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Simultaneous target detection and parameter estimation with distributed

waveform diversity radars

ZHU Jiayun, MA Runlong, LI Kunkun, WEI Fa, ZHANG Xiang, LAN Lan"
(National Key Laboratory of Radar Signal Processing, Xidian University, Xi'an Shaanxi 710077, China)

Abstract: Aiming at the problem of weak target detection in traditional single-site radar, an
integrated target detection and parameter estimation algorithm based on distributed waveform diversity
array radar is proposed. The distributed waveform diversity array radar system consists of Frequency
Diverse Array(FDA) -Multiple Input Multiple Output(MIMO) radar and Element Pulse Coding(EPC) -
MIMO radar. Under the background of white noise, a binary hypothesis problem is constructed for each
local radar station, where the target angle and distance information are unknown. Based on the above
model, an adaptive detector is designed under the Generalized Likelihood Ratio Test(GLRT) criterion.
The Coordinate Descent(CD) method and Gradient Projection Method(GPM) are employed to solve the
estimates of target angle and distance information and obtain local detection statistics. Subsequently, at
the fusion center, the global detection statistic for the final detection decision is constructed by
calculating the logarithmic sum of multiple sets of local detection statistics. Simulation experiments
verify that compared with single-site waveform diversity array radar, the distributed waveform diversity
array radar improves the target detection probability. Compared with distributed phased array radar, the
distributed waveform diversity array radar significantly enhances the target detection probability and
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parameter estimation performance.
Keywords: distributed waveform diversity radars; Generalized Likelihood Ratio Test(GLRT);

angle and range estimation; Coordinate Descent algorithm; Gradient Projection Method(GPM)
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Fig.2 Signal transmission and reception model of FDA-MIMO radar
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Algorithm 2 FDA-MIMO radar based on GPM
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T
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2.repeat

3. k=k+1;
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Tablel Simulation parameters of distributed waveform diversity array radar

parameter value parameter value
bandwidth B/MHz 10 carrier frequency f,/GHz 1
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Fig.6 Schematic diagram of a four—station scenario for distributed waveform diversity array radar
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Table2 Simulation parameters of target

item angle/(°) incremental range range ambiguity number
radarl 5 2/(5B) 0
radar2 -10 1/(3B) 0
radar3 2 - 1
radar4 8 — 2
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Fig.7 Relationship between detection probability and SNR for different numbers of array elements with Af=B/M
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19 Af=B/M TR IR I B3 B RMSE
—=—radar3-CD ro ———
—! dar3-CD
kb e Tadard—CD o radar4—CD
—p—radar3-GPM LA —p— radar3-GPM
14k —p—radar4d-GPM —p— radar4-GPM
- - -CRB 12k —-==CRB
1.2 ’
1.0
o 10 -
< 2 08
£ s :
0.6 0.6
0.4 0.4
0.2 0.2
S 0 — L L
=20 =15 =10 5 0 5 10 15 =20 -15 -10 -5 0 5 10 15
RydB Ry/dB
(a) RMSE of range ambiguity number with M=8 (b) RMSE of range ambiguity number with M=10

Fig.10 RMSE of range ambiguity number with different numbers of array elements under Af=B/M
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