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Abstract

This paper introduces a novel direction-of-arrival (DoA) technique based on phase differences of electromagnetic waves.
In detail, design and implementation issues for the DoA directional sensing are described, towards providing an efficient
solution to mobile robot target tracking for various applications. What is the most important aspect from the practical point
of view is how to realize accurate measurements of the bearing from an electromagnetic spot source. For the purpose, a
DoA estimation model is proposed using a minimum number of antennas. Another focus lies in the implementation
of an in-house DoA detection prototype considering the simplicity and generality of hardware configurations. This
paper explains details of a purpose-built, cost-efficient solution ranging from the estimation model design to its hardware
implementation suitable for autonomous robot navigation. Experimental results show that the proposed method for the
DoA estimation and its hardware prototype can be considered quite satisfactory in an indoor environment.
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BEIORY MIAWSNDAERE Y AT LE, KE K SRERRIZE DWW THTI S U <&, Fx R EERED W
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JERLRZ WD HIE LTI, A AT el v B2, L—FL Y7 71 VX, JERE 5, kMR v
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%, —HOFREZE U THIE T 2 HPTE 5. EAEREAR I, RIHPEREDO 2T ICBURTH 2 HARED 1
DTH 5. B L BRAIFEHT2ENTE, RRABHRIZHOONTVWS. LR LARVS, IN6Dk T
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fiiofle LT, 2555 (RSS)(Malajner, et al., 2012)(Menegatti, et al., 20@4¥E /57 (DoA)(Viciana-Abad, et
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sp RO py MO dist(pi, pj) £ UTRE NS, BAKIIZ dist(pat, pa2) 13,d & LTEHS N, IFYITE>T2
FERINDE ISP OT VT ARG A ~NDEMEZEZ 2 G5 er(t) K ex(t) IXFA—EIKIFE S5 DEET
HEM, 7T FHEOEEEIZL > T, K1-0)D&LSIZet) & ex(t) MITENIEL L. ZOBNIPNAHETH D,
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Fig. 1 Definitions and notations for a DoA approximation model

IR T EAR T B 5 2%, EBRIZIIAFAIE LR\, RS E S O B HRIE L , EREFPEL R 554, EBOK
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AT AENTELIHLZERT. 512, BT IR TEN— R o T3S Z Y 7TVic U, B2 b m< L,
EBMOF—XELUT, AEE2HEETCELZHEPEFELVWEEZIOSNS.
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dist(pat, Ps) = [PaPs| = v/ (Xa1 — Xs)2 + (Yar — ¥s)?

: - | = 2 2 @)
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Fig. 2 Geometric analogy between a hyperbola and estimation model
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12, XN (B) DT psld, CIRABRATRINT WS 720, ERDGEHRPFIET 5. 2 2T, Z kKR LD ps 2372
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o Ya
A ®)
BB X &y DERRIZEDE, R (8) 13 par = (Xa1,0) K paz = (—Xa1,0) D 2 DD E FFOMIIRTEE

BEMND D, — R, AR ps THZ 5D 2 DDHEME TOHMD 2D 2/xa | 125 L 725 & 5 72 OB
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Fig. 3 Geometric relations betwegnandd, according tad
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Frokid Biomidxg z dIcESHX /(92— (%22 L, R A0) I FRORLSIARB.

2
2_d2
/(%)2_(%)2 \/d?%—dz

Z2Td> de DT, BRI (11) B AFHERIE S L E LCEHRT S, 72, Al n 1E FRD X 5 1287
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23 FMETIVER

T IBEETVORMEZRT 5.1 2012, R (13) TOWHRAARIZ 0* 2 @A EMRTH 2030 1L de ITHKFT 5.
SV Z UL, BOEARIE de DEALIZRES T n BEALL, D DRIRKNCHE T 2 HNTRETH 2 HE2EIRT 5.2
DHIZ, @ DHERE UT (R (3) HD o = 30e), 1E & A L OBAFDOFIETIRAMAEDE L <, A2 30dcosy
CEBIND. BEORY DR AZEEBTDE @& o MOMEIMRERUORIRICHEL X 5HIIRS. &
D BIRZE N DI, R (1) IEBWVT,0 D0 FEIZA D de D0 IEDL HIE SAHOEDMBIZHS5FHE2RLTBY, 2
VIS SN SHH DL VWS HTH S, 20 01k, BEa Ry b O ERE L oMk 72 ik % R 5
DL, BRZ IR R AT NOIERITHELD. T 512 de & n DFREK I TRT &, WEDKMTIHMEZ A —ETH 5 A,
ZOXMZBMED L D & n ORBEDY—ETIERVEIHERTE 2. ZNIFFRAVPKEL R d & de DRI DR
{70, X (1) DM 0ITED L 720AaBIZ 2T 2720 Th 5.3 0HIZ, R (11) TiE 6 BELEI KN 25
MTERWV. ZNIEFA KO Z2HTET7 VT FTVABPRONT VWSO THE. REXL LTIET VT FH
EHPTETHD. ULPULAENVS, TV T FEBEMT2HICX0, BT Ry b AFET BT, B R FFEEH
BHEZ 2B RESCTIE, 7Y T BB 2 BN 2 R0 012, BUNBO T VT F 2 W72 70 s &4
T CIEE 0 DHERTTREE T 5. 70 b XA TOFEMILBANIL, 5 3= T175.
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ZOETIH, BESINZHHE TV (R QD)) IZE D W ER B G HER 7o s 21 TOEMEIZOWTEHAT 5.
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Fig. 4 Details on DoA detection prototype
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Fig. 5 DoA detection prototype mounted on a mobile robot
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Fig. 6 Operating test results for the DoA detection prototype
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Fig. 8 Path tracking experiments for the mobile robot equipped with the DoA detection prototype
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