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Abstract

Frequency-division multiplexing(FDM) has the advantage of transmission signals that can be separated without interference for
multiple-input and multiple-output(MIMO) radar processing. However, we propose the use of code division multiplexing because the
additional phase terms from the frequency gap for signal separation affect the angle estimation performance. We assume that the
monostatic MIMO radar uses an orthogonal frequency-division multiplexing waveform for a vehicle and propose assigning one chip
for each sub-carrier. In our simulations, we present a range-Doppler map result and comparison with the root mean square error for
angle estimation.
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Table 1. Simulation parameters.

Parameter Value
Carrier frequency f, 77 GHz
Sub-carrier gap A f 1 MHz
The number of sub-carriers NV 512
Bandwidth B 512 MHz
Pulse width S 1.5 us
Pulse repetition interval 7, 15 us
The number of pulses P 64
The number of bits of LFSR N, 15
Antenna space d /2
The number of transmit antennas /V, 3
The number of receive antennas /Vj, 4
Range resolution AR 0.29 m
Unambiguous range region 7, 150 m
Relative velocity resolution Aw, 2.03 m/s
Unambiguous relative velocity region v, ,, | —64.94~62.91 m/s
Range of targets [10, 11, 12] m
Relative velocity of targets [2, 0, —2] m/s
Angle of targets [45, —60, 75]°

432

o} Qo2 Ao} Zo|7}k 2¥o] e Bgth ¢

T3k NP

A9
] Zho] 298] AGAlr EolEE whE 2]l H3K(fast Fourier

radial velocity [m/s]
A o
|

6 8 10 12 14 16
range [m]

(2) FDM<= AHE-3 23}
(a) The result of FDM

radial velocity [m/s]
\ o
|

-6

6 8 10 12 14 16
range [m]

(b) BAPlT FES WHEE CDM

0.9
0.8
0.7
06
0.5
0.4
0.3
0.2

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

(b) CDM assigning one code each pulse

6

4

radial velocity [m/s]
\ o
|

6 8 0 12 14 16
range [m]

(c) & "o & FTF <1713 CDM
(c) CDM assigning one code to whole pulses

a8 7. Ag-=E8 4 vl

Fig. 7. Comparison of range-Doppler maps.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1



transform: FFT)S 53l Ag-E2Z8 A4S & F Atk
1Y 78 An-sEy 94 A3E vehiw, 422
FDME A& W4, CDME AHE-3ls sfite] d2o) &)
o] FTE ol7)ety whEsk H]—/;] nxjgto g RE 9
2o sl FTE <ytslt Wl ALs Aot}
MIMO #lo|tho] B2 & NN, 7] €] ﬂﬂweﬁi OWOl
FAEH, ddd= A HA F4
FAMEHUZ AGH 25 E &
Atk 2 A5 Al o A ](s1gna1 to-noise ratio:
SNR)«= 10 dBE 714 5t3ith FDME & 7F 3k rﬂOﬂoﬂ
A ehs] EelEoy 7HE] el BE Alsel
ogk 7Hgol Yloe B wiAe] a0l UEA] 15—3— A
S go1g 4 Stk SNRE 10 dBE ZoB g ZAA9
WAoo o3k of sk 7t} 1L CDM°
A Aol M AR mhel 7o) B Al 9
Ho] vl Ze]7] wel Lol whet F, Al WA &
FAE A5l o3 7t HrpHew
AL & F Qlrk 3, FEvith A4S vk
A2 19 6914 ol e nie} o] A Ho =t
A fatar, 71 gtol o A vEbd AE gl
s

K

Of

T g2 sl FEE Q7L
7H o] EA AN 1
Fo o] A7 Uehgth wheb, B =R A A A shs

FAe) PHS 443

rg
o
kg

7% 82 SNRe| 0 dBY W, 3 WA EHo) t& 2
%4 235 Yepdth o7|M % FDME AES
CDM= AR & BA(RE 2o she] ZES 28)°)
AHE AAFEeH, 02 A S DFTE 33 A,
NE MY SHE AHEE A, AdeE Mg $EE A

Rl e
&3 #4 A3E v w3tk FDME AL S w7

2|7t $1%4 Aol 2otHE = %’5‘] DFTZ #33=
% (side-lobe) ¢l 717} THE %Oﬂ Hlg) 2 A2 &
T Sith ¥, MLES AHEehd 0] Sol=e AS &
g 4 Ytk C(DME °]&3d -‘11"1]"1 PRE7RA 2
DFTE AR A= F]io] AT MLES AH:SF 2
4o 2717k Ak 949 SAE T 4k 4

452 o) 5190 18 9% AN,

& MIMO-OFDM #lelthe] Agl-E28 9484 2 4% 54

***** DFT after zero-padding
0.9 F{— — — ML (typical array response)
ML (proposed array response)

Normalized magnitude
o o o o o o
N w ks (%] o ~
T T T T T

o

@ w0 4 2 o 2
Angle [9]
(a) FDM= AR 34

(a) FDM is used

o

77777 DFT after zero-padding
0.9 H— — — ML (typical array response)
ML (proposed array response)

0.8

0.7

06

05

Normalized magnitude

-80 -60 -40 -20 0
Angle [9]

(b) CDM& AHg-3E 34

(b) CDM is used
a8 8 A WA 2R U 4E #7323
Fig. 8. Angle estimation result for the first target.

a9 9: 1% 8 Fhg e zoluk. 457} A E
A o) zbold], FDMS AFL3H wha) e A Hpy UPr 500
Tl ¥ A7F g Ee] a7 A vebeE
z,: 011:]— o= 1w 23351y 9= R R, 7LJ,} Aﬂ_
Ry7r) 9] Aol 7} 2
s 02‘27171 W%O]E}. %ﬂ U ol A AlQketE
S QA7} 1Y 2
% it CDME A}&f& Azl Ak W
o =

061-

E’EmgF

o] = o)M= 33 X7} 2o n, MLE

o]
4 A FHe| Zo] § AA Yehstth AIts
o] 4500 7}& 7}7ko] WA} AHE AL o

433



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 5, May. 2020.

I DFT after zero-padding a \, \

|| — — — ML (typical array response) :

ML (proposed array response)
K 7

o

©

>
T

Normalized magnitude
o
[{e
w

// \

093

0.92

0.91 / /

0.9 L s L L L L | )

46 47 48 49 50 51 52 53 5¢
Angle [4]
o) -
() EDME AHEE 34
(a) FDM is used
1 TS
NN
0.9998 [~ O
''''' DFT after zero-padding N

0.9996 [[— — — ML (typical array response) N
I ML (proposed array response) | / \‘
S 09994 - ;
c
& 0.9992
£ /
8 0.999 - /
i
£ 09988 / ‘
S / /
< 0.9986 / / \

0.9984 - // / /

0.9982 - /

I Y, P L L L L

0.998 ! !
445 446 447 448 449 45 451 452 453 454 45%
Angle []

(b) CDM= A3k 44

(b) CDM is used
J8 9. A WA 240 i3 4= F4 A3(E)
Fig. 9. Angle estimation result for the first target(magnified).
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Fig. 10. Comparison of RMSE of angle estimation with
various methods.
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