(BAfrERS) I VKL —HICL B A0 - S SRHEMOMEFERE

SURLV—HICKD AL - ESEREEITORFRRF
Research and Development of Azimuth-Height Detection
Technology by Array-Extended Millimeter-Wave Radar
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Abstract

Research and development for autonomous driving of industrial vehicles (small mobilities) is being advanced for work
support or automation, for countermeasures against the population decline of workers engaged in industries such as
agriculture and construction. Millimeter-wave radar with excellent resolution is expected to be used for surrounding
environment recognition to realize work support or automation; however, the inability of detecting height information
obstructs expanding its potential application. In a work site where uneven ground and structures exist, reflected radar
signals (signals, hereafter) arrive not only from the front but also from the ground or overhead reflectors which are
impossible to be distinguished by conventional radar; therefore, detecting height information is hopeful to solve the problem
by distinguishing those signals arriving from different heights. Similar to azimuth detection with a horizontal array of
antennas, elevation detection can be realized by a vertical array of antennas. For detecting both azimuth and elevation with
practical angular resolution, antennas should be arranged in a two-dimensional array consisting of more than 100 antenna
elements. Against such unrealistic requirements, JRC Mobility (JRCM, hereafter) has developed an antenna array extension
technology to synthesize a two-dimensional antenna array consisting of more than 100 elements, from only three
transmitting antennas and six receiving antennas. As a result, JRCM has achieved 1.0° of angular accuracy for both azimuth
and elevation which is sufficient for practical use. Enabling three-dimensional sensing, the novel technology of millimeter-
wave radar is expected to expand the applications for farms, factories, offices, etc.
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Principle of angle detection by radar
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Fig.2 Virtual antenna synthesis by MIMO technology
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Fig.3 Concept of virtual array synthesis based on the
phase difference of received signals

K3OBITIL, 3HRTFOFELET ¥ T T OTHZTFORET »
FFEERLTWAED, LRoFHEIcBwTid, EET ~
FFOH (ETH) PEVIEIEBVIERESHGETE 5,
BARBCIE, IRBICESNAET ¥ 7 F 0B, EFE
TYTTEOTETH L, RBIIBWTIEIETOELET v
THICEVIRTORET > T F R SN DA, EHL
FEICRESNET ¥ T FO0FET 5720, THFORET
YTFFDEEENT VA ERLTIENTE 5,

VDT LA SRR IE, MIMOL — ¥ A L 72 R A8
TUTFEEET VT FELTHY) ZEICEY, KHEL
TVLAT YT TOREETREE T S, SETORET V77
E6EFDOZET VT FHOMIMOL — #HilTIC & ) Bk &
NIAEBT 7 FIZ18EFTH b, CNHDRET > 7 F
Mo T VAR L DR S NARET VAT v 7
DHETHIX, MATIS = 324FT- L % b, EEIZIX, T 1
Fao—7oiExr HE LT, —#HoEE7 7 FofE
NEETLIIRELTCVL0, M LT v T+
MEESE 7 FRRICET 2 2 2 1d 2 vas, MIMOL — ¥ # i
ET LA PRI OIS L V100K T2 M2 2T v 7
FEEET S ENWMEETH 5o HERTO [T > 7 F D2
WILEA ] IS X DR SN BT LA 7 7 FIcx LT,
KEBLUOEREOH AN T A VI NE—L T 53— 07
(DBF) ##M T A LX) Hfimemmzmtits, =
DERELT, EETIIEHTORET v 7FBLU6ET
DZET YT FICEY, M ERNT 201208
2100% B2 A EMRET v T TR TE L, TOFEET
YT FoORIE, UHEOREBEHL - OT LTI EB
BUARHBEETHY, )W OBEN 2RI LD
Tt s & OB % £ 5.

3. 7L AHERL — X DEZE

BEab L7z B O &, g eMarmiitslL—%
(LIBe, 7L AHBRL—%) %#B% L. 22Tk, %L
727 VAR LY — S ORE &S BIZ O W TEHHT 5,

(BAfrERS) I VKL —HICL B A0 - S SRHEMOMEFERE

3.1 TLAHEKRL — 2 D%

RIELT L AR L — ¥ OV %2 K412, F 72T
RUIRT, MELAL =5, 3HRTORET Y7546
EZT0OZET T EHA, MIMOL — il & 7 L A ¥k
R O L VAT v T F AT 5. JEE 13005
T EBZ BT 7 FPERTE B, oL L7 KE7 ~
T FHB0FEF R L X IR EEN TV S,
COH b, IXUOKT FICEE S N A121F T oA T »
7 %#DBFIZfEH L, HfifA L ifmzimti+ s,

X4 T7LAHRL—S5E (EHEE)
Fig.4 Array extension radar (prototype)
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