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Optical design of tracking/guiding system with multi—spectrum and

common aperture

Jia Bing, Cao Guohua, Lv Qiongying, Ding Hongchang
(College of Mechanical and Electric Engineering, Changchun University of Science and Technology, Changchun 130033, China)

Abstract: One of the important direction of the optical system is the co—aperture optical system, which
takes advantage of optical system characters with long—focus and high resolution. This paper designed a
tracking guiding system whose aperture of the optical system for visible light imaging, laser imaging and
laser ranging was shared. The co—aperture design combined the high resolution visible light system with
high resolution laser system, which made the system not only obtain high—definition images, but also get
the relative location information. The co—aperture optical system could compress system size, reduce the
rotational inertia when the optical system was in the process of tracking for the overall implementation of
the system. The focal length of visible light subsystem is 1 200 mm; F number is 6; field of +1.2. The
focal length of laser imaging subsystem is 1 500 mm; F number is 7.5. Each system imaging quality is
close to the diffraction limit, and tolerance allocation results is verified by tolerance analysis.
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Tab.1 Design parameters of optical systems

Visible Laser receiving  Laser emission
Parameters
subsystem subsystem subsystem
Focal length/mm 1200 1500 150
Aperture/mm 200 200 50
Field of view/(°) +1.2 +0.014 5 -
Pixel size/pm %7 50 -
MTF yi0n( pv) =0.408 =0.408 -
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Tab.2 Structural parameters of visible subsystem

==

Surface Radius/  Thick- Glass Conic 6th or.der
mm ness/mm coefficients
1 Infinity 11 HK9L - -
2 Infinity 220 - - -
M1 -615.8 -190 - -1 -
(Slfp ) 3379 230 - -3.483 2 _ifozig
5 68.8 10 HBAK2 - -
6 Infinity 8.7 - - -
7 Infinity 5 HZK21 - -
8 56.9 26 - - -
9 Infinity 25.4 NBK7 - -
10 Infinity 25.4 NBK7 - -
11 Infinity 25 - - -
12 -73.2 15.8 HZF3 - -
13 -158 0.1 - - -
14 771.6 5.5 HZF6 - -
15 262.6 3 - - -
16 Infinity 4 HK9L - -
17 Infinity 30.2 - - -
L s
i

9 1550nm
----- subsystem

10 Laser
emission
subsystem

Bl Ot RS R K

Fig.1 Layout of optical system
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Fig.2 Layout of laser subsystem
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Fig.3 Area of obscuration of coaxial two—mirror optical system
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(a) Spot diagram of optical system for visible subsystem
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Fig.4 Spot diagram
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(b) Spot diagram of optical system for laser imaging subsystem
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Fig.5 Curves of the MTF
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Tab.3 Tolerance of coaxial two—mirror
optical system
e e S
Displacement x/mm 0.02 0.02
Displacement y/mm 0.02 0.02
Assembling Displacement z/mm 0.02 0.03
Tilt a/(") 12 12
Tilt B/(") 12 20
AR/mm 0.5 0.5
Manufacturing AK 0.001 0.005
AB - 5x107°

10U b A EAZERTE 0.2mm BLE L, BRIESCHPAR

P2t EL IR 124 22 4 T 45

RS Bk

WOC AR T 2 5L MTF 88534 it 2k, 40 18] 6(b) Fir

7N o

HIIE 6 AT LI, # BA 22 4 B 4 SR 2R A7 i T

FHEW], KT 90%HY AT WG T REEM MTF>0.3, K
T 90%HIHOCIRAR T RS MTF>0.78 , 1 2 BiH45

Cumulative probability/g

Cumulative probability/g

RATARRFRENE

Tab.4 Tolerance of visible subsystem
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S

CVMACR 7

I tolerance analysis \
L [ \‘F4:7
F2:71.40 c/mnh, lfu’ F3:71.4

F1:7

c/mm,

>0.3

1.40 ¢/mm, tan

.40 ¢/mm, tan

tan

() 1
0.617 0.406

0.195

Modulation transfer function

(a) TG REGE MTF #E5 2k
(a) MTF probability curves of the visible subsystem

100 New lens from e
80 tolc?a\l/\lv([:/zgﬁysls // >0.78
60
// F1:11}60 ¢/mm, tan —————
F2:11}60 ¢/mm, tan —
407 / F3:11}60 ¢/mm, tan —
/ F4:11}60 ¢/mm, tan —————
20F
L1

0.911 0.825

0.729

Modulation transfer function

(b) BOCHAR T R G MTF HER 2k

6 MTF HE3 i £K E
Fig.6 MTF probability curves

(b) MTF probability curves of the laser imaging subsystem

Surface DLF(Fringes) DLR/mm DLT/mm  DLA/(") DLB/(") BTX/(") BTY/(") DSX/mm  DSY/mm
1 5 - 0.2 30 30 100 100 0.03 0.03
2 5 - 0.2 41 41 - - - -

3 5 0.1 0.05 60 60 41 61 0.04 0.04
4 5 - 0.05 20 20 - - - -
5 5 - 0.05 60 60 61 61 0.03 0.03
6 5 0.1 0.05 60 60 - - - -
7 . - 0.2 80 80 61 206 0.03 0.025
<] . - 0.2 80 80 - - - -
9 - - 0.2 80 80 - - - -
10 10 0.1 0.2 80 80 103 103 0.05 0.03
11 10 0.1 0.2 80 80 - - - -
12 10 3 0.2 80 80 103 103 0.05 0.05
13 10 3 0.2 80 80 - - - -
14 10 - 0.2 80 80 619 619 0.05 0.05
15 10 - 0.2 80 80 - - - -
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