BEEHSRITAF /UL —5

3D-Scan Millimeter-Wave Radar for Automotive Application
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We have developed an innovative automotive millimeter-wave radar with a simple architecture that provides
3D-Scan which is capable of covering and detecting range direction, azimuth direction and elevation direction.
This leading-edge radar has been realized by SiGe Multi Channel Transceiver, uniquely-arranged Sector Antenna
and sophisticated and advanced signal process technology (technology co-developed with FUJITSU
LABORATORIES LTD.). This paper will highlight consideration of detection area which must be covered, and
principle and architecture of the 3D-Scan. It will also explain the principle of direction of arrival operation in
which the direction of the detected target is calculated by use of phase difference between a transmitted signal and a
received signal at the radar. Moreover, it will show that our proposed method achieves 3D-Scan, based on our sim-
ulated results and the results of the mounted sensor performance in the real world test. Introduced 3D-Scan Radar
will provide solutions for its simpler installation to a vehicle, and for more promised detection of the objects exist-
ing in elevation region both down below and up above and fallen objects.




E1ET /## Vol.30 No.l

(1) BUDIC )

HEYHEH I VL — ¥ ORISR E D & — BB~ & 35
WY ERETHE, 20 FFUF20134F RN TR AT
#HAL X h 5 KM H 0 ®OAEBS (Autonomous
Emergency Braking System) ##Z#I2, X545 3I 1)k
V=GOS TH L, SOHBEOIA) D
B, IRV =S LT & Me, IRk, B
fEREALZ: EOPERD S OERITIN A, #ERFFICBIF 5 ¥ —
LG hEOMFEL. LR E TWORA. Ty s
BV TIEEEYREIEICBIT 2 E— 20 XL ORIEL
EW7- RO ERPHTE TV A, TNHDOERITISZ
%7211, RO & ARE T LDO2RITA F v >~
Wz, BEGMORNTE 2EEZ AT H3IKTCAF v
YLV OBBIPUETH D, WEFMOBM A H =X 4
& Y. ETHOBMICOHHET A 2 L b EHEIC A
Fry LEHATELZ AN TRITINER S 20w, FFIZ, 2
A NS, FERD2KRTEA F ¥ v L—F" Y & KiEICH
HALT 52 L%, 3RICAFY VL= 2B LT
X7 5w,

(2) RAT U7 Dt )

SRICAF v v b—F TRE LML) 7% BRIIR
Fo FFRFETFMNS D TIE, 55 0 13 A R e i e
50mEMATEL LI — L&) 7 By —
2) \ HHREENE A — 7R50m % fHE L 22FOV = 45deg®
T T ERHN= (LA —2) L. ik seansc
KEFMEE 2T 9. Wb w HMMR (Multi-Mode
Radar) & L7z. WICHEE FIIZDW T, PCS (Pre-Crash
Safety) I fHIRIC A - T < % LIy Mm% T W o I
AW EZHNE LCRBHC -2 L hiHIE—2%
fii > 72 WG A 7 5KV )L £ 9deg itk (K1offkiy L
7o) CHmEHIHEEIT ). . ZOHMPHITIEE )
M TE UL, ©— AT O EILR € — A fliifiE
WZHHTE %,

60

I
S

N
=3

Lateral distance (m)
¢ 8

IS
S

&
3

Range (m)

20
10

E
=
_— /
£ o
2 -10 50 100 5 00 250

<20 Range (m)

1 SRTAFX+ L —4OBERMI)T
Fig.1 Considered Detection Area for 3D-Scan Radar
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Fig.2 Calculation Image for Each Element by 3D-Scan Radar
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Fig.3 Image of 2D-Scan Radar Detection
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Fig.4 Image of 2D-Scan Radar Azimuth DoA"" Operation Using Phase Difference
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Fig.5 Image of 3D-Scan Radar Detection
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Fig.6 Image of 3D-Scan Radar Elevation DoA Operation Using Phase Difference

SOUBEEERAVEEAMLOEHA X —Y

YTal-vasER = )

EROBEBIRMA2HE LY I 2 —Ya VEEREZDT

\ZRT

R TR RN £ B L Ot fr i 2 e
(R7) L72Boe7 v elfk L, a7z EEm s 1m

o7 T FiRatE

RI8IZ/RT . F72. BAFEL 723IC A

Xy v FETORBRREEY I 2L —Ya VLR RERR
UIRT,

74

®\.

2% range (m)

height
4.5m (m)

80m 50m

2 5m
lateral distance (m)

X7 YIabL—Y3> EFI
Fig.7 Simulation Model
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Fig.8 Elevation Beam Pattern

% (1) DoA: Direction of Arrival
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Fig.9 Simulated Result
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Fig.10 Mounted Sensor Performance Result in real world test
(Detection of Forward Vehicle)
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Fig.11 Mounted Sensor Performance Result in real world test
(Detection of Passing Vehicle in adjacent lane)
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Fig.12 Mounted Sensor Performance Result in real world test
[Detection of Up-above Object (Traffic Sign)]
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Fig.13 3D-Scan Radar
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