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Abstract: Two methods for identifying frequency-shift jamming, i. e. , a classical time-frequency
correlation identification method and a scale time-frequency correlation identification method, are
proposed to solve the problem of self-screening deception jamming in linear frequency modulation
(LFM) coherent radar. For the classical time-frequency correlation method, pulse compression
and coherent integration is performed for the echo, and meanwhile echo signal is processed by
stretch process and coherent integration. Finally, the true and false targets are identified
according to the difference of target peak values. For the scale time-frequency correlation
method, pulse compression and coherent integration is also performed for the echo, and two-
dimensional concise fractional Fourier transform (2D-CFRFT) of echo signal is calculated to solve
the problem of echo window addition in the classical time-frequency correlation method. Finally,
the true and false targets are also identified according to the difference of target peak values.

Experimental results show that when the ratio of jamming to signal is greater than 0 dB and the
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jamming frequency-shift value is greater than 15% of the radar bandwidth, the jamming

recognition accuracy of both the proposed methods is close to 100%. Compared with the center-

frequency-measurement method and the frequency-modulation-slope-agility method, the classical

time-frequency correlation method reduces the critical SNR for real target recognition accuracy

close to 100% by 8 dB and 4 dB, respectively, and the scale time-frequency correlation method

reduces that by 4 dB and 2 dB, respectively.

Keywords: radar; deception jamming; jamming identification; stretch process; fractional Fourier

transform

LA (LEFMOE SRR B FINFESELZ
—XF LFM 5 3k 1 1 P 3 40 56 1 i 281 48 Fn itk
L= W /W & 1 = Wi B 7/ o3 = SR QUL i =0 1 N )
S T A S I AR B O AR R 0 TR ) R R
ST R (BN R0 QUINETE N FE 8 S NS VA E P
14 48 Wk 75 1 1 A3 RE A2 31 5 3 0 55 0 R 0 =X T
P38 SR i 1w B R H bR DU TR T Rk
B T Ak R . LFM B I B-% 3% 8 4 4
fiF I RAF BE S 6 5 15 % H Ar 2 3 ) 2 & & 1 514
JEE R[] B 25 B 2 5 Ok X Rk L B T
(FSI g & B X6 3% 45 AF 04 30 78 4 0 + $e Y i 780
K ALFE L sr i FSIL £ o0 FSIVY A 2 1 el i B
L HATA DK TR T, A B
2 FSI, SCHRE8 IR H T P AL 7 3 B 1) 7 & bef 4
W SEATTRT S EE S RIESEE S 5 ER
I 39 4 DG e 1 s B 1R 03 AR L A (7922 0 3 TG i xt
i £ syt FSI. &Fxdizinl @, SCk[9 1R H FST i B
s T 10 A IS PR B 5 TR Ak R R S R R R 2 R L
KRR IR EEAE LEM(SV-LFM) - 5
EAR H A5 {0 SV-LFM % N 0] 3kt b 25 5 in & 4341
AR, BPAE B LEM B3k, SCERC10 R 4 8k
By 4o L 25 e CERET) Bisf 531 e 5% 4 2 40 B85 B0 52 [l %
AT A5 5, 30 2 ) a0 A R U 5 2,
Ak (11 R BE 35 T o0 B 3 i L {H R fdf ] FRET, ifif
SR 38 3 1 A AR Ak B R 2k B R R GE L R TR
Sy B R IATAE 54y B . SCk[10-11 ] AT [a] B X Bt
Yo FS] £ 4 i FSJLH FRFT RH 4 B &
EITE R,

EEX) BRI, A SO, LFM #H 2 &H ki A T
I T 0 15 5 A 5 [l ik B A G 22 5L 4
HH 2 L RS AT A S B8 A TR Tk R R e AR A O
BT P50 Oy i o AR 48 AS [ b B8 05 20T H Ak Rz
KR BUEAE 22, 0 EL T TRR IS0 BB H b 56 45
WL T4 2 O AR R BRI N R AR R B
(8 L U HE AR 2R 6 A T i — 28 B SR AL RE

http: // zkxb. xjtu. edu. cn

1 FS] T4k

A B LM o {555 % o 5 4B 5y
s(t) = rec‘[(z‘,/Tp)e‘““2 (1)
Rl RIS T, S IK5E k= B/ T, A% B
HESHIE . Zora FS] M EFRRA R

L

L
JO = D = D s(pe (2)
=1

KL A BN (OR OIS LA E:
ML AR R Y L=1 . (0B 1k N 5
i FSJ. WA BT S BHAs, HAs ) 46 iE
BN R AR EE N o, 1 ASH 40 2R B (CPD
PN R TR 4 A L S Il g B AR S R

5 (tpoty) = os[t; — 2R (1) /c]e W™ (3)
APy RIS ] 5 2 =m T, AW IR] 5 T, S bk oh 8
M 50 WM RZBGR() =R, — o, HHRY
TIBE A PR B R B ¢ O A P . B IR IR
Z it FS]

L
JoCtiaty) = D0 ji(tat,) = e R,
=1

L
ZA[S[I;{_ZR(tm)/(,]Cizﬁ/,umnr 4)
=1

A LA R . B BLSE AR OR AR
R ESE, £ () = fo RNz TR

2, (st = e s (1 — 1) e Vatm
L
e RN A (1 — 1) e it et - r0(241,) (5)
=1

X cw () AR EH R s fo=20/2 8T L
ZBEWIA 500 = 2R,/ ¢ S5 REAG I (8] 5 e [7] 35 1
SE o X o, Ceeoty) BEAT BK 0D TR 46 75 2 52 F 90 1] 9%
LS P NGRS AP K v e 4 45 2R 23 5

L
Vet = 3 Uiaty) + D v (tiaty) 4 v (aty)
=1

(6)

v, (ot e "™AGT sine[ 7Bt —1t,) Je*™am (7)




138 [ . ]

Ko

R

Eird i 55 4

yi(testy) &~ e "RAA (T, —| f, | /R e

sincln(B—| f, Dt —t, + fi/k) Je™ % (8)
ey ot vy (potn) vy (st ) Ky (o ) 53
S Ry ok o R 46 )5 0 A2 TP Il L ECSE ML VB LA T
P B FIME TS 5 sine C « ) AR IH — b FE A& R AL, It
By (oo ) P2 R[] L I A8 46, 75 3 AH 2 R R 25
5390 R

Yoty ) =

L
Vel fu) + D0 v G fo) F v (ia fo) (D)
=1

V(s f) & e "RAGT sine[ r Bt — £,) ]
Msine[ eMT,(fr — f4) ] (10)
yiltes fu) A e ALY AT, —| fi | /B«
sinc[n(B—| fi Dt —to + fi/k) ]«

Msinc[ MT . (fo, — f1)] (1
P ey oo fo) vy s fu) 30 (s o) T 3o Ctis )
5390 R WK AH 2 B 25 8 32 T e el L S [l L5
AT s RIS 5 £ XN 2 B iR, AT
KXTIMT .20 FS] KRS EER L &
i AR H Aw R B bR ST G D) BB 5 R 0 & A
PARERA K,

2 TR R B

2.1 ZBEEAEXTHIZA A E
ik b R 4 Ry TR A 5 5 T IR R HE S I B AR
56, R A S B H A S . FST MR AR 5 TR
K R 5 AN () B A DG A 4 S [ml g i 1
P 5 & A5 5 S TR R AR [R] 5 Ao B3 S [
FORUBOAE GV 5 B AL AR ] . R A5 5 5 8
KRGS BB AR G 22 S T SE TR s . KR
THIZ B s AR SCHRE HY — b 2 i B AR OGRS A8 T PR
ST RSO D
Xof 1] 3z b Bt ] 2 ek kB 5% B S A S ]
BLEEEVE R . R, ], H Ry <R, <<R, —cT,/2, 1
B AT RR N
win(z;) = rect[ (¢ — )/ T, ] (12)
Koy =@R +R) /e AT, =2(R, —R)/c
Rt iR, WS ERITS% LFM 55
Foe(20) = win(z)e ™ (13)

FIH 2545 5 x5 30 (5) Pt ] e BRI 1) . 75 3

N iy n s . 2_2 iy — 1y
z, (f; 7tm) = e xR, AelZKjd/m emk(zU ) rect( ) .

TP

L
[O.eian(zl i EAleiz’U(llﬂt’) 1, e ]+ @) (14)
=1

http: // zkxb. xjtu. edu. cn

A @) WA AR TR 7 (o) —
O Ao T I AR G A B [ 3 2 AR S LR S5 RN
3. fu) =

L
5o fo) + D205 o)+ 3. (o fu) (15)
(=1

. 22 ; q
ys(fv_fm> = e |r1nR‘,/Aemk(r() rl)e\Zn[k(rl 1) f’r(’GTp R

sinc{xT,[ f— k(t;, —¢,) ]} Msinc[xMT, (f,, — f) ]

(16)
5. Fofu) = efi-ian/Aeiwk(zi*/f)eiZnﬂ*(/l*I())‘/,*/—\lo .
A,Tpsinc{rch[f— /Q(Zl - fo) - f[]} *
Msinc[ aMT.(fu. — fo) ] an

A 3. o) I fo) 3 s fo) B33 (s )
i = S (U w1 F 3N - RS b 3
LTt FE S 5 f iR, W EHME /R, & L
=1, %= (10) (11) (16) (17) B4 X {1, A% pg e s
B4 H T Bz mge FSI BKEM BRI S
FRGRRERE . T LLE 552 % Ik e A 2
RERMHS RG220 0, THLIEMH 28 AM |
Fol/k S5 THEE B ERIELER, 57T
EAG I 5 ) 30 WD B i F AR SE I TR vg, =
3max(ch 0% ) » HeH ol ohe 43 ) 0 8138 Jok e AH 2 1
B LRSI R M- ) %, max( » ) KR BUR
AR AR R EAR H bR

| Upe — Vae | << v s Elﬂﬁl

| Uy — vae | > 00 BB
K v o A MKEM SR LR SR ER
B AR 5 00 R B MH .

gE bar At B 2 gy T TR R .

(18)

FKIE —OFSHREAF —O HEHAR
HZRER AM(T,fi[lk)  oMT,
) T ___________ ‘F
foZ__._) ,_~_’_’T ______ _.,/'/
4 tyfi/k ty BEE
MT, A,MT
24 L oML, p
SRR O T ) ERE S
A -
9 k(t,~) k(1Y PES

Bl B AR S R X RS R A5 R R

2.2 RERABEXFHIZANGE

[ 9 Bl s 1) 2 A8 Ak BT R 52 30 M R A L HL
WEESEUEEE S ALRES TIES. &%
J3E 1 356 B B O K R 2 5 M5 45 TR S Tl ik 0 R R
FeEH#Y . FRET % T LFM {5 54 00, $0(E 3T




5K %+ A5 M [ AR G 22 S5 10 7 3 S B T B U 07 1% 139

[ vrcprz il |
¥
e
Bz

¥
Jik FEAH 2
P53

¥ ¥
EIREEET
¥ v

| W% |
<V ;—I—¢ Vi

EIINEZE

Kz TR

B IO ME S N R A A T A — AR e
7 B 43 B0 48 Bt 28 6 (CFRFT) & FRET fij 1k &
2= R RAR T Ozaktas KA AL i FR-
FTUT RS L CERET A [l AbBE T H, gt — 4
2 1 RUE B AR S RS 08T P U ik R SO ik 2)

¥ CFRFT #h R 2 "4 A 5 5 3E 5 (5.0
(9 Cpy s po ) BT 2 157 B 20 B0 4 L 72 48 (2D-CFR-
FD)H

)?plvpz(fwfz) -
oo oo
| ] 260K, LG podsde (9)

KPI’PZ (Sots frsfo) = e & aritnfs gimcotay & iznfyt

(20)

A L 43K 2D-CFRET # b i ) 451 2 Al

IR K, L, Csats frs f2) W R B G o = pim/

2 @ = pom/2 AR T HEHERE R . MR IR & O

S PEHIERR B E IR pr=acot(—k) /(x/2) %

pr= "D P =1 B2 AR A S (19 45 2 [l 5 5

(pi» DBYHY 2D-CFRFT Wy

&r(fl s f2) =

L
S oS+ D) 5 i) 3. (i f) 2D
=1

3. (frfo) = e MR g o 5 T M
sinc[ w T, ( f1 — cotayty) Jsinc[ eMT, (f, — fi)]
(22)
&1(.7[1 s f2) = e 1R/ e"“"“"krg e AT AT, M-
sinc[ T, (f1 — cotart, — f1) Jsinc[ xMT, (f, — fa) ]
(23)
Xy (a2 v s fo) 30 s f2) Ry (fos
F2) 430k 2D-CFRFT 4b B J5 9 52 T Ht 1] 3% | B 5
WIS 5 AT A s, 454 59 (10) Af
A SRR E 22 O, THRIE(E 22 AM | £ ]/
R UE(EZFSE 1 —2. L 2D-CFRFT Bt 2 &
SRR REE 2 PR R ] S BRI .

http: // zkxb. xjtu. edu. cn

3 TSR R

3.1 B¥IEE

WIREH 400 MHz, ik oh #5245 % 2 kHz, M2
EREANECH 128, F5 38 K4 LEM K i {5 5 . Ik 58 K
50 s, MESE N 4 MHz, REESIE K 16 MHz, % A
P TRM N A HBR IR E R 31 km, 235 ) 4
250 Hz, £ 43 FS] A% 6 40 it B0 it 43
MA—3.—2,—1.1.,2.3 MHz,
3.2 EEWITHESH
3.2.1 HERKIE 1 WA E 14 M4 AH
RGN I By Al A7 . AEM L — 10 dB,
TR 0 dB. 3 45 T 14 CPI 32 T4l .
Xof [T 43 ol 2 A7 Kk R AH 2 B8R0 25 R (B B 1 R
23.5~46 km) M S R G550 B AN ALK 5
e ATLUFE Y, B MR (R 22 450 T 0, TR IR (H
25 W B R LS ] W 2%, HLWRP A B 5 R Y
L2l 0 5 ) <8 NI 5 DR G T B R K L R )
B 45 5 MR S 1) Ty 3R 43 1) S 0. 018 4 WA
0.031 9 W, B & TP A HITTHR #0.095 7 W,
ZiaA8 K 6 4k TSR, R 6 A I,
SEHARF 6 AR B AR A ROR B R R
FIE L

70

W (=)
S O

{8 8]/ms
s 5

20

—_
S

0 100 200 300 400 500
PR R /s

B3 SRR T W

12
1.0}

2 0.8}

o

= 061

X

=04}
02}

HIHAR

0

400 55—

B . 2200 -400 20
g )

B4 SRIAASCO % 1 kA S B B 45 R




140 o% oZom koo R 555
12 HE AR 12 HEL AR
o
10 f
208 208}
o o
06 [ 06}
E 04 E04r
02}
0.0
50
oy 200 o %0 =T 0 0
By 5 -400 10 U B g ) -400 10 e

B5 RAARE 1 NERMES R R

o {5 A
TR _E540.095 7V
0.5
=
g 0.0 T \T
)
= 25 H AR
0.
PR FH4-0.0957V
_10 L L 1 1 1 J
20 25 30 35 40 45 50

B B /km
F6 SRAIASCOr % 1R T U a5 R

3.2.2 AF AR 2 TR SO 2 ORUEE I 45 AH
KT PR T B B AT A7 . A5 {5 HLEUE ]
3.2, 1A %f—A> CPT |9 dE47 Bk R S TR,
GEANE 7 Fros. 0 2D-CFRET 45 £ 8 iF
e BT RS AT, B H A I g {22 W) R 4
UEF 0, 0 0 25 B B K LS [l (i 2%, HL
Fofr kb B 57 2R B W RSP 34 T 23 KN K G A B A
. B9 A T RAASCOTE 2 TR 5255,
AT UL ELAE E AR R AR A 800

12
1.0F

2 08F

4

= 0.6}

=

& 04}
02t

0.0

0
ﬁ@‘/(m .

HIHbR

2200 40020
)

7 RAARSCITE 2 WIKEMHSREAL

3.3 HiEMeESH

R VA AR SC T 4 D7 Tk I U Ak R L 8 L ELSE H
PRE B AE B R (CTRAD R Ay T 3031 51 7 5 R
(JRA)%] AJR s@%ﬁyﬂ 1007ATR77}%%$% 100 —
Ao TEASMHLEUE —16~0 dB. [ FG 2 dB .2 17

http: // zkxb. xjtu. edu. cn

K8 SRHIAIINE 2 (1 2D-CFRET 25

1.0

[ oA
TR E540.059 2 V
0.5
=
= I
= 0.0 —
%
HEHbR
-0.5 TR TR A-0.0592V
_1.0 L 1 1 L 1 1
20 25 30 35 40 45 50

BE/km
B9 SRIAARSC Ik 2 T P45 3

SRR H 500 Wk AR SO 5 SCiEk L9 L Seik
L1007 ¥k EAT 5 Ll o 25 HE LS E B R 00 o 1 S Bt 1
W LA bl 2k an il 10 s, R 10 ATRLE . B
S H BRI A R A e T L O O R S
W KT — 12 dB B, AR 307 I R ST H AR TR
BRI 100 %, BB S v iR I B S H AR A 8 A
T B AR B8 /N T SCik [ 9-10 1 07 2% #E AR A e 1b 5% 14
R B T AR SO

100 .
90 //

N

5 80

§ 70+

§ 60|

& 5 —e— ARHEL

m —e— A2

# 40t SCHR[9] 772

" ol —— JCRR[10] 7%

20 1 1 L
-16 -14 -12 -10 -8 -6 4 -2 0
R HL/dB

10 ARSCT7 5 3CIR09-10 107 HE H A 52 B R
T3] o A S I £ MR LG22 A il %

) B {5 M FE O — 15— 10, —5 dB, 115 HLH
fH R —10~20 dB, [B1f% K 2 dB, F #& & 4 & 2
MHz, i 175 F5 R B & 500 %, B 11 45 A SR
Xt L 2 0 T VR 0 A R B T L AR fh i 2k . wT
DL AR A5 H 2 0F R SCik[9-10 107 2 iy T4




%2 W SR A R [0 B AR 56 22 5 9 B A R T L U O ik 141
100 * TN
ool 4 én I/l’:

S O
T

PRIRAIHERZE /%
22 3 g

—e— AIHEL
[9177%
H 40 —— HR[10] 7 ¥k
30}
20 . s L . s
210 -5 0 5 10 15 20
Fi5H/dB

B11 A SCTr ¥ 5 3CHRT9-10 0105 vk 9 T 43R5
T 5 £ P A fR 2%

U AE R 2R 3 10020, 5 ¥ iR HR H A5 g B 52
A AR R A0/ T A SC 2 O 325 1 B U0 o
R 100 2% M I A5 ok 0 dBL X 15 H 2ok
T CHk9-10], 2% 58 2] 1 Ht o 30 5 K T E 5Ll
W Ty BRI A SO it A B i R T DA 3Z

ik — 2B A3 AT B A A1 2 3 I 3R B o R B B
M, {5 M E B — 15, — 10, — 5 dB, T{F L H 10
dB. B 45 = B 0. 1~3.7 MHz, [d] & 0. 2 MHz, iz f}
SRR E 500 YKL 8 12 25 T TR IR e R
BERS A B AR 26 . 1T LLE B 00 6 T P 51
HER 252 ) [R) PR A K, Y B M i K F 0. 6 MHz |,
SCik [9-10 ] 5 fir £2 5 v + e 50 01 o w0 R X 2
100 %, M FE 4 i /N F 0. 6 MHz I}, J % R 1 g & 4
[T o o VT S = 7 o = A T i L S A R
o PR A3 B 1 52 W) 5 A R L R, LS H BRI
T 2 L A R MR N T L RS
AR, TR A R R AR TR R A
AN SCIHRC9-10 ] 5 £ 55 e 19 1 P 180031 o 1 2%, 1L
AR W8 b 254 B 0 58 B bR i ) S R H b, T AR
SOOI ARG M LU A5 0 R 8 S AN, HLRB PR FF AL
o 8 LR R

100
90
= 80}
g 70}
= oof —e— &XHH
= 5ol —e— &2
=21 k(O]
H- 40 —— SCER[10]77%%
30
)
00 05 10 15 20 25 3.0 35 40

B A /MHz
Bl 12 A SCT7 5 30k [9-10 177 2 iy T4 3001
T 2 Bl A% 401 2 Ak it 2k

http: // zkxb. xjtu. edu. cn

Jok i s 246 Sy [ 045 5 55 T 3K R SR AR T B S A
K EREAE B B H AR 5C L 1813 f I8 9 U B 1
HUI AR A Sy RO A A B O . AR SO T EC S (9]
W eI TR IR A AR T R OG22 L 4R &
S B AR S T PIE TR T 9 R RUBE IR AR 5 48R 5
Tk AR ERY . TERT 0 dBL.THIER
Pk KT 3K A BHE 5 98 15 00 E L A SC 2 Ry ik
9 T D TR0 o A 5 R AT 100065 2 fF R LR T
— 12 dBIF A ST R A O E RN T 100, 4]
T A R S MR R R AR L . AR SO R
Lo R Wt 1P b 2 HC R 53 0 ) [ 0 I 5 A
— L

S 230k

(1] EEwH, HMWF, BEE, % IRAELLTREAS
EAS P55 (M. bt 7 Tolk il ikt 2010 179-
181.

(2] Mimr, AT, $1%. 2T A7 500 2518 B0 0w

ik oo s 4 B 3 RS AR AR OH e 2 B T LS [T, =
T.24R . 2017, 38(11): 2134-2142.
LIU Xiang, LI Dongsheng, HU Rui. Research on
blanking shift-frequency-multi-carrier jamming against
pulse-compression radar based on OS-CFAR [J]. Acta
Armamentarii, 2017, 38(11). 2134-2142.

(3] Wasgk. &AM, HIGE, & X SAR 1 fk(E & 81 8%

s L 56 B A M, 2018, 40(2): 471-
475.
CHANG Xin, DONG Chunxi, TANG Zhengzhao, et
al. Inter-pulse periodical shift-frequency jamming
against synthetic aperture radar [J]. Journal of Elec-
tronics & Information Technology, 2018, 40(2) . 471~
475.

[4] YANG Yong. ZHANG Wenming. YANG Jianhua.
Study on frequency-shifting jamming to linear frequen-
cy modulation pulse compression radars [C] // 2009
International Conference on Wireless Communications
and Signal Processing. Piscataway, NJ, USA. IEEE,
2009 11051967.

(5] ZR=gtm, ke, Ratit, %, BT IR BEEILE
WA AL TR THRBR R H AR (1] BT
4R, 2015, 36(11): 2196-2202.

CAI Xingfu, ZHANG Xiongmei, SONG Jianshe, et
al. A jamming approach to SAR based on inter-pulse
subsection random frequency-shift technique and its

application [J]. Acta Armamentarii, 2015, 36 (11):




R

Eird i 55 4

[6]

7]

(8]

(9]

[10]

[11]

2196-2202.

BRI, HR, WEE. SAR 3% BB U ] 8RB
BRTHi e U] e TRSHFHAR, 2016, 38
(10) . 2287-2295.

FANG Mingxing, BI Daping. SHEN Aiguo. Doppler
shift-frequency intermittent sampling repeater jamming
for SAR [J]. Systems Engineering and Electronics,
2016, 38(10) . 2287-2295.

EARTE, TRMEFE. X5 ek 8 A bk i He 45 T 3K 1 £ 30K
P e AT L1 w7 515 %40, 2015, 371D,
2728-2733.
WANG Jiegui, ZHANG Pengcheng. Multi-carrier
modulation repeater jamming against linear frequency

Journal of

2015, 37

modulated pulse-compression radar [J].
Information Technology,
(11). 2728-2733.

W, FHEA, TRM. B SR H b 00545
Br M S Jr vk [T, &k %4k, 2017, 6(4) . 325-
331.

FENG Dejun, WANG Junjie, WANG Junqing. Signa-

Electronics &

ture analysis and discrimination method of preceded
frequency-shift false target [J]. Journal of Radars,
2017, 6(4): 325-331.

HANBALI S B, KASTANTIN R. Countering a self-
protection f{requency-shifting jamming against LFM
pulse compression radars [J]. International Journal of
Electronics and Telecommunications, 2017, 63 (2):
145-150.

HANBALI S B, KASTANTIN R. Fractional Fourier
radars for countering self-

transform-based chirp

protection frequency-shifting jammers [J]. Interna-
tion-al Journal of Microwave and Wireless Technolo-
gies, 2017, 9(8) . 1687-1693.

R, EFEWM, A FJe, & mALEEY RAEE S
BIE B TR AR [J]. dEsAias i R K2 4M .
2017, 43(4) . 733-736.

LI Xin, WANG Chunyang, FU Xiaolong, et al. Shift-
frequency jamming suppression technique based on po-

larized channel expanding and blind source separation

http: // zkxb. xjtu

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

. edu. cn

union [J]. Journal of Beijing University of Aeronautics
and Astronautics, 2017, 43(4) . 733-736.
ALEXANDER D P. Transforms and applications
handbook [M]. 3rd. Boca Raton, FL, USA:. CRC
Press, 2010: 65-66.
BARNETT V, LEWIS T.
[M]. New York, USA: John Wiley &. Sons, 1994
210-214.

MANSOUR T, LUTFI A, HASAN M. Miniaturised
stretch processed radar transceiver [J]. LET Micro-
waves Antennas & Propagation, 2018, 12(3): 320-
325.

PETI S C. DING ] ].

Outliers in statistical data

Simplified fractional Fourier
transform [J]. Journal of the Optical Society of Amer-
ica A: Optics and Image Science, and Vision, 2000,
17(12) . 2355-2367.

CHEN Y L., GUO L H, GONG Z X. The concise
fractional Fourier transform and its application in de-
tection and parameter estimation of the linear frequen-
cy-modulated signal [J]. Chinese Journal of Acous-
tics, 2017, 36(1): 70-85.

OZAKTAS H M, ARIKAN O, KUTAY M A, et al.
Digital computation of the Fractional Fourier Trans-
form [J].
1996, 44(9). 2141-2150.

BULTHEEL A, SULBARAN H M. Computation of
Applied and
Computation Harmonic Analysis, 2004, 16(3). 182-
202.

IEEE Transactions on Signal Processing,

the fractional Fourier transform [J].

ELLISON S L. An outlier-resistant indicator of anom-
alies among inter-laboratory comparison data with as-
sociated uncertainty [J]. Metrologia. 2018, 56 (6):
840-854.

LEYS C, LEY C, KLEIN O, et al. Detecting outli-
ers: do not use standard deviation around the mean,
use absolute deviation around the median [J]. Journal
of Experimental Social Psychology, 2013, 49(4) . 764-
766.

(il 14




