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Theoretical Limits of Radar Object Detection and Parameter Estimation

XU Dazhuan, ZHANG Han, HU Chao, PAN Deng
(College of Electronic and Information Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 211106, China)

Abstract: Object detection and parameter estimation are two fundamental problems of radars. The process
firstly detects existence states of objects, and then estimates parameters to identify the existence state. In
this paper, we establish a generalized system model combining detection and estimation. Radar
information, detection information and estimation information are strictly defined. It is proved that the radar
information is the sum of the detection information and the estimation information. The joint posterior
probability distribution of the existence state and time delay is derived for constant amplitude scattering
objects. Radar entropy error is defined as power of posterior entropy. Both radar information and entropy
error can be used to evaluate radar performance. A stochastic method of joint object detection and
parameter estimation is proposed by sampling a posteriori (SAP) probability distribution. The main
contribution is the proof of radar theorem which points out the theoretical radar limit for comparison of
various methods. The radar theorem shows that the entropy error is achievable. Conversely, the empirical

entropy error of any radar is no less than the theoretical entropy error. It is further proved that the
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concatenated system with the optimal detector and the optimal estimator can approach the theoretical limit
of radar. The radar theorem and separation theorem answer the theoretical problem of joint detection-
estimation, and will give a great promotion to the development of radar technology.

Key words: radar information; detection information; estimation information; entropy error; sampling a

posterior probability; theory limit
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TR g8 2 B S RE y = r(2), 7= (0, 2) 72 4 & H WO 1 5 2RI 48 % B ARRES v = (0, 2) 1
ORI o PRI AR G A RS A U R DA G A PRI A 3R AR SR . — IR I R AR A

1
10(211‘02 vosine(x, — x9) + aw(x)D

(40)

p(x\z,v):

vosine(x, — xo) + ;u( x)



BRE S .FRIFENG LB 209

DN 15 T8 AR DN 5 TL R o LR, TR — WA . 2
PRAFRS 7 A2 9 FAR A PR R DN A5 38 , o UCPRAA B9 18
Wt # a2 B, WKL (" 27y ) R — A E IR AT
KAt

T F R A Xk A G I 5 2 B T BE AT IS BRI, ORI S RN A . 48 AE b A YRR R £ 3
I, T T SR s 14 2 36 90 R 28 36 R A U o

) 2 R VAR A I 1 M| M Sr e
EX 4 fﬁﬁﬂ!ﬂ%&MMﬁ\‘H%?EM%@JE@Zé@ﬁhtﬂmxﬁh<”>(1“|Z):—Mlogp(y’ |2M), 2o I 2 52

TIN5 18 _Zm_ TR 3
p(z|vx) Y =1z

B2 m AR R 5

Fig.2 Radar systems of m snapshots

=00X") — 7= 0", 5")

N ~ 1 *io (M| M . ~ 1 7i0 (M M . .
XH oH (FIZ) = 2 o) o i 22 5 XK 00 (B2 ) = = T e I
e
R 1 P()’}M ZM)
BEXHI(I; Z)= —log———"——",
N Nt

NS5 AAME IS HR 2% b (| Z)FR AT K, W0 SAFTE — AR 28 , Jo M UCH 0 9 28 %
R ol (I|Z )i &
lim o (IZ)= ot (| Z) (42)

EX6 e WA T RS 53 p(y 2 ) 1 e B ML FFIEE ALY = {(p, 2) €TV X R
B MK FIIRES (", 2") ) T4, L2000 5 Bis R 2 2 /0 F e, B

1 vy
‘—MlogP(y ) h(I)| e (43)

1 My
’Mlogp(z ) /1(2)’<€ (44)

1 M My __
’—Mlogp(y , 2 h(F,Z)‘<e} (45)

e

pyM, 2= Hp(y,,,,zm) (46)

m=1

SIE A X T IICAZAAAE I p(2My™), 0 2R p™ 2 J5 50 BE R 53 15 p(ylz ) B9 MU 7 il A,
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