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Abstract: In order to deeply study the feasibility GEO imaging techniques this paper deeply analyzes and
compares three techniques for active interferometric synthetic aperture imaging by means of sensitivity. These
techniques are Fourier telescopy imaging correlography and sheared-beam imaging. Using a SNR( signal to
noise ratio) model for photomultiplier tubes and laser range equations this paper gives a detailed analysis of
the limit detection capability of each technique when SNR is 5. Through simulation it was found that the low-

est single pulse energies for Fourier telescopy imaging correlography and sheared-beam imaging were 11.4 ]

12017410417, 120171214

( No.11703024) ; ( No.30XXXX10201)
Supported by National Natural Science Foundation of China( No.11703024) ; Research in Advance of Spaceflight
System Department( No.30XXXX10201)



1 3 139

0.73 MJ and 3.1 MJ respectively. The conclusion is that Fourier telescopy is the best among these three ima—
ging techniques making it most suitable for GEO imaging in the present era.

Key words: imaging system; detection capability; Fourier telescopy; imaging correlography; sheared-heam ima—
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Fig.2 Scheme of image reconstruction
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1 (3) Fig.5 Conception diagram of sheared-beam imaging
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Fig.6 Retrieval diagram of sheared-beam imaging
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( ) Tab.1 Calculation parameters of detection
capability of Fourier telescope
( ) - ltems Values
Wavelength and band (532+5) nm
4 3 range 36 000 km
Skylight background 0.08 W/( m’*sr)
Transmittance of emitter optics 0.4
4.1 Shape factor of emitting beam 2
Cube angle of emitting beam 1.26x107° rad®
I Area of object w* (5m) */4
B b Reflectance of object 0.3
° ° Cube angle of object reflection 21
(1) Ly Area of receiver 40%( 10m) *
19 Field of view of receiver 2 mrad
(10 nm) Transmittance of atmosphere 0.8
60° Transmittance of receiver 0.48
° Signal to noise ratio of detection 5
Quantum efficiency of photomultiplier tube 0.13
532 nm 8 W(m”esrepum) Dark current 5%107" A
1.44 MHz

0.08 W/( m?e Working bandwidth

10 nm
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Integral time 10 ns
1 (1) SNR B
. SNR o
(2.3 (5 1 B=60 MHz.
1. 14x% 2
10° W=1.14 GW 1. 14x10°
Wx10 ns=11.4 J. (1) (2).(3) (3) 2
4.2
7.34x10° W =73.4 TW
L, B. 7.34x10" Wx10 ns=0.73 MJ.
(1) Ly
L, 0.08 W/
(m* *s1) o
(2) B
Ly B L=
0.08 W/(m® *sr) B=1.44 MHz.
3
( MHz) . .
100 MHz * 60 MHz *
. 3
Tab.3 Calculation parameters of detection
2 capability of sheared-beam imaging
Tab.2 Calculation parameters of detection Items Values
capability of imaging correlography Wavelength and band (532£5) nm
Items Values range 36 000 km
Wavelength and band (532+5) nm Skylight background 0.08 W/(m’sr)
range 36 000 km Transmittance of emitter optics 0.4
Skylight background 0.08 W/( m’*sr) Shape factor of emitting beam 2
Transmittance of emitter optics 0.4 Cube angle of emitting beam 1.26x10™ rad’
- M - K 2
Shape factor of emitting beam 2 Area of object. w* (5m) */4
Cube angle of emitting beam 1.26x107° rad® Reflectance of object 0.3
Area of object % (5m) /4 Cube angle of object reflection 2w
: el 2
Reflectance of object 0.3 Area of receiver 3.67m
Cube angle of object reflection 21 Field of view of receiver 2 mrad
Area of receiver 338 m? Transmittance of atmosphere 0.8
Field of view of receiver 2 mrad Transmittance of receiver 0.48
Transmittance of atmosphere 0.8 Signal to noise ratio of detection 5
Transmittance of receiver 0.48 Quantum efficiency of photomultiplier tube 0.13
=15
Signal to noise ratio of detection 5 Dark current 5x107° A
Quantum efficiency of photomultiplier tube 0.13 Working bandwidth 1.44 MHz
Dark current 5%10°5 A Integral time 10 ns
Working bandwidth 60 MHz
Integral time 10 ns (1) .(2) .(3) (5) 3
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1.24x10"” W=1.24 TW (30 m/3.8 m) x4 =250,
1.24x10"” Wx10 ns=12.4 kJ. 12. 4 kJx
250=3.1 MJ.
(
) 5
30 m( 36 000 km 3
0.6 m) 3
30 m. 5m (36 000 km)
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) 1 GW=10"W 1 TW=
2 10° W 1 kJ=10"J 1 MJ=10°J.
4 3 (
Tab.4 Lowest laser emitting powers( energies) of three imaging techniques
Summit power of single beam Pulse energy of single beam
Fourier telescope 1.14 GW 11.4 )
Imaging correlography 73.4 TW 0.73 MJ
Sheared-beam imaging 310 TW 3.1 MJ
4 (10 Hz) 10
. (36 000 km) () .
(
1/40) ( 1.4 ) (
( 125 ) )
. (36000 km )
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10 mx10 m ) o 4 ) o
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MOPA( ) 6
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