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Automotive Radar with High-resolution Algorithm
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This paper proposes a novel signal processing technique for automotive radar. This new technique is based on a

multiple signal classification (MUSIC) algorithm, which is a high-resolution algorithm. Introducing a time

averaging and spatial smoothing technique into the MUSIC algorithm was found to improve the azimuth resolution.

This is due to the increase in the effective number of snapshots. We applied this in a real-time millimeter-wave

radar system for estimating target position. Despite a limited number of snapshots, the target recognition

performance was improved. This technique is especially effective when objects in front of the host vehicle are moving

side by side.
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Fig. 1 Collision mitigation system
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*20074F- 1 H11H JEfEsza

—923—



LR T LT ) X888 ATE, 7Y TF
RTEEWS L2BATY, 7HlEEICBE L CBFik%
MW7 peRk & i U TR 2 R et o 5.
ZZTARTIRI VI v o/ - Ko 2 MMEg
X570, GAMET LT ZLD—DTH 5
Mutiple Signal Classification (MUSIC) 7L =Y X 47
T TN B 217 %5 - 7235460 1) L —
ZOUREIZOVTE KT B,

2. Mutiple Signal Classification 77JL 3 1) X' L
TG UNA A N NI s Rl = SN I, e G O VA N U I 15
aZ MEaERSW, BT LT ZLD—DTh
ZMUSICT L TY) X L5 WED ik Fike LT
WMAT B EEAT., ZOETIIMUSICT LT Y
22X BB HIEEC O W CRERUICH T 5. 5,
Fig. 30 k3127 Vv —T7 VYT FDT7TVFFRTHEK,
FhENOT VT FRTIZANTSET =47 ML x
Ur A bR MlwZE,

x:[xlaxza"'axK]H (1)

w=[W19W25"'7w1{]H (2)

LvhE, Tv—7r st 3E e,
P —leR w 3)
out 2 Rey
R_=E[xx] @

THAb6N5, 12U, TIIEFRIBERERE, i3
WRHE, R EHCHBITAEZRT. 5, YV T

Antenna element Weight

Fig. 3 Configuration of receiving antenna

T =T =L Ea— Voll2 No.l 2007

AN (P T2F oy 7y gy PRERSR) &3,
HOMBITAI R 1,

R x,x/! &)

1 N
xx:ﬁi:l
LERTIENTES. MUSICO & 5 &0 REET L
T 2L TEREPRIE AN T VT F DXL AT 5
=%, TLv=7 VT o0 IIENP,, S iIME%E
W5, 20, QAN AESZLIIZT 24 IR
ML w BRETS, 5, VZA XTI LD/
LR, DFD, wiw=1WWIEMENTIMAS &,
@RDBMEIZT VT VY DRERBIEIZE 5T,

R.\'xwi = 7\'iwi (6)

THZ b NBMEAMEEICRETE S, =270, L
R OEFE, widEA~X2 MLAEEKYS, RIFTIL I —
MIBITH B 720, 6)RIEKMEOIEE O E A E & o
ZENHHTES N, &, Th b KO EA %
Ai=12,-KET 2L, Thbid,

A== A, Sh,, = =Ac =00 @)

EWVIBIRAEMZT. AL, GIIMEENEE, L
BEPEE B A RT. 72, 2ho OlAHIZHEY 5
[H~XZ Pk, sHsd 5 BEAOM A0 & 5 Lind,
ZITHEONIZE ST w(i=12,--L)& w(i = L+1,
L2, K253 5, RIEDRBEAE NS b6 Rk &
N3 175 %5 58 22T s E,, BFEDOMEA X2 b
L 5 RERR & D ATH & S iy 22 BT A E, & LT,

E =[w,w,,--,w,] 8)

EN :[wL+l7wL+25"'5wK] (9)

DEITEFKT DL, TI5IE, HWIZEAHZEM %
L,

EE]+EE, =1 (10)

OBR AT, —), F— 22U b xid, AF7
VYR ML a(u)h S AT A, 5
FLs, M2 ML n ZFWT,



S

x=As+n 1
A=[a(y), -, a(u,)] 12
a(p)=[1, e, e Y (13)
ul:aninﬁ, 19
s=[s,, s, 5,1 15)

ERTIENTES, 72720, MIIHRBOWR, 4
F7 YT TRk, s ZEPREOERIREZ £, 5,
@Az ANXERAT S &, HBETHIR X,

R, =ASA"+0’I (16)

ERBTED, L, S = Els s WEESHBETA, 1
BHNATH A ET. 25126)RU16) XA RAT S Z
Lizk-T,

a"(u)yw, =0(@=1,---, Lyi=L+1,-,K) (17)

DOBfREELS ZenTES, ANREATT7Y VX
27 N U ASFIRG ST 1] 2 T 7= 35O L2 35 0 4 22 R L I
THEAN PLEERTEILERBKL TS,
ANADBE R A W TMUSIC Z X2 b ILP, el

a" (Wa(p)
a" (WEEJa(u)

PMUS[C (:u) = 18)

ThHAL6N%.

3. ZETHEEFRFEE

31 RFvFyav b

(18)A. T/ L 72MUSIC Z X & b LIS 7= 507 55 it
MHEAERDEDD, ZOEGREREESE 57201213
GRFDZF TV 5y FBNBHIIRENREDL B
5. Fig. 4122 F v T v gy MREZBILEEZLED
MUSICZAXZ PLDZA LE Y I 2 b — b LR E
ANY. 722U, BN (), M IE X b
LA (dB) 27wy b U7z 72, 2FRIEENE—
DEREL, ThEZIhOEKAGMNAE0° &£ 2° Hrk
L7z, 2F 97V a3y bEBEL X abI1ZE, 7
N REERF EL, 2w 7Y gy MEAI5HEILL LS
KHERCDT, IRELZ0° & 2° HROERFEEN

Spectral intensity (dB)

True.direct_ionsl | .
2

Angle (°)

15 -10 -5 0 5 10 15

Fig. 4 MUSIC spectra with varying total number of snapshots (N)
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Fig. 5 MUSIC spectra with proposed and conventional method
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Fig. 7 MUSIC spectra when the Vehicle 1 and
Vehicle 2 are moving side by side
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Fig. 8 Target recognition results when the Vehicle 2
is passing the Vehicle 1
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