 le-9 -0.1543 0 0 -0.2314  0.463 0 0 0 -0.077 0 0
15 XY 5 0 le-9 -0.0006 -9.6498 0 -0.0014  -0.0026 0 =7.7141 0 -0.0011 -7.7189 0
16 X' 4 1 le-9 -0.0001 0 -1.9293 -0.0002 -0.0002 0 0 -1.5423 -0.0001 0 -4.6297
17 Xy 3 2 le-9 0 -1.9293 0 -0.0001 0 0 -1.5423 0 -0.0001 1.5432 0
18 X7 2 3 le-9 0 0 -1.9293 -0.0001 0 0 0 -1.5423 -0.0001 0 -1.5432
19 X'v* 1 4 le-9 -0.0001 -1.9293 0 -0.0002  0.0002 0 -1.5423 0 -0.0001 4.6297 0
20 XY 0 5 le-9 -0.0006 0 -9.6498 -0.0014 0.0026 0 0 -7.7141 -0.0011 0 7.7189
21 XY o6 0 le-11 -0.603 0 0 -1.085 -2.1697 0 0 0 -0.6022 0 0
22 XY 5 1 le-11 0 0 0 0 0 -0.7237 0 0 0 0 0
23 X'V 4 2 le-11 -0.1206 0 0 -0.217  -0.1455 0 0 0 -0.1204 0 0
24 XY 3 3 le-11 0 0 0 0 0 -0.4338 0 0 0 0 0
25 XY 2 4 le-11 -0.1206 0 0 -0.217  0.1455 0 0 0 -0.1204 0 0
26 XY 1 5 le-11 0 0 0 0 0 -0.7237 0 0 0 0 0
27 XY 0 6 le-11 -0.603 0 0 -1.085  2.1697 0 0 0 -0.6022 0 0
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Tab.2 Configuration parameters of optical system

Surface Radius Distance . Mirror
Conic .
type /mm /mm size/mm
S 2 2 s ok E
SRRIE L PM N V;;e —2521.8  -645 —1.908 900x135
Fig.3 Optical system configuration P
) o o SM Sphere  -845.4  -645 0 @50
1:12, 560 9 30°x1°, R Geim Bt , E B8R
E,— vhr S F 18| By 72 ] N XY
T VAR BRI IR, = BER T e O O me X im ws ows sl
TotEF RGO ERZE, BT A ihm s mt
k3-HEBAESH
Tab.3 Polynomial parameters of freeform tertiary mirror
No. Item Coefficient A; No. Item Coefficient A; No. Item Coefficient A;
1 X'y’ 0 10 Xy’ -3.365 3e-013 19 X'yt 0
2 X'y —4.345 9e—-005 11 XY 0 20 X'y —2.2554e-013
3 X2y’ —2.337 5e-007 12 X2y? —2.452 0e-012 21 Xy -7.053 7e-019
4 X'y 0 13 X'y 0 22 Xy 0
5 X'y -9.893 6e-007 14 Xyt —6.637 4e—011 23 X'y? 8.321 3e-019
6 Xy’ 0 15 Xy 0 24 Xy 0
7 XY -5.585 2e—-010 16 X! 9.191 6e-016 25 Xyt —-3.405 2e-018
8 X'y? 0 17 X*y? 0 26 X'y 0
9 X'y -9.972 6e-009 18 xX2ys —1.066 8e-015 27 X0y° -3.147 2e-016

22 BRAW
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0.056A , 7 ¥ I 1% 25 RMS fH K 0.036A, Q& 6 iR,
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Tab.4 Tolerance value

Manufacture tolerance Alignment tolerance
AR T A100, B4 ml S 3 Shape
=~ error Radius/ Coni Decenter Tilt/(") Rotation
2.3 NEHMW ey mm M mm 1"
Ly DY _ S 2 4 I\
RGBT » N J1 Monte—Carlo J5 i #4712 PM 1/50  %0.5%0 +0.002 Reference for alignment
20 M, K 500 U, LR 8w i A 3 A5 AR Sl RRAE S SM  1/60  £0.5% - 0.1 %10 %10

HEAT A0 MT , DA Th BROR VIR AE g 28 25 43 B AR B 2 24 33 TM  1/50  +0.5% +0.0007 =0.1 =10 =10
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Tab.5 Tolerance performance

Field Sagittal Tangential Design Design &

number  direction direction value/A  tolerance value/A
1 0 -3 0.023 1 0.059 7
2 0 -4 0.050 0 0.0740
3 5 -3 0.0459 0.0710
4 5 -4 0.053 5 0.076 1
5 10 -3 0.055 1 0.076 3
6 10 -4 0.053 3 0.0749
7 15 -3 0.037 2 0.062 1
8 15 -4 0.0358 0.062 1
9 -5 -3 0.0459 0.0709
10 -5 -4 0.053 5 0.076 1
11 -10 -3 0.055 1 0.076 3
12 -10 -4 0.053 3 0.0750
13 -15 -3 0.037 2 0.062 3
14 -15 -4 0.0358 0.062 3
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