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A weak signal detection technique applied

in deep space exploration

Lin Xuling, Wu Zhiqiang, Yang Song, Zhang Zhi, Bi Siwen, Zhang Xuan, Du Yujie
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Abstract: Deep space exploration has great significance for human being to develop and utilize space
resources. Remote sensing payload is a very important part of deep exploration. Since the detection
distance in the deep space exploration mission is very far, the SNR of the received signals is very low,
the capture of extremely weak signals from deep space is a key technology. Based on the requirement of
future deep space exploration for ultra weak signal detection, a week signal detection method was given.
The method was based on quantum squeezed states, whose shot—noise was less than the standard quantum
limit, and some experimental results were given. The result shows that this technique was a promising
technology in future deep space exploration. Because the quantum properties of squeezed light is
attenuated as the distance increases, in order to be closer to the application, a new laser radar scheme
was designed which injected squeezed light at the receiving end, and simulation results were given.
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Fig.1 Compared graph of laser imaging and squeezed light imaging
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(b) Squeezed light imaging
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Tab.1 Image quality comparison between laser

imaging and squeezed light imaging

Mean of Infi ti
Item ‘ean © SNR Contrast formation
image entropy
Laser
. . 1.0257 0.2192 0.9139 1.0519
imaging
Squeezed
light 1.083 7 0.223 8 0.953 7 1.0778
imaging

3 IEBEERMNEARTRREEUSHT

LR AR, EHELREAES S+
SrWESs I, B R R 2 BE A 1 S Y 3
117 36 ik, AT IR ) 5 A7 o B g s SR B I o O T

S B, BEiE 1A S W HE AT T A 6T AR
TG TR BT T 58, RIVAE 28 ML py R T 00 4 R 3k Y

FOL 7 28 G0 PRI # 2 8] 3 A7 B A5 0 i A B
o S B2 B A R o T R AR B R 5 7 S
o3+ R 4 25 A B AR 7 BRI R R ﬁ%ﬁ*iﬂ‘i
A B WA TR AR B 0E A5 D AR B0 A B
N AR R 1 A R B “?@iiﬁwﬂg?‘{ﬂﬂ%&
F4 R 2803 o B B O TR s AT Y L 1 2 B
B RS RG WO RGE BT R R
RGP ARG

KA RGO E AR MO, 5 ERHOL

— B0, RS RO T DGR A R R A T4 Bk
ERRGEROLFE S W REEMERY . SEREOLE
IR A DX 0 8 i 0 S SR FH A O S A A AR I 4
B ARG S EEE, mRE SO IE
SO AR AE PRI IR 2 A TR TR SRR B A
ATy, AR H A R ST E AR E, —

Transmitting system

Receiving optical system

ol 2 G[
= noise /
Detecting amplified
Data- system [y | [Lsystem
[processin, =, Quantum Squeezed light
system enhance module making and
| njecting system

Control system|
P&l 2 23 47 R 40 2 R AE 14

Fig.2 Schematic diagram of payload system
T 73 S o A AR R 2
Xt USAF % B AR 2B AT TR0, WLIAT 3, 0 il %) 22
ok i ST R i PR ) PRI AR A G A A R [ 1R

05 18 S I A G TE A R AL I8 AL A U IR

RESOLVING POWER TEST TARGET
_2 -

= B

s=1l -

Y= (=S

L8 II;""'-'I TR

m=
_m.,,,_
l" |||
=M -' -
s =1l - =
s=m NI=
USAF - 1951

— —
szm =

USAF - 19%

(a) A

(a) Original picture

(b) A i i

(b) After entrance pupil

10 W) e e ¢

=='m‘j" gm."'-

= m . =1

-
=m W=
v5ar "

() 5 T A BRI 2% (d) (AL AR R

(c)Balanced homodyne detector (d) Only phase sensitive amplification

=1 .'::,:

—

- -

szm M=
USAF - 198

(e) [ At IE A
(e) Only squeezed light injecting

(f) A8 7 BB R + IR 4 6 7 A
(f) Phase sensitive amplification

and squeezed light injecting

P 3 % USAF % ] $I b A% 1) 7 F0AE #0145 24
Fig.3 Simulation imaging result of USAF army target
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