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Abstract: Modern radar target detection often faces complex and changeable clutter environments. Traditional model-
driven constant false alarm rate (CFAR) detectors are prone to model mismatch problems, and existing data-driven super-
vised deep learning methods require cumbersome and expensive label problems. In response to the above problems, this pa-
per proposes a clutter modeling method based on deep unsupervised variational networks. This method utilizes a variational

autoencoder for learning the high-dimensional distribution features of radar echoes to achieve the reconstruction modeling
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of complex clutter distributions for the range-doppler spectrum after radar echo processing. Firstly, convolutional neural net-
work (CNN) and recurrent neural network (RNN) are introduced into the unsupervised inference-generation framework of
the variational autoencoder. The reconstruction modeling of range-doppler spectra is achieved by respectively utilizing the
local feature capture ability of CNN networks and the temporal correlation information extraction ability of RNN networks.
To fully capture the clutter distribution characteristics and two-dimensional spatiotemporal information in different regions
of the range-doppler spectrum, this paper proposes a clutter modeling method based on spatiotemporal variational Trans-
former. This method introduces the Transformer architecture into the proposed deep unsupervised clutter modeling varia-
tional network. Capture the global correlation of R-D spectral data by leveraging the self-attention mechanism of the Trans-
former network. In order to fully explore the clutter distribution characteristics of R-D spectra in different scenarios and re-
tain the two-dimensional spatiotemporal information of the original data, a switching mechanism and a two-dimensional po-
sition encoding mechanism are designed to match the Transformer network architecture. Finally, combined with the out-of-
distribution (OOD) detection strategy, this paper proposes a clutter modeling and radar target detection method based on
deep unsupervised variational networks, and reconstructs the likelihood representation of the unsupervised variational net-
work to accurately reconstruct the difficulty level of the input samples. The greater the reconstruction likelihood, the more
similar the reconstructed sample is to the input sample. Therefore, the OOD score is defined by using the reconstructed like-
lihood as the basis for dividing the target from clutter to achieve the radar target detection task. Verified by simulation data,
the unsupervised clutter modeling method proposed in this paper can achieve fine reconstruction of the clutter distribution
in the radar range-Doppler spectrum. Moreover, compared with the traditional CFAR method, when the detection probabili-
ty reaches 80%, the signal to clutter plus noise ratio (SCNR) required by the method proposed in this paper The SCNR is op-
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timized by 5.6 dB.
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AR R ANEL 5 s . B R-D iR AR YR B O 23 x 128,
L, L, 55 33w B B 4 Fn 2235 §h 4k 09 U1 i K/ 0, 0,
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6 Transformer [ 455 A R-D 3% 1 b 3
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PEMl:sin( PE, .., :cos(

n n
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b, d R Al i AR 4E R . 13819 1-D 7 B i A
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B YR 22 A ) R B IR G | 22 S 4 X
SRR N[ 1| A 1 v = = e 3¢ S Y
B A
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PE, PE, .- PE
PEg = . : ’ : : ’
PE, PE, .- PE, (23)
PE, PE, .- PE,
PE, PE, .- PE
PEDOppler: : ’ : ’ : . ’
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Zid b ARAE ST PE 0 A PE 1R PR 2 B2 AT

7], 447 B ) 24 1 22 30 A A 19 7 B b A TR R, T AR
|

PE,,=Concat(PE;,,... PE
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N ) 4% 2Z 1, T AT U0 BRAE B R-D 35 U1 43
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m2d B

HAFEA

hrea“zg:f ) E> ]"éj [j‘> Transformer4i %/ ( tinear? )
chw w)c &| VQ X\\]
[0 > 112%64
VY
M
] O
” >
<:| JF FeTransformerfif it 2 <:I e

HEHRE A
23%128

32X7X16

:f e
I e

112X32 112%64
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Gli)= ]\]]ljzlgj(i) (31)

N 1, if argmax u(x;)==1i
& ©)= 0, others (32)

Hir, (30) 45— ELBO Bl Sy 2.2 35 (8) 3 45 — 10
5 AE XI5 Transformer HL ] F 5 S 101, A % K 4~ FFN
BRI e A 2 78 0 25 X (31) h GG) e B I 25
FEARBEHUER i A~ FEN ALY (RS- IIHER 5 N, I e AR
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R i i 1 O AE A B B S AR AR T EA Y g AREAS
(e S R

. f{R-DFE
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FOAUIR R, FAREA S5 AREAS A (L 5 AL
AL /I 3 T X A5 A S A 9 iy A A AT
I, AR SO AS o 1 T AR (BL SR SR SR R A5,
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s(x)=1-M (Inp(x[z)) (33)
xexy, _ (x-m)
M(x)_ xmax ~ ' min ’ p(X|Z)_ 27'[ O'X eXp ZO'f
(34)

Horp xS A B IAREAS s o o, 0 AR G R BT R A
1o 3T A BRI EL AN TS 22 5 poc|z) W EARBUAR s M () S e
H—AE R 3T 54 FARBIREAS B RN REAR S M
A IR /T RS A 2R AREA . R, an R
$(20) 73BT B A, WK R A I B RE A 5 2 00D A
7 BICAIE Ry FAR 5 705 DU R R A AR A 2 Sy Al 2

5 KBWERSHMW

T B AR SR A TR B TG B A 2 11
ZR U AL 5 T A B AR R I vk B A BOPE L A S S TE
VAE A5 R 4 PR - i R 2% b 7350 5 LT CNN L RNN %]
2% 1T T CNN-VAE RNN-VAE Z% )% F /A . Hok
SIAFE TR 2T 0 A i 4 K 77 2%, A g A 2
RUAH LY T P £ 19 B 25 722 43 Transformer B8 |, Je 4l |47
SR . AR pR iR ) AR 3R e B AL A S P B, H G
i - {1 9 2% 254 ] vanilla Transformer #5580, 344111 5 2
1 X 245 6 00 SI2 565 45 By~ 6 B AR 43 AR X G N 1 e 1)
W . f e, AN SCHR Y T — R T B 25 28 43 Transformer FY
ZRUE TR T A5G 00D K S ms , % PUFP T TEAE T i

H A A o g BE R B EA T 04T
5.1 SCIGHUE

AR SR B A 5 B AR O SR B 7 FLAR YR
S AT X Rl X Ok S A AN TR A 4 A
TS 5 o 208 2R (10 S 0 2% I8 5000 R AT S 80U R S
5 4l B AS T % I A R X 1 B 2 8, B R
A5 20 (1) G2 15 R S 5005 B AS R 2% i 2SR 37 5 4
Pt R T AN R MO AN [ 0 2% I8 A 4 S
15 B T 4 B 2% P 2R X R /4 R-D 3% 3D & an &l 10 fir
L E10Ca) () (o) 43 B 3 R[] 270 1) b 4= 8
1 10(d) Fem—F TG 2808 , AR SCR AR LR ID 122
Py BLA IR AR PR Y. Herp = 2R I
K 20155 Fll Weibull 20 A3 ik >, A5 52 2% 0k 1 1 3% P X6
BOE S A iR 2 5286 0 BSOS S A HARRY
LR S, AN R T R F IR 41 0 EeBIRI o
IR EE AT B |, L P I 2R 8s 28 5 050 i, P 3t
s 1 220 W1 X F I A E  H R Y 600 WEHE AS i
By AR R 2 R, HAR 1Y 620 WUEHE 7 58 3T A%
DB IS B H bR, 52565 55 BT 5T b 2% % 1 12
i H bR FEE T RG24 A P H A, 15 B H AR AY SCNR
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10 1g(a?/P,,), o’ Fom BFRTIH, P e 44k 55 75 1
SR YR S AR 2 D R R | 24 T
ARFIR N CNR=101g(P,/P, ), P, Fe -1 4= o %
P R DR EAT B 44 I 04 72 2% M L
h 35 dB, G AR 1 - 4t R 25 dB. ELAR A 15
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5.2 XWiFE

S e F CNN-VAE . RNN-VAE | [ Zi i #% 1 i}
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Bl g 17 500 Wk, I ZRdtt k K/NHy 64, B AL Adam
Pedb s FEAT I 25, 2% > R 3 E N 0.000 5. X 55 7F Intel
i9-14 900 3.2 GHz /iy CPU E ML I ¥ 47 , 2% H NVIDIA
RTX 4080 Jij# .
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TSI VT R G A% B R I v i H A S0
PETTIEAE 23 W O m RS 25 E T AT SR EL A R P e
WA SRR TR R E T, &R
PR A PUAD S PR45 T 09 B AR e g . R, B X
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