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Abstract Based on the long-range pulsed laser heterodyne detection system, the expression of signal and noise of
the system is deduced. The matched filtering algorithm processing of the pulsed laser heterodyne detection system is
given. The detailed application process of matched filtering technique in target detection of medium-range missiles
and international space station is simulated. The influence of the target range, the scattering cross section area and
the digital sampling rate on the detection capability is analyzed. The simulation results show that, under the digital
processing capability of 100 MHz sampling rate, the Monte Carlo simulation of 500 matching filtering process is
carried out. For the medium-range missile with the scattering cross section area of 5 m* and the distance of 100 km,
the carrier-to-noise ratio of echo signal is 3.29 dB, the carrier-to-noise ratio of echo signal after matched filtering is
25.13 dB, the signal strength increases 152 times, the range accuracy is 27 m and the range rate accuracy is
0.17 m/s. For the international space station with the scattering cross section area of 100 m’ and the distance of
500 km, the carrier-to-noise ratio of the echo signal is —6.12 dB. the carrier-to-noise ratio of the echo signal after
matched filtering is 18.49 dB, the signal strength increases 289 times, the range accuracy is 117 m and the range
rate accuracy is 2.1 m/s. The smaller the target range is, the larger the radar cross section area is, and the higher
the digital sampling rate is, the stronger the ability of the matched filtering to extract and enhance the signal is.
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Fig. 1 Schematic of the heterodyne detection system
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Table 1 Heterodyne detection system parameters

Item Parameter

Value

Energy /pulse

10 J@10R(18)-"CO,

Pulse recurrence frequency 10 Hz
Pulse width 2.5 ps
Wavelength A 11.15 pm
Aperture diameter 60 cm
Transmitter Optical transmission 55 %
Heterodyne efficiency 60%
Quantum efficiency 35%
Frequency fidelity Single transverse and longitudinal mode
Resonator Unstable, 4 emX4 ¢cm, M=1.25, L=2.5m
LO power ~0.5 mW @ shot noise limited operation
Detector HgCdTe (77 K)
Receiver Bandwidth >100 MHz
Pre-amplifier gain >40 dB
Lz 2.2
, E‘TzKlKrDZ{(ﬁ 1 1 GHz 0~2.5 ps
- D0 4
At8R"0, ( , )
2 o 2) s
2 H
Table 2 Heterodyne detection system parameters 3) , (6)
Parameter Value H
Energy /pulse E, 10 J@ 10R(20)-"*CO, 4)
Atmosphere transmission T 0.8 (100 MHz 5 )
Transmission system efficiency K, 0.75 5)
Receiving system efficiency K, 0.7 s D &
Aperture D 0.6 m (I&Q) A/D , I&sQ
Target reflectivity p 0.2 2 , S estimate ,
Target Area § 10-100 m? a(t) LI () Q)
Pulse duration Az 2.5 ps ;
Target range R 10-1000 km 6) A/D 100 Ms/s( )
Divergence angle 0, 0.1 mrad 3
s 7elp) =7, 3 , I
(2).(3) s Ldelay o
iopu () = 2(41()72 N/ﬁ * ECOS(ZKfJ\()Mt+9Or)+in’ I&Q ’
hy Welch )
() faf e (D Rex:
. _ 2ey . :
i == PL e /P cos2n o+ ft @) | £
(6) Rev= e ’ 7
r OPM f)dv
d ° background
(A/D) ) ) (PSD)
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Fig. 2 Schematic of the 1&Q detector

( REC channel

REC=sum the I & Q
Welch method (PSD)

locate max of PSD to determine centroid frequency (f;—fisimate)

integrate PSD around the peak
integrate PSD background left/right away from peak
CNR estimation

| matched filtering process

MF=abs (IFFT(FFT(REC)*FFT(OPM))

locate peak of MF in time domain (%,) and frequency domain (f,)

range_es=peak of MF ({,)-peak of OPM (¢,)

|
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Fig. 3 Processing flow chart of the matched filtering algorithm
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Table 3 Parameters of two types of target

Target area

Target range
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T t Velocity /Ma
arge 5 /m? R /km elocity /Ma
Medium-range
10-300 10
missile
. ISS 100 380-1500 22-23
—, *D)
2 ( s
3.4 km/s,
0~7.2 km/s o
(10) m/s
100 km, 3.4 km/s,
3.3 km/s, 500 km,
5 km/s, 4.9 km/s,
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(b) envelope of self-convolution of the OPM signal
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Fig. 5 Matched filtering process of medium-range missile. (a) REC signal;
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(e) envelope of the matched filtered output signal;
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Fig. 6 Matched filtering process of ISS. (a) REC signal;
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50

500

value: 497 [ |
5L @ u=51%5 a0t ® bin edges: [0.16, 0.18]
40 95%‘conf1dence intervals 400 -
35 range of u [2.434, 3.956] .. 350
30 range of & [8.152, 9.230] 2300k
25 § 250
20 % 200
15 150
10 100
| value: 3
5 50 F pin edges: [-0.38, —0.36]
0 0 1 1 1 1
-30 -20 -10 0 10 20 30 40 -04 -03 -02 -01 0 0.1 0.2
Range error /m Range rate error /(m-s™)
90 300
80 | © (@
250
70 -
- ot
601 o460 o2l 1£=0.0765
50 0=36.76 E 6=0.67
40 | 95% confidence intervals g 150 95% confidence intervals
range of u [-0.7611, 5.699] 9] range of,q [0.018, 0.135]
30 - range of 6 [34.6164, 30.1944] Z 100 range of 9 [0.63, 0.71]
20
50
10
0 1
-300 -250 -200 -150 =100 -50 0 50 100 150 -5 0 5 10
Range error /m Range rate error /(m - s™)
. (a) ;(b) 5 (e)
(d)

(f) power spectrum density of the matched filtered output signal
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