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Development of a Pedestrian Navigation System with UHF-band RFID
for the Visually Impaired People and Its Application to an Exhibition
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Abstract: 1t is extremely hard for the visually impaired people to walk strange places because it is very
difficult to know where they are and the direction to move toward the destination. The current navigation
system is not easy to use for them because it is developed for sighted people. Against such a background, we
have developed a pedestrian navigation system for the visually impaired which is based on the high precision
positioning by UHF band RFID and QZSS (Quasi-Zenith Satellite System) called Michibiki. In addition, we
had tried to perform several substantiative experiments with RFID embedded in braille blocks in front of a
station for example. In this paper, the system architecture and its fundamental performance evaluations are
introduced, and the experimental results of substantiative experiments of the system at an indoor exhibition
event are also reported.
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Wa b ECREL 2SS 5173 5720, LREbH
s le S REOFMTOMEBER CHENIEZETLL, /2
WHOLEAGELSMEHITLTVRERE W) HHROEET
bb, L) EERG. BT THS, YRP LEFS
A - Ay M —F 2 TW5EETB L CHARESA ST X
B HE REIE B OBE [2] 12 XL, BNEEM%
BT AMERESNEF S — 3 v OETFERDREE,
1~2m MO EMAAEE LT LEwmMTTnd, F
7o, AR & IBM BURUEREIFZERTIC X D B R ATV E
M FEr— a3y Y A7 AOEFFER 3], 4] 2BV T
b, Lom BEOMEMVREZERL, AT L LTE
FELTWE., INHOFRPCHIZEBEICEAT, EEFLI
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Z ZTARIFFE TR, MEBESVWEDS LI B WIGETT
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BRIy VTR Y S CH->THRET 10m 2
FE O EAE EEEDHEME C & 4. UHF 47 RFID Wi 2 /N5E
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2. BEME

fEk &) RFID Hifli 2 W 721 EES WO 5 ¥
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%72, BLE ¥ — 2 > % W 72 @ WAL 12 D B RE s
WHEFT YT AT LD bITh T [3], [4], [5].
BLE I X 2 FHEEHBEEINTWEAY—= b7+ 2D
Bluetooth i{E HEFE D A THLE WA ATRETH V), fHIZT
INARAZRLEE LR ESKELRETHL. LirL, B
BICHET A2 —a Y IEFESLETH Y, EM2ER
TR EDA YT F VAR ENL, T, —MIZ,
Y— I YHRIZRFID ¥ VLWL CEMTH L. —F
T, Ny 7O RFID ¥ ZI3BFEASAECTH Y, —FEER
BICEHE T NEFARAMICFIATE S, £72, RFID ¥ 7
1720 0ax s HEWETH Y, KED RFID %
RIS ICRRE T A2 2 LW RETH A, LarL, FIIE
& RFID % 7 % 5t A M5 SRR OERPLETH L. R
WZERZ BT 2 Bl &l Fik e LT, LED Bl %z &0
G W72 FE SRR ESEATB Y, HETI,
LED MEBIC X 2 W YGlME 2 7B W& - ¥
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DA AR A e 2 R 13 H % 205, BFREC A~ 7
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HY, ZOL)LMETICHET MK RIIFERTH 5.
B, WEK[1] BV TIET 7714 7R RFID I2 & o T
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WENEEZR © % FE L, UHF % RFID 2Jwb 2L &L
72. RFID # W/ F ¥ A7 20ff5e & LT, AN
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KU AT LADOERERER 1 IR, KRV AT 41, W
JLHIEEN, RFID ) —%, A~— b7+ >, #EHEY
Y, AT - AE=F, Ny FUrSHERENTWE, f
JHIEFARK, RFID V) — %", /Ny 7 I3 L, A~ —
FN74 v, A7 - A=A IIROFMICEE S, -
MHEDAMTI % AL —RXIAT) S EDHEEIC R > TV b,
$72, MEBEISWESAY— 74+ yOMEZRET 52
CIINEETH 720, BilCEEE LMD H B 2 D DOHME
ARY Y DRT, VAT LAEREBET 5. EBEICHEE
WWEPRY AT L&A LT LERTZE 2 IR,

4. RFID 2 J5#MV) (CBET 3 FieEEk

4.1 RFID %7 OFc 4B V) AJEEIEBE D EIE

VAT LSO TR E LT, K4 RO RFID ¥
T OFAIY) TTREHEE IR T 2 e ERE T 72, BNZE
M TiX, RFID % 7 Z BEMC IR GEE S 5 2 & 2 MET
B, F72, —HBICHERESWEZ ST 7Oy JBEET
WEZFDEZBITTHIENS N0, JFETay 7N
123 RFID % 7 #Moht 2 & #8858 5. BIEIZHD 5
N7 RFID # 713 5 LOZFDOMEN T AT LIS
NTBY, ZOEHREL—FDVHET LY — 5D s -
728 T OEHRERS LAbELIET, 2—HFOMELZH
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Fig. 1 A component diagram of the system.
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Fig. 2 An image of the system weared by the user.

L7cas, 270 — MRAT 7Oy ZNERICHEOAA
PEH A O 2D\ TRi A ALY W] e R AE o % S8R % e
L7z, F72, AN OHIZRFID V) — ¥ % 2454,
K25 80 cm Ph E O B CHIARD ASU[RET 2 T Lid 7z
B\, FERBRICEARY WTREZ% S 2 BGEET 5720, AT
fiff7e [12] * 2% 12%& 1 ® RFID ¥ 712 L CROMIE % E
L7z, 72, WE L7 RFID ¥ 7 OWIEZR 3 12RT.
FEARLY FHEEIE Ocm 205 20 cm %A THARLY AT fE
2% % FCHBEAHEL ClE L. $-8Edn0—Eo
¥ 7IZonTIE, EICEBEREIY AT 52 & THARD
WREHBEO AL A MGE L7z, AR AER 4, B 5 IRT. MK
MOHAEL, gL 705 5, HI, HI (iron) (H1 ¥ 7
DTHIZHENAT ¥ L Az i%iE), Hl (aluminum) (H1
¥ 7O THEICHE TV IREZE), S1, H2-2, M4QT,
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#F 1 L7 UHF # RFID ¥ 7 % ®5ET %7200 5 75d
Table 1 UHF-band RFID tag candidates for the system.

¥ 7 ID|A— % Y 7 OME |81 Mk
H1 CONFIDEX [SURVIVOR &g at I E
H2-1 |CONFIDEX |HALO &R =S
H2-2 |CONFIDEX |CARRIER TOUGH| &/@xfit =S
H2-3 |CONFIDEX |CARRIER PRO LRI =S
H2-4 |CONFIDEX |[IRONSIDE SLIM &g at e I
H3 CONFIDEX |[IRONSIDE &gt B
H4 CONFIDEX |[# &gt H
H5 CONFIDEX |[IRONSIDE MICRO| Bt ol

S1 Omni-ID Exo0750 &gt H
M4QT |SMARTRAC|M4QT J— FH Y
1Q600 |Omni-ID 1Q600 H— Rl e
1Q400 |Omni-ID 1Q400 71— FHL 5!
X1 UPM Belt BIE IR I )
X2 AN A () =5 HE) &g IR )

3 ¥ UEEHOIVE
Fig. 3 An image of the RFID tag candidates.

1Q600, TQ600 (iron) (IQ600 ¥ 7O TFTHEIZH WA T » L A
xRl OWERHREBRT 5. ZO#HRPS HLOY
7S AN WA V2 LAV, RIS
L2 FmARY TREHBEO K& R oMoz, Dk
LY, BFETHy s MRS A HE13 HL 05 7 23R
L, 32270 — MRCEBEZET 2581213, ¥ 70Ms
EHELTH— K847 DIQ600 E4RAT 5 2 LA R E

oz,

4.2 HTHPERE L -BERETD RFID 2 J D A#H
VEIE
BATHIZ RFID % 7 % 5t A HLA & L DS RED 2 MRES 5
720, bm MR THRE L3 ODOEAFT7Ta Yy 7O FIZHL ¥
Z%M®, 2km/h, 5km/h, 10km/h OKHEE THITL,
HWET2ETOEY 7OGARY) ML HIE L. X 6
(&, FAATHE T 10 [ OHE L7z & & 0RO
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Fig. 4 Relationship between communication distance and the

success rate when a RFID tag is on concrete ground.
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Fig. 5 Relationship between communication distance and the
success rate when a RFID tag is embedded under a
braille block.
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Fig. 6 Reading number of RFID as a function of walking speed
of the user at 2km/h, 5km/h and 10km/h.

YiEThs.

2km/h & 5km/h TEE Y 7 %467 2 B EGRARS 2
L2 L72—H T, 10km/h TIEFEARY B OFEHE
232 [EZTFEY, 10 EOWEDH) L, —ELET 12087
ZHAMRIELTLE) AL/, L2 L, 10km/h
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XY aFrr3E0msSTH Y, HEEISVEIEE AT
THRELNIEDNPICHECHETH L7720, FHOEOR
Hix v,

5. RFID 27 #{#H LU - E#HTE

5.1 fIEHTEEDEET

BB ICRRE & 72 RFID % 7 ORLED S S 2> LD IERES
LR TE TV BEE, BiANnzy 7O Fl\v i
HEEITH) ZLEDWHETH A, HA SO [13] 12X
X, 50cm METY 72 RIFICHEY FHF72& &, BiAlo
7oy FOMBEORELEHEME T2 HMEOEEHWSE S
& T, RFID ) — ¥ D& % i27 16 cm 75 80 cm DFEEE
THETE LI EPPHEEN TS, 72, EHNOMBTIE
HAEEZHVD ERESENAT L2 LIS Tn 5.

I 7z, OO (14 12X HUE, § L) — ¥ OREDS
HEN S LB ERE (L% RSSIE) A%55< %25 2 & %
LTRSSl & =B % v it Al - 72 4 7D RSSI
fE S ) — ¥ OFE % KD B FiEIZOoOWTHRE S L TWw
b, AWIETIE, pikoRpiEk s, iAo 72 RFID
¥ 7 OfE % RSSIECTEADIFTLTY FOELEZRKD S
RSSI AN & B L% HWT RFID V) — ¥ AL B g E
Bretrosz, 72, (MEMHEEICISFHSINLHA7 1V
& [16] ZHU) ANTZHEDREEIZ O W TH R 217 - 72,
5.1.1 H#SEDEICLIMEHT

WA E IR ARNDL Z ENTELTRTO Y Z DN
EOELEMEME TL2FETHL. 4, KAt ITBIT5
)= ¥ DEDNEE Progger(t), ¥7 i=1{1,2,--- N} ®
% Py, FEG ¢ I2BIT 25 A M) TEORERE a4 & L
el &, )= Y ONEOHEEM P, ., (1) &, BREEICEE
SN NBDOTRTOY TOMNEDENT L o> TROFK
TRDODLND.

1
Pvieader(t) = E'Cl‘t
iU,

{1 (is readed)

0 (otherwise)

Ziai’t * IDZ

where a;

5.1.2 RSSIEAMEELEICLINBHTE
RSSIHIZ—#9, BEHEHIE 221 38/h Lk
L. ERICTFWEREZT-72E2H, WTFhOy 7 TLHRE
BEVZIE U C RSSIMED I & ffERE T & 72, HUME.(ETIE,
AT TRTO Y 7 OMEOFHEE el s LTw
72h%, RSSIEAS—M A IS U CET 5 2 & 27
ML, RSSIMEIC & 2 EAA & B K B ALEHEE %%
FTH. Bt 12BIFA% 7 i D RSSIEE RSSL, & L
7ol &, RSSIEAM EELEICLZ ) — T OMEOHE
P!, pger () RO TRDOENS.
1

P t) = ¢c———F%Hgor Zili Ly x P;
reader( ) Eiai,t " RSSI,J Qit * RSS ¥

© 2017 Information Processing Society of Japan

5.1.3 FWF7 1 IIL2DEA
EBNERE T & 2053 A K, BEOKS (T8

A) OEE%Z\F 4. UHF 7 RFID 3 )& sk ol

BOTRETH ), BNTHHT 2 Lk Dy 7 hsisiiin

Bl b e, BLDY IhGEARNTL T ) Bk

CTLE) [15]. VT NAOREETFHUT 5 2 LIdHE

Th b DENZER CTOMENE ZRATHE, YVFI8A

DEBEPEHTERY, 22T, KF714 V7 E2EMALT

BEAIAESELIEE2EZDL. WTT7ANVIIEESTH

VoL Ial—3a v ilEDL T Yy ABBRIEEETH

D, IRREHEE 2 ZHOK T2 W CREBIICR T HIETH

% [16]. 2 2 TOIREEHEE IZIRREZZM £ TN BRI D&

WCBIHMEIC IS L CHERS i RO7-bDTHSL. NEO

W affio TR T 7408 2dHT 2846, Py(n) 2hT

n O, Py(n) R T n DEALT L. ZORHEORT

TANTDOTNLIT) ZLELTOLI) 5.

1) MEMEDRTE N TOWHOMELRETH. 22T
ETRTOFFADOD SEIL T ONME X ZET 5.
WY OBEMIDIEL 1 LT 5.

(2) EREBOSE [T COMBEHEEEZHVHEE L
7Rl (DIBEEHIE S §2) 26 NERREEHE T 5.
ARETIVTIIEHIE » DFREHIPIZ o & L, FHIMEL
b L2 A (B (1) 2 REMEE T 5.

2
§(@) = —— exp(— ) (1)

(3) LERMBICEICEADEH (2) TRoOZLEEE
DWW THFDOEAZ TR T L. WMTORERMITE
MEEBHEOEAOREE LD (X (2).

Py(n) = f) * Pu(n) (2)

(4) EEBEDEHE TXCONTOERDPHE LT RDT:
WRERAF 74 VT TROLMEEBEE T 5. Figl ¢ 12
BIFHEEHEMIEX 3) L) Ik 5.

1

T Y. Pu(n)

(5) FRRDERK KOIKREHEE D 72O KT D HE M % B IH
LEAD 1O TEERT 5. EAFKEVHTH
S DR TEERT S, 20k ERTOMEEE N
FEZ R, BOR TS FOR T2 ERT 25T
& Pw(n) 1222072l —Ly FEIRIZE > TRD 5.

(6) ROKEDTFA AOBEHZMELIL ZIHHTE
BTrZLexfEL, RORBIEAFDOAT v ThHD
SPHHEEIZEDWTRD B, ¢ AT v TR S DOFY
HEERD, TNETNONTEBESEL. SHTD
BEBOMBE IR (4) 12 Lo TR, FHO(2) ITED
T

M(t) ¥, Py(n) * Py(n) (3)

M(t) — M(t—1t)
t/

(4)
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lan|

7 RFID ¥ 7 %) U722 HO R — §
Fig. 7 An experimental board with RFID tags.

8 MEWMMEROMKT (L BA, TR
Fig. 8 Environment of measurement experiment (top: indoor,

bottom: outdoor).

5.2 {IEH#TEREDIRIIEER
5.2.1 FERIRE

WEHEEREIE 2 MEET 5 720, RERIYIZ RFID ¥ 7 % %
B L7CENEEZERT 5. 7 DL ITHE 30 cem kA,
#t 60 cm [HFE T RFID % 7 # 85 ) 15 72 R — P2 & T 8
B L, MICIERT4AE 960cm & 7% % FERBRIE  ff
L7z, SEMBTIOAT 724 7 oMi%, RFID V) — ¥ %4
WL — a2 —ElECRE S, ZOMENEDREE
ZMEFL72. RFID ) — %1%, 7 ¥ 7+ R — FEFARIC
HhHEHCH—MIEBELZ., R—FEh— FOMEITE
BORNA XY MR ETOFIHEZEEL T 70cm & L
o0 WSEIR Om # A A S 10m HS F T 11 Bl & TFr
Vv, RFID ¥ 7 OF ALY ZAT o 7ofF RIS ED W ThL E I
EOREEZWIL L7, B 8 IIFEBINEET-72L E0E
HTH5.

BN, BAAEnENTOFmIRERO—FIZE 9 IR,
B 9 IZEDREN, AR TOME/HREEZRLTWAS, K
O LEHOFE51E RFID ¥ 7 &R V1372 R — FFEFE2RL
TBY, NoLoFFIFMEMNELZRL TS, O,
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PlisissimiidLLi’ S PIsiliEniisi. d

(8 T T T
o BEEA [l ot

9 FEEREHICBIT S RFID & 7 OFt A0 #H (O @ BN, 4 .
BAY). W EEOFS L RFID & 7 %) 72K — FES %

FL, HEHOFHTITMNEMEZFKT
Fig. 9 Reading results of RFID tags at the real environment
(left: indoor, right: outdoor). Numbers at the top indi-
cate the board ID, and numbers at the left indicate the

measurement position.

160
140
120
100
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b

BfELE
—— RSSI B EELE

7= [cm]

40
20
0 e
0 100 200 300 400 500 600 700 800 900 1000
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10 RABHIICB W CHAE. L L RSSI EAY & ELOETHE
B R AT o 7R OHEE R 2
Fig. 10 Position estimation error on both barycenter method
and RSSI weighted barycenter method at an indoor

environment.

LbmAalng LBy, BAcid, WEhEixd L ks
D RFID ¥ 7 A IERE IS HEA I T L DI L, B
WTIER VT NADRET, BEOY 7 iGiderorzl),
WHDY TGz ) LTWbL I EeENghhb, 2F0, &
ANOPERFERTHL, HHELETD BN EVREED
MEHN AT RECTH 5 2 LTS N D05, ENOERE
RCTRRKELRENPELLEFHINS., KELETIE,
BN OMEERIT L CHEHEED TV T) X8 %w@H L
TAERIZDOWTIRR S,

5.2.2 BHEDEE RSSIEAMFEEDRICEILAE

HEDRER

AT TR L 72 BB C ORI LT, HtiEL
L RSSI AL & ELEAZFIH LT RFID V) — ¥ Of &
T T/ TOBREXR 10 1R T. X 10 (T4 fh2°
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FHAT & CHEHhAS 2 OFHIALE (2 B A AL EHE SRR & 0
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Fig. 11 Comparison of the position estimation error on both

RSSI weighted barycenter method and particle filter.
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Fig. 12 A route modeling example using graph structure (left),
and a direction table for the guidance (right).
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Fig. 13 Layout of the exhibition venue with the installation
positions of RFID tags and the passageway. Numbers

denote the RFID tag IDs.
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Fig. 14 Venue of the demonstration experiments.
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Fig. 15 A participant wearing the system.
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