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Compact Off-axis Two-mirror Freeform Telescopic Optical System
Design with Large Relative Aperture
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of Information Science and Technology, Nanjing 210044, China)

Abstract: For most telescopic optcal systems nowadays, there are a few limitations in the special
applications about the onboard or satellite-bone remote sensing systems. An off-axis two—mirror freeform
telescopic optical system was designed based on the optical freeform surfaces with multiple optimization
degrees of freedom. It has the advantages of compact physical configuration, large relative aperture and
wide field of view. The freeform telescopic optical system has a 1/3.75 relative aperture, 300 mm focal
length, and 2.8° full field of view. Its physical size is smaller than 100 mm X200 mm X300 mm. In its
design, the system energy is enhanced by the aperture off-axis. The imaging quality in different fields are
improved by splitting field expansion optimization. The system off-axis aberrations have been balanced
effectively by the XY polynomial freeform surface with its first four oder terms. At the spatial cutting—off
frequency of 50 lIp/mm of the detector, the modulation transfer function of the system is better than 0.4.
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The root mean square of the imaging spot radius is lower than 10 pm in different fields. The design results
show that the designed off-axis two-mirror freeform telescopic optical system has good imaging
performance entirely with the superiority of compactness and miniaturization, which can be applied in the
specific applications of target remote sensing by the onboard or space telescopic optical systems.

Key words: Optical design; Telescopic optical system; Off-axis two—mirror; Optical freeform surfaces;
Large relative aperture; Compact configuration
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Table 1 Design parameters of off-axis two—mirror freeform telescopic optical system

Parameters Value
Working wavelength/nm 486~656
Relative aperture 1/3.75
Entrance pupil diameter/mm 80
Effective focal length/mm 300
Field of view/(*) 2°(H) X 2°(V)
Root Mean Square (RMS) radius of spot diagram/pm < 10
MTF at 50 Ip/mm > 0.4
Pixel size of detector/pm 10
Physical size of system(X—Y—2)/mm’ < 100X 200X 300
Optical configuration Off-axis two-mirror without obstruction
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Fig.1 Optical configuration of off-axis two—mirror telescopic optical system

S P BB A R G A P RO B — R 9 O S SR X 2 5 LA Y R R 2
n SR AR FH R A Tk v 28 s 4 e g T R S O B, RO AR A el D e LT i R A R B R B
825 0 T A RO Z RGEM B 22, WA RO TR R T XY 22 0005 el ot i, G2 A9 DAk ) el B2
G0 AR R I 2 TH A R B A P

T3 — T3 W, % P S BT Ol o R G S5 R R DA 1 R DAL ) G 45 R 8 R IBURE X S AR B — s i R A
JEBE, AT LLAR A5 P A S5 B 00 0 A it 3R 2 AR O ) BAR S S B AE I 5 BT R ) 2D A R Tl R FR
G4 B T A T 5RO A kG G L B A S S LA A R A S T A TR A O XY 230 A
Fi i T O B B A A DA AR A TR B R S R BEOC T YOZ il xR DAY 5 R XOE 5 i A
FAE X 7 1) 2R 20 WL 37 ¥ e AT A 4 75 5, DT DR IE 28 58 4% A 033 4 A 5 o 2 B0 20K

1022002-3



1.3 SHMARES

R T R S AR R, DL ROV R RSB S AR L T A5 A O A T S e 5 AR
LA SR DG . BRI, 5 2R O 2R R P SRR B, B I R G O i A 2 R A A A sk
il R Ge 06 2 TH Y B R SR RN L 5 — O, R T A R G W BLAS R R SE AR i 100 mm
(X) X200 mm(Y) X 300 mm(Z) , [ FE 75 258 7 1) B 45 40 20 o 21

TEAR R G5 5t = ARG R IEAT 40T, 40 B0 302k 0,0,0,0, . il %64k A\ ALAAS T4tk
B\B,B:B,, % 2R E 6 2 5 45 A 2 1A 58 s Al 1T 7R AR B A9 Y6 I 45 ¥ 5 9 B 45 R 2 R 2 =R (1) ~
(DR, b Y 5 ZJ& % »SOAHXE T oo i Ae b (i (D BRSI TR S S REMME X R IFRA &
RS R AT REVBE T X (2) A0 TR S WAL Y 7m0 &R I HARIESE Z 77w -
B4 A7 B BT AR — 0, S R T DA > 2 OB s L 5K (3) AT AR R i GOl R w2 R R . 20 (4) BRI T A A
B S 5 2 I A R G ) B R ST FE DR IE RO X L AR R R R B ) S b ST A 0
UL T H AR

Y, — Y. =15

Zo— 2y =15 (1)
Y, — Y., =15

Zo— 2y, >0 (2)
Lo — 2y <2

Y, — Y, =2 (3)
Y. — Y, < 200
Zy,— Zo <300 W

14 XYZDAXFEEHME

FEAR R GEH  WLE 0 RN 25 BT 1 00 5 5 il T 5 | /S 1) o0 A 22 2 O Ak o ol b 5 B J S OG TR Y L
TR0 3K T O 2 T AT — A B RR R R SRR A kil AN A PSR4 A ER B a3 Dy il R AR A
TR IBIHE FR B S H RO A BRSO AL B H RE O LS B e AR S OGRS AR 25 T, R
PR RO AR B G i R T A R BB AR ORI B A 25 SR A B TR
1o B O R G AR T, AR IR R S B RO RGBT P AR B T T M AR, WA B A 4y
REYIRAXY 200 A i, =0 05) s, 5 R 2 58 A WA 42 R i pa £ A el i v v A AR R — 3
A BT PO SO Tk AR AR B AR R XY 232X A R il 4 22 5003 UG BN R I 8 B an 2R
H Rt L 2 EOGA B i Jn TS RS I 0, e LA A R F . — R T B e
F el A A 2 R BUEAE 10 R LI

e(2ry)— c(x+y%)
1+ 1—(F+ 1) (2P +

o, e T R AR s e R PR B M oy I R B m Mo AR, o+ n= 17 2" y" 1R
T
1.5 HWRGHEEMRK

F T AN A P SR Y R G T YOZ ST R PRI AR A Ak i B e A 2 R X I ) 4 2 i A
Y MM X =0 &, & XHIEJr mdE 17 0 iz B R ifh, Y 5 m 4 & 7 &5, i 2 s .
FE 53 W0 F AL Ak A B2 o7 6k X E 1] B AN [ 3 14 R [ A P A AR, vt 3 A R, S
Sy (0 A A X /N 5 I ELZR AR BN XY 23505 [ Pl o 0% 30450, DA T S 3% KRR o FL AR 8 il R B B 2 R
G AR 25 V-5 . 76 S [V 3 19 0 Ak AR 3% 8 v, B A A R /N 5 0 3 7 850 DL R L G R L, v R 3 AL
HoH 10, DGR 152 0.3 W37 %6 W A9 A EE 3Rk 7, 0.7 10 3 5% g 14 ACEE 305 {81 A 3. 78 SE BR A Ak iod i
T BT R A S 0 SRR S A SR R G Y U PR RE L S S I 1 A A A A BRI R R 4
Bk RE TR

N  (m+n)+m+3n
)+Zaﬂy j= 5 1 (5)

ji=2

1022002-4



JEL U, S5 - 5 e BE R 2R AR X FLAR B T S A it T B O o R R BT

—1.0°

W2 2Wg%REGALTER

Fig.2 Diagram of a split field with expansion optimization strategy
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Fig.3 Design result of off-axis two—mirror freeform telescopic optical system with large relative aperture
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Fig.4d MTF curves of off-axis two—mirror freeform telescopic optical system with large relative aperture
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Fig.5 Spot diagrams of off-axis two—mirror freeform telescopic optical system with large relative aperture
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Table 2 Coefficients of freeform surface terms x” y” of viewing and focusing mirrors
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Fig.6 Freeform wavefronts of viewing mirror and focusing mirror in three different fields
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