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Abstract: The miss detection is liable to occur when detecting stationary targets in complex strong
ground clutter. Based on the Double-Parameter—Constant-False—Alarm-Rate(DP-CFAR) detection
method, this paper proposes a Multi-Time-Scale Constant False Alarm Rate(MTS-CFAR) detection
based on pre—detection recognition. Before the detection, based on the difference in the multi—time—
scale statistical results of various types of targets, the moving targets, stationary targets and clutter are
distinguished and identified, the interferences of clutter statistics and target statistics are reduced, and
the detection performance of stationary targets is improved. Based on the application of traffic radar, the
performance of MTS-CFAR algorithm and DP-CFAR, TS-CFAR and CAG-CFAR are analyzed and
compared quantitatively through simulation and measured data, which proves the superiority and
engineering application value of static target detection of the proposed algorithm.

Keywords: strong ground clutter; time statistics; Double Parameter Constant False Alarm; target

detection; identification before detection

IR 404> 75 3K i THL I 4 4G T PR B8 Ak S 2 278, T S A G 45 A S0 1T A S TE A HIL I B AR A A, Ui
RS E AR A DU R S T A R A% e T A S A BB R A I Ak HARAY RN TR A R 2 T E 2
AT, S5k B TE 2 % W EE S, JOE A AL S 3 B bR A I SR FEAT XAy . T ELOT L IR
ik ML B4 3b 2% i o B TE R OR T B0 KT HAR AT iR, B RAE S MR SR 200 =1, 5 BU% Go i 5 AR wE
PL3dE T, AL G e 7 0 2 PR 058 A2 R A7 200 592 B AG: I 2 A4 i g T L0

SR 28 1 5 2 0z Bl HAR A (kT80 H AR v LUSCR A R 07, (B — R 2 A X A S H G T 1 SE it
SCHE , AEAE 2R I LSS H AR AR T B AR — IR UEBR o [m) i A 00 o 72 2 8] PR ORI B[] — 23 A, H IR 30 e
SIATRRPEAS R TTRR A BN RS AR SCOR I AT LU BT SR iRk, IS 0 AR AR T BR ) DP-CFAR 6
TS0 5 B A R BB R 00 T 3 1 R DR AR 0 Y R B MR, AR SR LA T T R R A A D R Y
MEA R AT S5 PR 1 A 0 T L R RS 0 TR 94 2 e ) R XS B ke A i, e E AR A TR A
FsHEA: 2020-11-20; fEEIEH: 2020-12-07




551 ATERE: EFENENEAE MTS-CFAR &Ml /7% 31

Kl SR, X HARR B S 28 A 8, M RTROM A A5 R AT S5t 2 T ik ) RO 5 B A58 2R e 45 4 IR BG4
SRR AR TR AR, (A A SR A% P PRI A9 L 05 FAR AL mT RARIAT S5, [R] g sl T -4 AR ok B 820

1 ETF M ETiE B 59 MTS—CFAR & & 5% 4> 47
1.1 DP-CFAR EEE KRR

%45 DP-CFAR B0k i 2 (46 R Ul S A L BOVHI BT o S SR (B DA K FL AR A e 4 A3 20 o A I i 75 22 1) )
T 0 08 BUSRHE 9 B 23 BE BT R AT B ke, W BT el FAR O, PR ORI S O =R 4L o Hok H AR
7 AR A B A, TR D TR SE R, R DT TR AR F AR TR XN O S O T

DP-CFAR A6 55 vk 1) T A8 T35 500 O LB E AR E 22 9 TH, G0 — 4 10 (0840 L3 5 767 10 T 68 oz ) %
B, VPRI S AR EZE , Y R BN RS S I e i A s BE 2 8 Ak . DP-CFAR A& I s P45 K40 T T 1
(ELTT BRI fr) 5 55 2 10 429 (i s o 22 3 58 T 108

N
Hy= zxi/N (1
i-1

= S Y o

A NOVE SR DR REG x O R E RN s, MR DE o, TR H bR
H¢ DP-CFAR K T (9 H AR 67 1199 (E 5 75 5 0 (AR 2200, JFBR DAY SeeT bRz, R o R 5 B TR
PELES, P HbRE NI SRS B AR

(o=t Vo>t ©)

Kb w WEBRE DB BRI, SRR 2~3, FiE R G), Wil 1 £RE BHig, RZHH0%R
BeA Hbr .

1.2 MTS-CFAR #& | & ;X B AR &

2 R B B Ok i B AR FE R Y S e B AR T U IE, (BRSO H AR H a4 T
— A E, T AR KA S S ECLH R E D AT TE X G S E I TR T H AR XL,
PA] I 6 1 G I 7 1R 031 9 MTS—CFAR A6 I 550 10 488 22 B (0] RUBE G 1T Y 52 4= 0 e h % JB ok . B 1% 4t DP-CFAR 19 45
SGE A B B G AU B RN ZE 1T R A9 CFAR 255, 3l 2 A [R) 278 [ A5 78 AS [5] B[] RUBE T (0 G 0 285 SR i) 22 5 R A7 X
gy BLRSCHE AL BR A -

D) YT E AR E DA w . T S ORI p, ABRIEZE 0

2) TR R GE TN BAR G DR . ST R AR g, FRR UE 2 o

3) A KB GIE T HARE H A 0, . 35 506 B IE w, AR HEZE 045

4) G KA R s ] ROBE R () B bR g 1 SR AT R DU, DA 3 S I A ) vk e i 245 SR b R 2 B B b . ik B b
RN ER P 3

5) FR 4k H AR 2 B H A5 g 1 rb 23 52 e e I 20 SR 14 38 43 B0 S H AR TR 0 DI BR FE L O H AR g E o A 0 43
P IT B N A T 25 1T 58 45 R S 15 4R 0 IR 18] 5 1 XS B0 1E 2 % (Short Time Statistical Double Parameter Constant
False Alarm Rate, SSDP-CFAR)H I — Wi Y 5t % 1 (8 A bR o 22 103 H 53

6) AR5 H AR 2 B B bR % 1 b 23 52 i 46 00 250 4 A 38 43 1 4 6 7 Y AR XU B s, %k B B R 1 e A Y
e I E AR ME 250 A5 R G138 2 i B AR O S48 RAR ol 22 B9 F B, BT a9 a5 R RO 45 K TR 4
WS U E % (Long Time Statistical Double Parameter Constant False Alarm Rate, LSDP—-CFAR)H T — i) 75 5t A
1 I{E bR T 22 T

SSDP—-CFAR Al i 1 7 ke ) (L FIAR 1 22 B3R 585 1 Wt RSB0 /2 B #2754 T DP-CFAR A I A, IUER 2 it P 15 K 4l
TR RS R GE T N A XERIBRME2E 56 p Mt ISR T 1 T B A 00 P 22 (6 R o 2 12 W Y i 3 70 1 S il 1
Y (B bR 1 225 5 10 p—1 MRS I GETH T B S FAR 1 22 AR AS o 55 p Wi T B 1T BRAS I 9 35 55 7 1 341 A o
2N

py=kox D (p=1+(1—k)xp, 4

i=1



32 AHZMESEFRERFR %21 %

p-1
di=kx >0 (p-D+(1-k)xa, 5)
=1

ey, IS p WIEMEEAE R F 50E D3E, B ESOME; o 5 W H bR E O ME s w0, 5
TR T AT TRRAS I 5 55 8 D ME s oy, 5 p RS ER 19 75 St D bR 22, HE ik SR MIE; ok
Himi BARE O RIERUEZS ; o) AR ST N T BIE T BRAE I A3 = B AR EZE, kR 0.7~0.99 f— A [ 2 AUE
2, p=2.

LSDP-CFAR s F - J4 ke £ 349 {0 R s o 25 B3 58 — ot LG B0 2 B 4% 05 17 DP-CFAR K41, 565 p i % 503
TR T T B A I %) = 1 0 S4B AU o 22 1 BRI T 1R o

=K' % iy, +(1 —k")x (6)
oy=k'x 0, +(1-k")x 0y, (7

AP my, W WTHARE DTG RME, n BT IH05 K w, BT TAE R GE 1T B ] BRAS I 59 75 5%
W HBHE; 6, HnWIHRE DTS ARIEZ, n 8T K, o WIAFMT HTAE EISE T BE TR A
PSS ARUEDLS s k' 0.7~0.99 1 — A [l E AU R 8L, p=2.

AR R ROEE T A e gy AR =X Q) i, BRIE 3 FF 7 i FAaE—A HARt 0 NS &S24 & A AR g . 8
IRAL 55 DP-CFAR JCIE X Tl b H AR #8244 A 80k , (4 Rt 20K T30 B AR H R BLSe A Arin S22, s nt(a)
Giitazd T 2w K 2w LM Z B BE SEA T AT, B WG T R A, IR R B AR T E bR 2 B b
PERR, RAERHTLiEE RS g 2 . KIS E T n WS S E AR E S, Hoa T I0g5 K, ENA X}
THRAEMZE ST, Wb T Hbs i THE S AR K HAsEZER/N, SaR0ER, (HIEmE L B Ar i T8k
WIECA PR, MR R G R AR /N, RS e R . KA Rl e BLAY S BB, LR 1,

22 1 ZHi RSP

Tablel Multiple time scale decision rule

different time scale decision under different methods
DP-CFAR 0 0 0 0 1 1 1 1
SSDP-CFAR 0 0 1 1 0 0 1 1
LSDP-CFAR 0 1 0 1 0 1 0 1
comprehensive judgment result 0 \ \ \ 0 (interfere target) 1 (temporary stationary target) 0 (interfere target) 1 (conventional target)
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Fig.2 Detection threshold distributions of different statistical filters for different types of targets
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Table2 MIMO system parameters

carrier frequency/GHz pulse width/ps bandwidth/MHz numbera?liet;z;gssmlumg numbearn?efnrggselvmg nums:;lgfiﬁ zlses number of pulses
60 50 540 3 4 64 128
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Table3 Statistics of measured results of different CFAR

detecting algorithm correct target number residual number false—alarm number leakage alarm rate/% false alarm rate/%
DP-CFAR 147 3 11 2.00 6.96
TS-CFAR 144 6 1 4.00 0.69
CAG-CFAR 143 7 2 4.67 1.38
MTS-CFAR 148 2 1 1.33 0.67
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Fig.3 False alarm rate under different conditions
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