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Radar target number estimation method based on deep residual network

WU Minghua, RAO Bin, WANG Wei

(School of Electronics and Communication Engineering, Sun Yat—sen University, Shenzhen Guangdong 518107, China)

Abstract: Traditional radar detection methods generally detect the target of a range cell as a
single target, but do not estimate the number of targets in the range cell. Aiming at this research
vacancy, a target number estimation method based on deep residual learning is proposed. The method
converts the radar signal into time-frequency graph and inputs it to the trained deep residual network.
The residual network can accurately estimate the number of radar targets according to the difference of
time—frequency graph between single target and multiple targets. The residual network can then output
an estimate of the number of radar targets. Simulation results show that this method can estimate the
number of radar targets effectively.

Keywords: residual network; radar detection; signal processing; target number estimation

TR E AR TR MESORN AR, WIS SR OURE C AR 22 MR, 6 e S
SR H R EREE . A ST L O B LR R R TR A o Tk E b ARG T A A Al R A —
IRE, 1 2K F ARG I H A W — B LU AR T8 U — T TS B IR FARAG I B R AR 0t AR kTR
EABON A, HRAVRAAAEVE 2 R fp i e . a0, Y RGEAH K AR PAAAER T 2 TR SRR
TE S A T AT R OB AL TSR, F RS A M B 2 BN o BT B A9F 5 K 22 M0 A ) 8 3k R ) e
EROLNRR HA AR, A XA E POuNAAEZ /DA HiR, AR, AR ROLNFEZ D RN
SOELW BB, RIEAR S HE T AT IR oD H AR A Bl BRI R S A REAE AR 2 B ) AR AR AR
AHE HOTA AR S B, IR AE KT LI — B e R B DB, W51 R )E Sl IR AT AL B, B
PG A B o83 i i R e R0 o BN L I AL, AR SR M — b R T IR Bk 2 I 25 U R ik F AR R AN T O I
P75 1% R AR S — T 540 SR 2l B I 2 45 4 o %07 T R AR SEVAEUJE e B T Y R S S B R AT [ 90 5 Xk I
Wt Vel i A\ ZE I 1 R P 5k 22 I 245 e, o 245 AR A0 B LR 0 LA s AT P55 22 A s o O e A T ) 2 e Al 3 i %
FRES BTN H AR AR

1 BEESKEE
L1 ZH{ES&KRE

B AR SCHR AR E R EAPK P ES, IFEEHNES REEREGES . SENEHES s O RN
s EHER: 2021-09-30;18E HEA: 2021-11-22




214 AR EEBRFERER #5120 %

st(t):rect(%) exp( jnk?) (1)

K rect(%)ﬂﬂﬂrki‘%jb THIFEFE K b (55 5 K=%ﬂﬂi}§]/ﬁ@r$, BN R GG 5 9

FEXHE ST AN A, T BN B TR . RS SRR L W B 5 0 Rk 8O N=Tx
Foo f6 FREIG 00 R S5 R slnl, n=1,2,+N.

12 BKESKE
B HAR A5 S hs (), A -

N,

5. ()= ZAis(t)*(S(t— 2xR'/c) ©))

A * BRI 60 N bR R 8 RIS i HESITAEOLE s N oA BRI RG ¢ e 485 i H
P 0 [ 30 1 B

B B S s, ) th BAR RS 5 DR RS (55 A e, 558 i s = s, (0 0 -

s (O=s.(O+s5,(0) 3)

s, () WIEFAE 5

TERAFENAG )5, T ZEX AT RAEAL B . B AR 5 B R BRI Foo al BURESRBE R A4 (R 5 R
Hs,[n], n=1,2,---N,, N, REWAET IR SE.
1.3 #iEmatE

TEAG K AT 5 RS 5 g A DR B 5 22 W 28 2 iy, 200 FLgh A7 FUAR B, DDA 5 T4 B 3 22 IR 4% 1) g A\ 2L
Ko BIE, RKREEIG MRS S MBS 54T B . 55 DF A AR 15 TR 152 5% 22 ) 45 BE [] I Ak B0 % S £
SRR T RIE R

Sm=[505,] C))
A s, WBHEE 55 s WRMFEPE T s, WRHFHEEES . s, WAEEREN,x1, N,=N+N,.
s B0 B AR 5 HEAT B B L AR A, SR OB . R O A e S

Ne-1

Sulkl= X sy [nle )

s k=01, N— 15 N2 5 0 HL 728 48 19 1 8

RS B O AR e, BIRT 2 ) A5 S A I I o RS PR A R AR AR R IR, AR BRI, BEAE R
TR o PHCT BHEE SRR S, 6 T B LR R O 224 224, MR A TR B2 5% 22 I 46 ) i A ZEOR
BT PR B IS A 4, R A AU 2R i TR JEE 5k 22 R 255, R RT R4S — AN BEES TR0 A H AR KO IO Al 3

2 REREMBLEH

TR T2 5% 22 9 2% 32 88 fi o 190 245 8 8 64 o s o) 245 11 B 1B Al 1) 1) T, BRIV 3 I 2%
SRR, P BRI E B RN PRSP T, BB R RES BT M. XA

T R R 46 52 2 I BT 2 5 IR 4% R v R I
SE A T, R TR 2 S BT — R AR 25 MRS L LI 1, A R [Cmmﬂ ]
IO 245 0 1y 00 5 A T2 0 4 T L 9 5 AR 12 5 0 4% 583 oS o B
Vel T — R A . ST A ], %5 Al S 6 0 2 R 0 B 3 b 0 2 . ”
f i 8K

% S B VR T 5% 25 B 2 S ResNet-18 %% , FLZ5H WA 2. ResNet-18 [9%4 |°WW“ I
18 T ) SR B 4R M. AR 17 AR BUR L LA 4
RSB B S 20 AR SR 1 B 8, BRI 0 4 A 1 R e ’
WP 1-8. ResNet-18 J51 [0 % 1P S — J52 40 e 432 S22 10 SO 1 000, X 0075 32 47 [

ZEHY 1 000 A28 50, 1A SCAL T 2 8 AN 25 ), IR I K ResNet-18 [ 4% ) fig Ji — Fig.1 Residual structure
A AR B M 8. 1B HUS I ResNet-18 [ 25 45 44 AR S5 W% 1, Pl 1 Bk s b el



GHRE RIAESE . ETRERENZNE L BHRBEMLITAZE 215

% 1 ResNet-18 M2 25k

Tablel ResNet-18 coefficients

convl name details
pooll input 224x224x3
conv2 convl kernel number:64.kernel size:7x7x3,stride:[2 2],padding:[3 3 3 3]
conv3 9 pooll stride:[2 2],padding:adding:[1 1 1 1]
conv4 conv2 kernel number:64,kernel size:3x3x64,stride:[1 1],padding:[1 1 1 1]
N convs conv3 kernel number:64.kernel size:3x3%64,stride:[1 1],padding:[1 1 1 1]
i conv6 . conv4 kernel number:64.kernel size:3x3x64,stride:[1 1],padding:[1 1 1 1]
downsamplingl . . .
conv7 convs kernel number:64,kernel size:3x3x64,stride:[1 1],padding:[1 1 1 1]
conv8 downsampling kernel number:: 128 kernel size:1x1x64,stride:[2 2],padding:[0 0 0 0]
N conv9 convé kernel number:128 kernel size:3x3x64,stride:[2 2],padding:[1 1 1 1]
om0 conv7 kernel number: 128 kernel size:3x3x128,stride:[1 1],padding:[1 1 1 1]
convil downsampling? conv8 kernel number: 128 kernel size:3x3x128,stride:[1 1],padding:[1 1 1 1]
convi2 < conv 9 kernel number: 128 kernel size:3x3x128,stride:[1 1],padding:[1 1 1 1]
conv13 downsampling2 kernel number::256,kernel size:1x1x128,stride:[2 2],padding:[0 0 0 0]
Nan 12 convl0 kernel number:256,kernel size:3x3x128,stride:[2 2],padding:[1 1 1 1]
n
0 V15 downsampling3 convll kernel number:256,kernel size:3x3x256,stride:[1 1],padding:[1 1 1 1]
conv convl2 kernel number:256,kernel size:3x3%256,stride:[1 1],padding:[1 11 1]
convl6 convl3 kernel number:256,kernel size:3x3x256,stride:[1 1],padding:[1 1 1 1]
> convl7 downsampling3 kernel number:512 kernel size:1x1x256,stride:[2 2],padding:[0 0 0 0]
pool2 convl4 kernel number:512.kernel size:3x3x256,stride:[2 2],padding:[1 1 1 1]
fe convl5s kernel number:512,kernel size:3x3x512,stride:[1 1],padding:[1 1 1 1]
Fig.2 ResNet-18 network structure conv}j teme: numl;er:zg,l;emei s?ze:zxgng,str?je:[: :],pagj?ng:[i : : :]
y 512, :3x3%512,stride: B :
4] 2 ResNet-18 [/ 254 [l conv ernel number: ernel size: S 1 e:[1 1],padding:[ 1
pool2 global average pooling
fc output size:8
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(a) radar echo without compression (b) radar echo after compression

Fig.3 Echo and pulse compression of single target
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Fig.4 Echo and pulse compression of 8 targets
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