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Abstract ; Frequency modulated continuous wave ( FMICW ) , which can solve the problem of transmitting signal leakage of FMCW ,
has the advantages of high resolution and low intercept rate. But it is difficult to detect moving target. In order to solve this prob-
lem, the echo characteristics of interrupted continuous wave radar are studied in this paper. Firstly, the model of echo signal is es-
tablished, the beat signal is analyzed and deduced, and then the velocity and distance information of moving target is extracted by
two-dimensional FFT technology. Simulation is made by MATLAB, at the same time, the two-dimensional FFT algorithm complexi-
ty is analyzed. The results show that the method is effective.

Key words : frequency modulated continuous wave radar(FMICW ) ; velocity; distance; two-dimensional fast Fourier transform (FFT)

DOI:10. 16592/ j. enki. 1004-7859. 2021. 06. 002

0 3

(1%

LMLV S 1k BA W o B i G
B X ARG R ARERAR R 20, IF HAT
BB N TR R RS S S s
TS IR AT AR S PO R X — B, I X ik
REHIFR B R B o N i PRiX — RIS, H RTAFAE
8 5 VR < SR FH PN ST R T S el s >R
XA HE A DB 5 5 A5 5 1R R 5 3 e AR R R T )
BB, H X sy S B R Ak A
et —Ph 5k , RISR AR W 12 25 35 ( FMICW )
PR BN — AP SRR AR S AT o vl b
ESEW TR A A T ko 2% 8 (PD) ik R U
JE S (FMCW ) T 35 1 f 34, SR ATICR 43 1 11 T

W FE B H#9:2021-02-10
— 6 —

{&iT B H#9:2021-04-08

P77 30, BERT RAARAR 55 Bk ol 45 5 B A 24 A9 WOk B
B, O T 3% S e IR R A U ) TR R 3L
B 7 AR R R, A RGR T TR K R T
AET o b, AR SO FE R S e T 3 8 D A i 7
Bl BARIEAT RN SN g FET D5 kAT
201 o3 5 4 T, P X FMICW 3 345 5 847 20 A
ST T T 5 e A ok rP U ] R BRI MR 4
FET S35 5k FR ot [l 94 15 5 A0 B, 45 31 F A 19 8 32 5 B
B A5 R, B 78 MATLAB gt A5 0 BRI, 204 1
BT IRE

1 =% FFT & 3404

AL AR 5 0 0], HL o ik Bl AR S AE AT 4
K1 B,



- FRARDBAE - %L LTI RIS S 1030 B BRI ik 2021,43(6)
BlRA

s ik 1
ALY W | AL —-»I>—

Qi

———
R
B s R G
RASH RO A T B I TR R (IR 2{R +v[t+ (n - DT ]|
T = =
TR AN AR AR AL o MR A [ ¢
ST R IR HOR R AR SR 3% W 220 @
c c

T ARG B B R ARAE SR 0 SXRE AT A48
RYGEEE R ARA T B, BT ME BE R AR, A T I, B A
FEREAR, 2 T 4RI

NTTAEHES:, S WIIRARDL A 00 fo iR, B
NAFSE, T, AT GE o WA SHE S ] Rl

(1) = AgeP =

. . B
1211(/0+Ft)t
0€ =

2o+t

Age (1)

)
5

RBAERT B N R AL A7 AE— N8 o 93 B AR,
FUbR X R A SCRESE IS Sy 7, A 2 B3 5 A

s (t) _A,ejz"'f[./'o(tfr)ﬂ/,(tfr)z] _
A Iejz'lT(f()ﬁ—fOT e+ - 2uir) ( 5 )

ZEWF S

s,(1) =s,(1)s,; (1) =

Pr(fy+u®) —im(fyl Syt +ar? = 2uir)
AATe T T =
2 fyr —pur” + 2uir)
AOA,e ™ UT UT T (3)

2(R+ut)

’
C

FE—A~JE 9] P [l e HE I 7 =

IM7EZ A JH
OIS 5F5 A B0 [ 90 A o

. 2R "
ifrirg =20 s I
B HE T
Pl oA (=D gt (= )T, P2 st (=11}

s, (1)= AA'e ~

. 40 4o 4wy At
, gt (DT plring g (n=DT 2 (- |

AAe ~

4
AN Pl fyrg gL+ (n=D)T,) prg-r L1+ (n=1)T ] +2ir |
e
0

(5)

2v v .
H fi=f j,ﬁﬁj%ﬁiﬁﬁﬁ%lﬂ%o
c

AT =t+(n=1)T , BpSCFPLmta] ¢ Mg E T,
(PR

4
27 gt o a7, Ty 2t
s,(t,T,)=A4,A"e toten (6)

X RN ALK A 2 T — A JE ] A il FET

ds,(1,T,) _ 2B 2R _2BR

dt - MTO_ZTS. ¢ T.c

s

=f (D)

X i i) SR A 24 T 22 R I P AR K BT B

dsy(0,T,) bo_p 2R dv_
dT, —Jae T To c c ¢
8Rv
fd_c—ngd (8)

&R
i vecc? , LIS A 20

4

2 FMICW {55 o #7 R

FMICW {55 BB &l 2 fiis



&

i)
5

2021,43(6)
. 7: '
' T !
w11 [,
NS B 1
BRI+ — '
v b I L
el :/L/{T/W
LEMCWS3 5 g ————— = r e
Bt 2 /‘ ZaE. '
] !ﬂ
Y EE o B R R

T
B2 SR BTE SR &

T, 3 e SR AR, 7 D il 5, — N
JAINA p AVEE T B ELE A S N

-p2n(fp i)

S/'(t)=e , 0<it<iu, (9)

A ce, g vP RT3 22 R PR ) R . IR R A
Jei , VRIBI FR RT3 S K S T

P . . M”22 _ T
—i2m( (fytumT ) t+50%) t —ml,
S'(1) = z e 0 : rect( - ) ,

m=0 To

0<t<m

A ery WHIE BN TE 5 T, AT i B A o .
PIBBEAERE B R Ab A7 AE— DN o 193 H
B, FUBRRS B RCRESE IR DAy 7, DU e DB 342 485 30 7 3% [l ¢

5N

(10)

P

S/(1)=Y e

m=0

!

2w (fyumT,) (t-1) +E(-1)? t—=mT -7
rect{ ——————
To

(11)

Arp:0<e<r, s M2EHE S W (12) iR,

] S 220515 S vk FFT, B =X (12) Bk
AR B AR 2 R, Rl S (13) L (14)
IRZATE) BARIBE R R B
S, (1) =8/(1)S,"" (1) =
. jzn«/;)mmr,.)r-g<72-zf>>rect(t -ml, -7

ZAe ) 7 <7 <T -7

m=0

!
To

P . . M2 - T - A
2((f T Y= (%27)) L—ml, —7
ZAG 0 2 rect(i) O<r <7

m=0

T

Ae

P2y (L —ml, =7
0 : rec(i, I -1 <7 <T,

m=0 r T To

(12)
— 8 —

_9
R-ZM (13)
_Cfd

3 MATLAB {5 2 3 3F

AR B 2 T Windows 10 R 45, MATLAB
7.0 RRAERAY . B IR VA b W i SRR T, B
WS, =77 GHz, (55 HE T, =20 ms, 5 58
B=100 MHz, ZHHLAF 2N E PGS B BORFEA
A f,=50 kHz A8 21— IR RAE S8 1000, 4
Sk 64 Ji I, MRS AEAE P Bl H B , B2 R B
S35k =250 m,r, =200 m;v, =25 m/s,v, =35 m/s,
A ZHEFFT 5 %, S8 44> J8 399 3 B9 101 30 45 5 ik
1 000 s %) FET, %5 64 A~ F A FET 45 5L 4% 5> h
BIEIC B 64 53 FFT, 232018 3 Frs g4

FFThbH /10
Bo v 2 o x O

2
. g 5 ¢
454 T "

B3 T4k FFT {} B4

HI &L 3 e (o & n] AR 7o 28] A A B g ARk B2
FE,5A13) L (14) —8 (i HEVREAE T ik 5
LA

N A FET Uik R R b AT oo e 4
FET 80 N, 4 FFT G800 M, 3590 32 (0¥ 5is
BOERE BT RS M 4L N 5 FFT I8 50R N
M g FFT 385 i ZLRAT I EE 2R T A7 25 18]

C=2x%x2%x32xMxN =

128 x M x N (15)
I TA) A2 2% B
C,=MXNIbN+NXxMIlb M=
MN 1bMN (16)

4 M RN HBCR, fR A2 B DSP Ot A 94T



- FREREEA -

%W TR

S K 3 BRI 7 o 2021,43(6)

AbFR i R A e BT &
4 HFRiE

ARSCR T JRB I8 i S T IR AR, 2 G
FET HOAR K ] 5 28 %0 2l F AR (9 460 o
RUR ST BRIEHE S Ay FLES
AR X—RGRE%E

SibuR:
ST, SRR TR g 3
H ARG L, LREIRFF

2 & X

(1] XU, 2 IR 43037 22 0 B s I I /I AR A 0
BELT]. AR FX541, 2017, 40(6) ; 86-88.
LIU Yanping. Low speed small target detection method
based on linear frequency modulated continuous wave radar

[J]. Ship Electronic Countermeasures, 2017, 40(6) : 86—

88.
(2]  ZEAHEEH. P e S TR R T e I e s [T ].
PR, 2007, 29(9) : 16-19.

YUAN Weiming. Study on a new design method of quasi-
continuous wave radar waveform[ J]. Modern Radar, 2007,
29(9): 16-19.

(3] W%, R, WAL — M8 W 2 ik
EBLHIESEL T ] AR T, 2010, 6(6) : 48-51.
CAO Junliang, MOU Lianyun, YANG Wangcheng. Study on
waveform design of a new type of interrupt continuous wave
radar[ J]. Aerospace Electronic Countermeasures, 2010, 6
(6): 48-51.

(4] B M. ZRUEXHZESHY ARSI A
ik, 2016, 38(7): 21-24.

KANG Meng. Doppler extended target detection for millime-

ter-wave radar[ J]. Modern Radar, 2016, 38(7): 21-24.
[5] k=g, X i, WEGE AIERIUELLE 5 S8

HE[T]. BACEK, 2006, 28(3) : 40-43.

QIAN Yunxiang, LIU Yu, HUANG Huihui. Parameter esti-

mation algorithm of linear frequency modulated continuous

wave signals[ J]. Modern Radar, 2006, 28(3); 40-43.
(6] JwZrit. VRuIn) Wk Sl s 5 S A B M S 5 BT ]

KEEIRFA 2011, 40(2) . 30-34.

WAN Hongjin. Signal processing analysis and simulation of

frequency-modulated discontinuous continuous wave radar
[J]. Fire Control Radar Technology, 2011, 40(2); 30—
34.

[7] PITAS K, REJFEK L, NGUYEN T N, et al. FMICW radar
target classification by neural network [ C]// 2020 30th In-
ternational Conference Radioelectronika[S. 1. ]: [s. n. |,
2020.

[8] EBJmmE, MOBTLL, 58 3, 4 KRPBEMGIHE ML
THEFFT S AL AR [T]. Rt A iR R4 4,
2020, 46(1) . 220-228.

GUO Chenxi, HAO Xinhong, LI Ping et al. Optimization of
two-dimensional FFT signal processing algorithm for millime-
ter-wave frequency modulation fuze[J]. Journal of Beijing

University of Aeronautics and Astronsutics, 2020, 46( 1) :

220-228.

EEE T
% A
AR AGIE 5
Z= Js %,1988 F A M EHR A, B, BT R B h A

% ,1985 S A B L AR R A TR A AE B AT





