’i) Check for updates

Journal of KIIT. Vol. 20, No. 4, pp. 81-87, Apr. 30, 2022. pISSN 1598-8619, elSSN 2093-7571 81
http://dx.doi.org/10.14801/kiit.2022.20.4.81

MPRF #lo|tt AlA'loA &5 4 2FE ashy] 9%
A MITo| #3 A+

.{

o

Ofol
o
*
&
>*
*

0
N
Il
n
N
B
pi
*
*
no
N
Ral
Ofol
>*
*
*

A Study on Selective MTI to Reduce the Error of Velocity
Estimation for MPRF Radar System
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Abstract

This study proposes the selective moving target indicator (MTI) method which estimates the precise velocity for
medium pulse repetition frequency (MPRF). In MPRF radar system, because the high velocity is folded into low
velocity in one burst, the folded signal cannot be detected in the strong clutter environment. Even if the target signal
overcomes the clutter and is detected, there is possibility that the velocity information can be distorted. This is a
problem that occurs due to the fast Fourier transform (FFT) characteristic for obtaining Doppelr information, and MTI
can be considered to solve this problem. However, the MTI for all range cells has a disadvantage in that the amount
of computation increases. In this paper, the method of selectively applying MTI to detected range cells is proposed.
Then, the proposed method is confirmed by the data from the real experiment.
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Fig. 1. Ambiguity of MPRF velocity



Journal of KIIT. Vol. 20, No. 4, pp. 81-87, Apr. 30, 2022. pISSN 1598-8619, eISSN 2093-7571 83

. spectrum

/ Clutter ‘___“__*’

f=0 PRF  frequency
() 228 Mo AHEY
(@) Spectrum of clutter signal

spectrum
5P Clutter notch

F=0 prr  frequency

(b) MTI 25 SE
(b) Spectrum of MTI filter
a2 2 23 AME 2 M 25 AHEH
Fig. 2. Spectrum of clutter signal and filter

x(t) N y(0)
X

Delay, T

T2l 3, okl XjodA Ak 7|
Fig. 3. Single delay line canceler

Normalized power[dB]

: : : : - :
0 ~— FIR filter response r—
— I

FFT filter response |

\
2t/ ]

Frequency [Hz]

O 4. FFTRF MTI ZE SH
Fig. 4. Filter responses of FFT and MTI

PRF

A A § Qe MTI HEE I8 3
W Z2e 9 AAD dH7I(Single  delay line
canceler)’} Qs 4 oM A5 FE Hstd olF
AAA, N2 2= 7] 5& A T8

B =RoA AF3 MTI ZEE A4 A2
Hg37] flste] dAskgol AL @AM 34

715 1 st4T

MPRF #oltholl = N7le] HBAE 55

= 4

AgstEE N7)e] HAd qm % 2
o] terd % ik
'SAJT[(”7T> = Sn+1 (r)— 571,(7") (1

A7 n=1,.N—1°¥, r& Z} I~ &
= Ueiinh 4 (D9 Adghs 4 A A
sto] FFTS Hotd &&= ARS 328
MTIE A2 £5 2YHE S8 A
o] 2 ~HNEH FIsl= FFT 295 &
T Stk I8y 19 49 Zo] FFTEY ZH o5
o] wtol ddh= A5 E FAY 7hsAo] wopzith
E3E PRI(Pulse Repetition Interval)7} AAY ME
g Fr7E o A Aol Wobd Aikgol =

olltke ©ol 9l

o
)
[>

l

., MSE™ MTI 7|

I9 5v e F40] 39 A Ao &4
& w7129 2 B2 A FFT 29E
HE Uepdth J84 & 5 %ol FEE A
A7) St B8 THE AHESHA &s AF &
Aol &5 AEs B FAo] HA gom 9
Fo] A= AL & F St olE As] 4
slof 21%4_4 TIE 18& F o A A
Ao tiste] A Esh= A A SHAA B
stk ek B dolAMs FFTE AREste 23 &
225 & &2E Ao ARt MTI A2lshs ¥



84 MPRF #olthel A &x 34 2#E #adly] 93 HA¥4

Je Ak AEA MTI B4 3 HAE
el F4 A 7ot dEFe HorE 7(N-1)
el WA ste] FET, FHE ~HE-0] A
So Exshe S st EF &5 v ol
A gAE" g0 tisiAtt MTIE AMHEstH S2
E AAE ¢ H2E Y 24 Jiee Ada &
T AUth

weh BAE S
tstel MILE she Zluth Aokt
% 5 9l

AALFo] A .g_%

True
spectrum , velocity
:

" Detected
velocity

zero bin N bin Doppler bin

d bin (blind region)

a7 5 22l ¥ Yolel S5 ZE BN ot FFT
n

Fig. 5. FFT Doppler filter result of clutter and target with
an arbitrary velocity

Matched filter output

}

FFT

CFAR

!

15t Velocity estimation ¥

=

Yes

MTI for detected
range cell
and extract velocity Vigr

l

Velocity selection -

JO% 6. Motsts MEXM MTI 212|E
Fig. 6. Proposed selective MTI algorithm

_1)4

MTIel| &3 A
Iv. e 21}
Agksle 7S ASskr] st AA & 2

A8 B304 243 AW Holeel A8
oA SthY dolrish RO EAFAE Mgt
) dolHE sustaon U8 Hold:

o, 5 48 $9 Aust 2P AsAe A%
4 A5, 2eE 459 48 A5

2344 AP-EE HolHg

ol AAE BH &%

rlr Hil

Pt oAy
280 m/s ©]t}.
28 7 RAZAANA 4T 2
of 243 HolHE AP-L% FlN
o #MAES AEEG TER HYE T
43 45 2% deh Aole. 28l
Qo] m5A 7
N B A2 2 4 A9, Aol PRIk
R5E TS W 2o WM A

=2,
B Uy

Moo bRt AN BTy S ok

e

o

™
3
)
4
(N
i
PO
52
5 S o
kel
Ho

5 &
= 3g962Imisolth T B4 MAEdA &
FAo] d=ro] Yeht 59 25 A48T A
& 5 o 19 5 R SET FHP w2
o sFsh= Agl-=& dloJE ot

7% 89 Wb o mAE RN
YT EAS) 2AEel Heln EATE A
£ o 4 slon] 2E 29ER) Y £2
2 FE|S AASHE F29 £=& Ado] opd 1
4oz =4 4 9o

a4 &
e L a i il
50 # Y R S

Number of data sample

g 7. 5915 &8 dlolH
Fig. 7. Measured velocity with ghost



Journal of KIIT. Vol. 20, No. 4, pp. 81-87, Apr. 30, 2022. pISSN 1598-8619, eISSN 2093-7571 85

Target+Clutter

150 +

100 ~

50 |

500

200 10

10
Range cell ) Doppler bin

% 8 st HAE JHE| =28 ¢
Fig. 8. Range-Doppler map of one burst

Doppler filter response
140 - i P

| — DF response at range cell
130 P — Proposed algorithm response |

120 7

110 f
/

\
100 / t

g0t / \

Signal Power [dB]

L R R \ . =
70/
60 - =

. v o
unused bin b

or (blind region)y/

40
1] 5 10 15 20 25 30 35
Doppler bin

3% 0. 71E wen Nekste weel £Ee| ¥ 8l

- od

Fig. 9. Comparison of Doppler response between
conventional method and the proposed algorithm

3% 9= Y Ag Aol thstel Ml B3 2
e Uit 7129 £EY BHE A8 F

AN =4 SR 6H%6‘}{— £52 2457 2
o Z2u Aljtehs daEles ARE Ay 249
B ~HERS oAt F49 ~HAEHo] Leh
W gt sjgdle £E FHS T e
AL 8ol 2= 9t}

a9 102 A8 MTI 78S 288t A A

2" 254 A A3E Jepdth I8 10

WE @ WAE 24 5§ AUsE PuEF

NE AzEE Lol BelEt YA B F A%

]-]I,

4,
o] ARkt duElgel dHY 4 &=
38.962Im/sE S AL & 4 ok 29 10(b)
T 254 A o]F RoEAY £EE5 vepit
JFlA & 4 9l%o] 39 &£55 Fo|u Aot
B3 £58 A% e ¢ F ok

Measwed vetocrty at1 bursl

Il ’ . i CUI‘I\.‘EI‘IIIUI‘IEI Y
40 Fi e S S A B AR N et
a0l Target velocity
w
E
= 0 e
=
k=]
2
20
-40 + 4
60 | 4
0 50 100 150 200 250 300

Mumber of data sample
(a) 8t HHAE &5
(a) Measured velocity of the target in one burst

Measurement velocity

Velo

Mumber of data sample
() 254 XNz2| o|F £k
(b) Velocity after ambiguity solving
a8l 10, ge(Eol MEE %L HlolH

Fig. 10. Velocity data with proposed algorithm

s, AA Az Al diste MTIE d&3te
A AEd MTL 719 Aqbds vlashy] 9ls

Pl I
of ® 13 o] Aol S4S TAHst 4Y
3ttt

A =74 WS MATLABOA Al 33k tic
tocBTE At ZAsH oM 2000ME ¥HE
TYEF F FPAREE B R

I 1. AlEeo|M 2t
Table 1. Simulation environment

OS Windows 10 x64
CPU Intel i7-6700 @ 34GHz
RAM 8GB

Program MATLAB R2021a
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