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Proposal of Platform-Oriented Pedestrian WYSIWYAS Navigation System
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Fig.1 EUPIT-based system architecture of pedes-
trian navigation systems.
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Fig.2 An image of M-CubITS pedestrian WYSI-
WYAS navigation systems.
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(1) : =¥ v ¥ ; Evolutional Ubiquitous Platform for I'TS.
(71:2) : =4 ¥ 2—¥E v ;M-sequence Multimodal Markers for ITS;
M-Cubed for ITS.

(3) : 744717 A; What You See Is What You Are Suggested.
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Fig.3 Positioning situation using GPS.
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Table 1 Positioning infrastructure taxonomy [16].
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Navigation (Appl.)
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Fig.4 System architecture of the platform-oriented
pedestrian WYSIWYAS navigation system.
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Fig.5 Examples using carpet-tiles in Centrair.
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Table 3 Carpet-tiles used in this paper.

Color Manufacturer Model No.
Red Watanabe Industry Co., Ltd. CR-711
Orange | Watanabe Industry Co., Ltd. CR-710
Yellow Sangetsu Co., Ltd. NT-365
Green TOLI Corporation HC-14
Blue TOLI Corporation HC-09
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Baseline
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(a) NEF71A) (b) i J51A)

6 54 NVH—~y bEHWE M-CublTS £T- 0K
T
Fig.6 Direction information of M-CubITS elements
using carpet-tiles.

F4 MAFIOLEy MERERHAT 272005 4 V71—
Ny b OBOMEE
Table 4 Color combinations of carpet-tiles for
putting bit information of M-sequence.

Center \ Right | Red Yellow Green Blue
Red 0000 0001 0010 0011
Yellow 0100 0101 0110 0111
Green 1000 1001 1010 1011
Blue 1100 1101 1110 1111
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ZANH =Xy b FHV M-CubITS I & 58V
YA VTN T VAT A EET A 729, Microsoft
Visual C# 2005 TV 7 b7 = 7 %S L, Hlion
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FRH 131 TTEFE) P ESNTBY, TOAXTFT
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Fig.7 Layout example of M-CubITS elements using
carpet-tiles.
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SMU LT 52 L TH 1km OH 25 L —F O
BEHmE —BIET LA I LPRETH L. &b,
M RYIDEFIZHVSE Y7 b LY A5 OERIZ,
EREZT) ) 7TOESIE L CHEEETRETH
% [25], [26].

3.3 ARXBEICLZIRS P aZ IV TIXT

L [26], [27]

3.3.1 WHUGEEC L AERE R

2. Tifi7z &5 ICHTHDGEE T, DR ERKY
bk E SN A EEHRE THDEZERTE L Tl
FEEATH . AT, THDLEE % 8.2 T/
M-CubITS I2&4bEAtZ ETEY Y a v ry 7Y
AT e LTHHT 5. EERIE, TR EKD
BEHITIIE ST 5 M RO T v 75 % %
FHEP»SRET 5. THOLERE TRET A MEEHRD
BlaX 8 \IRY. HifEHiE, THOEAEREYRET
BEANCEEYST 5 M R ONE 1A % w745 56415 4%
SRETAH., ZokE, oI X - TTHEZ
FBROMVWT VL AN —BICEE L7720, T—HD
MWTWa e LTHET LI EPHETHL. W
BUGEAE THEE T 2 HEROTURHI & 24157 % Ji1A
THEROE Y B TH 9 1TRT.

3.3.2 WHNEEICIARY Y aZ v T YA

T L DFESE

THEBEICELEY Y a v I TV AT L %K
#2720, THIEID ¥ A5 4 (JEITA CP-1222)
CHERL L 72 TG R B R OB 2 E R & ME 3L L
7o EID VAT LAOBBEMEE K 5 1RT. T
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Trans. info. :685; Trans. info. :697
e ( ) & ( )

/1N /1N

Chip number of M-seq.® No.690 No.695 No.700 No.705
8 WAL B B ALE RO THBI

Fig.8 Examples of location information gathering

on VLC.
VLC transmitter
Trans. Info. :4; ransmitter
é 0 ) (Trans. Info. :0) // \\
/AN ﬁ
S
| | | | 5 R i’

L] | | i || -
Fovens om0 X4 — icrerie | ()TN
(Trans. Info. :12)
(a) (b)

9 WHLLEE 2B A RIEHROBUSE & TIERD
EEE

Fig.9 Examples of direction information gathering
on VLC and direction number.

#£5 WHEID ¥ A5 L OBREE
Table 5 Specification of VLC ID systems.

Data rate 4.8 kbps
Transmission scheme | SC-4PPM
Subcarrier frequency | 28.8 kHz
Frame length 512 bit

(a) LED MEHIAE! (b) 25 &L
10 WHDGEER
Fig.10 VLC transmitters.

Bob% A, LED BHAE (X 10(a), Z@ERE5
R (010 (b)) 2R L7z, W2 E®E, 7+
MFAF = FTHR LB EIa— VR ERL,
W-ZERO3[es] 12 USB 7 — 7V CHfi L CHM T 5
(1 11).
3.4 %17#% WYSIWYAS yES¥—>3>07
T =32 [20]

K7 TV r—3a BT HMBEOHNE X 12 12
RY. F72, Microsoft Visual C# 2005 THI%E L 72
FEFr— a3 I T NI TDODLI—A T T —A
%M 13 1R

TIV =Y arypPRGTEE, T-FICHWHO
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VLC receiver USB cable

8

W-ZERO3[es]

11 WHDESZE#HK L W-ZERO3(es]
Fig.11 VLC receiver and W-ZERO3(es].

Application START

i Selecting destination

\ 4

E Getting information from i
i _positioning subsystems i

i Route searching

¥

Arrow displaying -

H
i
( Application END ) i Behavior of device !

K12 77V —3 a3 ilBFaHEOEN

Fig. 12 Processing flow on the application.

(1) Restaurant |
@ | Japanese food f]
M-CubITS
Visible Light
Comm.

Last 10 meters to your DEST.
Ma_inl Mgr | Log |

13 FE5—2arv 7 70— A I Tr—A

Fig. 13 User interface of navigation software.

BIRA KDL, 2ZTIE, ZODYAMEY 7 ZA%F|

LT, —2HDOYAXA MRy 7 ATHWNHO S 7T

Y aBIRL728, —2HOY A MRy 7 A THIHO
LHEEIRT S, RIS, RV amv I TV AT L
(AFH L TIE M-CublITS ¥ 723 #6EE) 2»51—
YOME L HMOEREIET L. 20%, 2—F0
HAE# 2 S HiH T 2 HR T Dijkstra i [28] 12
LB RERBER LTV, BERERICESVTHE 14
D LY I —FORELHERFMERFL LTI —FD
T LR R G EICESL, 2-FIRTA. B
2, MEERE L CHWE COBRER T F A b
WTHERT 5.

(a) M-CubITS

(b) WG
14 77— a v i2BF B ENBEROILRG

Fig. 14 Navigation examples on the application.

3.5 REYIXTFTLDEH

REVAT LIE, MERCEDIL ORI, fLEF
EHMEHRD 7 + —~ v+, HMI (Human-Machine
Interface), 77— ¥ N— A& L@k 56Z LT, »§
NOXEY L a=v 747y 2525 (M-CubITS, Wl
JfE) FHVTHRBOFESr - 3 ViEREE D
ZENTEDL, T, RO am vy I T ATLD
RAT VL= arvEEBLLETTy bER—LAfBROY
AFHET—FF 7 FxTHb70, M-CublTS 21
BOEEME & ARk, 22— ONE & 5 OG-S IERE
WCHUS T E A MEHETETHIUL, REZATLO
RO am v YTV AT AL LTRSICHARL Z
EWTRET, ENLES T r— 3 Y OEEIZE
AL, B, EVATLATE S IT R
R=ZADKRIa=r T TV AT LT W5h7
O, GPS % EOBEPAHF LT BN ED
OENTH Y=LV ABEREESTL, BHERE
BMTLIENTED, B, SRRHLE 2EED
RO am VYT VATLIMAT, HE3-6HE4L4D
YT a7 Y AT LAOBIMOME, KU, Z
NOEDRY a7 TV AT 05H0WsZ EICL
LM - AEOFTMIE S HOMEL T 5.

4. §F i = B

4.1 EBRBE
BREIATFLAOHBTEFEr - a P ATFHEL
TOEMMERTEIRT 5720, WO THn KEFEER
Bk coBE % HE L aHMEERZITH. 2 2 Tl,
I — ARG ER S TERR OB B T & % 785
LTBY, 2—FDOMEILGPS R EDAR—-AN—
ARENANVHEWF - B LAN ZEOT7F LA T
VN — ZDNEHFEFEICL o TRINICHEYVATH
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Table 6 Numbers of carpet-tiles and VLC Tx.

Outdoor Indoor Total
(near bldgs) Bldg.1 Bldg.2
Carpet-tile 0 210 450 660
VLC Tx
(LED light) 5 2 4 11
(Traffic light) 0 1 0

KA F TP & KB ER AR R T, FE
FIN O 2 FEO YN B O % 25 fEiFTaE L
72, EBRT) T ORI, H500m THo7zlEnb,
1EBEDY 7 ML YR DLAERSN LR 2047 O
M R %E w7, EBETHERH LAY AV -y bO
MR OTHIEREROGHER 6 \IIRT. £/, ¥
ANTr =y P ROTHDLEE O R ESPT % X 15
WRT. ATHDERERIEERT ) T ORI OEY N
DI T OFERPRBEI I FEE L, &4V h—~_y M
PN OB > T 7T~15m § 2k L TERE L 7.
PeERE S, 1AL NDOITE = T IlREkT &, o,
BALEBR D NHEMHRT 2L 0 BLE»S 1040
BB H A2 W RICER AT o 72, HEEE 10 5ORMEY
£ TIIRT.

4.2 EBRAE

KB ER A TEMN T HH O ZFRD A0S 5 T
WBIRMT, EEDOENWL TRHH oMM % &% v
PN, REVAT LOATHWHIZERETE % 25
FTA701, EBRTY) 7THNICEE L 25 GO HW
oG, FEERF AN TS Z &2 3 T
DHBHERE L, £OEMEPIEIRIRT S, 2
DL E, BWEENESDICBETS N~ 5 Vol
(RF = MbsE2» S REHH E TOREIEEE) 1203
IEFRICIC 2 K9 IR 5. HERE L, REV AT
LR FWTIRE SN/ 3 EETo Hiih 2 12K D,
HZHHANOFEOT B 2T 5. T2, BHYHIC
FETEWE, Hiyh3E)E F CICE L 2REH & fiék
T5. EBE, Trr—MERICKEZ LY T4
i AAT S . EERR, BEERE ALY TN 21
L TAT o 723884, Hc2 Mg R O kR, 7514 2
MICE 7 LTETHREFEL TV A,

B, REEMERL, KODOF 7 1 AT, PBE - %E
B A b TR DA OBEEY A L Wik
WCHEM L7z, AR, BA L EORTH R E
V72 AT LT, Bl DRV L 278
LRMAT 2 EDLITLIED 225, RET AT 2030
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@ Destination
VLC Tx (LED light)
VLC Tx (Traffic light)

N Carpet-tile

Starting point

(a) Bt
.|T
5m 5m F
| -
(b)Bldg.1-1F (c)Bldg.2-1F

SR

5m

2.

5m

22

(d)Bldg.1-2F

(e)Bldg.2-2F

15 ZANVH—~y b EMHEEERORE

#£ 7 BERE 10 HOEME
Table 7 Attributes of ten participants.

Questions Choices Total
Gender Male 9
Female 1
Age 2029 5
30-39 0
40-49 4
50-59 1
Do you use mobile Yes 9
phones 7 No 1
Phone 7
‘What service do you Mail 8
use mainly 7 Web 5
(Check all that apply.) Camera 2
Navigation 0

Fig. 15 Arrangement of carpet-tiles and VLC Tx.
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BOEE (XA NVH—y b, TG 2RI
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H—=Xy "DEFELTH D LD AT (B 2E
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THHTA L 2MELTWA,

4.3 ERBERRUER

4.3.1 {riEfEE =

L, WEREPRE S AT AR LB, &
R a7y A7 A TIE LW RS R
W TE& 7286 (MERERIE) 1220V TEHliZ 1T
I WEVATAIBWT, &RV Va7
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BEOFHIIZAT ). BARMICIX, KV v a=rr ¥y 7y
AT AN L7 M RO F v THK5 (FEfE) &,
I—HFHTFNA AW 7L L TRIE SN TV BIRE
W% (M-CublITS TIILERE & RIFEE, WHGE
FECIRRFEZICZNENFE) 26 B THE L 72
M RHIDF v 73 (EfH) ZHEL, FEEE L BE
PREN LG A T AESERS L EEL, &8
Ty as vy rY 7Y AT ADBATRIEI T B AL
TERIEH D A BB R L ER T 5. £ 810K
RO am v 7Y 7Y AT MBI A EFERI)E
ZRT.

F72, KRV am v I T RAT LB AE
FrE LM OMETY £ 9 1IRT. I 2 COMEFERMK
&, MESFEREREATIE L \WALE & 52 2 A IR E &
NBBRAERE &, MEREHR?E O N WILER
EARRRITTITONS ., TTHOLEF IOV T, FAAE
HE L ALEAFEARRIINZ T, (B RIS I

#£8 KRV VaZ Uy IHTUAT LB AEFEK
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Table 8 Positioning success rate on positioning sub-

systems.
ATV | A& E B L | AL e =R
M-CubITS 121 71 59%
ARGEAE 132 107 81%

£9 KRV aZ VT T VAT LB ALEESR
We D FAE & 56 A 14
Table 9 Cause of positioning failure on positioning
sub-systems.

AL E A E | (LEREARE | 41 4T b | ARl
M-CubITS 14 36 - 50
AR 7 12 7 25

£ 10 M-CubITS BT %GR & 42 O R R & 54 m %

Table 10 Cause of positioning incorrectly on

M-CubITS.
15 B
FIERD) | FH e

BRI R R - 9 9
ERi 1 3 4

AR 0 0 0

BRI & R AT 1 0 1
it 2 12 |14

TEHRIEAFT R RV F A LT 7 b OB E R D5
HO—2I12F b5, £ 955, M-CubITS, 1J#l
JEfE & D ITMESEREIZL 2R RISV &
BEhb.

M-CubITS IZBJ 2l LMO BRI, 71V
=Ry M OBIFHRORHE, YAV =y OB
FE ORI, 74V H =Ry N OBRE OB O
3WHETH L. BEMORNE, T2, s Vvh—
ANy b OBEFHRORML AR & o T, o Eigs
LN M RIS RINCGEY 234U, AL H
WM ARVNOTF v 7FS) LRV PELDL. 2ok
ERE L M RO F v THFFHFEELY T HIHE
T IR ESFE, FEBRT Y 7WNICHFE L2l
MERHEARE 25, F£ 10 ICEMEHREDRER L3
AR ODHRERZ, £ 1L EREREOERK &
FEMBOSHHFERE ZNZFIURT. £ 10 LUE 11
Mo, RAERE, MBRFEARLIC, BFEATEL
RSN THOEROBHTELFER & L7z R ks
LL W ENGHA.

Z AN =y b OWIEROGEHEIC L B ERE
DOLBEI R 16 1R T. K 16 2BV, H§E T
HRD & AV —y bTHRE (G) R (R) 12, M
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# 11 M-CubITS IZBIJ 2 EHFERRED R K & 54
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Table 11 Cause of positioning impossibility on
M-CubITS.
X B
FIERSY) | el
B Heth BT - 20 |20
G 3 4 7
FAR 4 4 8
AR & R ST R 1 0 1
i 8 28 |36

(b) {5 L3
16 F AN —~Ry b OEERRHEIC &L B0 EFEE
ESildl]

Fig. 16 Failure example caused by color erroneous
decision.
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FANA =Ry FTHM (B) 2k (R) ICENENE
HELTWS, BEY AT LIIBIT A 0BT, AL
AT TV L B HSI A (HSL 458y #WmE L
M L7cf%, todl (Hue), B (Saturation), BHEE
(Lightness) |29 5 L & WELE CHE L TV 57,
FANH =Ry MEROBHEORRERH AT DK
TA MNT VAT X 5T Hue P2 L L7 2 &A% R4
EORRE LTHEF SN A, HSL B o B4 HRT:
BEOME LY, A4 NH—_y FOBIEEHEEED
M XS H%oOMETHA.

FANA =y b OBFERORBIIC L B ERE
DRBHI 2K 17 1RT. K 17 1I2BWT, W T
Mo 2MEESHEDY A VI —x_y b OBERED
MIETES, 1MOI ANV —_y FELTHREER
TWb, REVATLIIBIT 2B oORB T, —
K7 4V F I ;51//mﬁ%htXF77A%
AW TEBREET> TWDAS, Ty VREOARLIZ
LoTHEBPELLMETE R, T2E, /4 X1
LoTHES7ZHEBERB LI EDERNTH S, il
LIy VLT A VS ORI E, FANVT—Ry b
DB TR E O LIZ4HRORETH 5.
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(a) s (b) W{ALIRAS R
17 ZANH =y b OBEFRBRMRN L 50085 E
et

Fig. 17 Failure example caused by borderline non-
detection.

712 WHDGEE IS X B L E T HIS T RE % e KA
Table 12 Maximum distance which can be obtained
location information using VLC.

VLC transmitter Maximum distance
LED light (outdoor) 1m
LED light (indoor) 2m
Traffic light 3m

WHEEE BT A ESFERMOFER E LT,
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BT B BICKBE R — ik D IRBE 4 Eod ko EC
lofxﬁﬁvﬁF#%ML,Mﬁﬂm%/7§v
ERTEY MNGRD PR L2 e ons, F
t,A@ﬁﬁLtTﬁ%%%%%i%ﬁﬁﬁ%< T
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ETH5D.
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AL LTHERT 20 ESE (B TlEA~Y— 7+
V) OURIKGETA2Z RS, Av— b7+ O
BEZ AT B LB o0 Ih & S A B . AR IR AT
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FNIREI AT LOTUT I LB TIT). 72
7L, TurT ABMOE, W7 LT X LICER
Bz d, HEILoREbb bRy, & 13 12K
A= FT+ VOEEARY 7 HITRT. ARILEEEH
TIE, WERMNEECTIrb NS 2 T OMEL ({7 &K g 5
&RRMAEL) D F N O ULEIE [ % e R AE 1
SUBTHMZ4TS. H£A~Y— b7+ 2T 100 bEAT
L 72 B O QLIRS O 391 & R HE R 2= % X 18 IR T,
18 123 W T, WS007SH & WS011SH X b —% )L
(RLE R & AR E D) T 4 FHih o MLFE R
MTHBDI1x LT, S3IHW TIZ# 85%, SO-01B
TIERY 94T AL PRIRE ] ST S AL, HRICEIZLEE 2 19
MEEEHMTHEETHL., U, A= 74D
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b, WBEESKIEICmEL-EEZONRL, T
72, BRI LT, Windows Mobile & T3¢
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FIFTHDOENILLZHDEEZLNS.

U EDERDPS, 2—HFHTNA AL LTHAT S
itk (A~v— b7 %) OWfEIE, FAOKRHAL
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Table 13 Specifications of smartphones.

WS007SH | WS011SH S31HW SO-01B
OS Windows | Windows Android Android
Mobile 5.0 | Mobile 6 2.2 2.1
CPU Intel Marvell | Qualcomm | Snapdragon
PXA270 PXA270 | MSM7225 QSD8250
416 MHz 520 MHz 528 MHz 1 GHz
RAM 64 MB 128 MB 256 MB 384 MB
3£ | 2006.07 2007.07 2011.01 2010.04
4500
B Positioning

W Route searching
u Total

@ 2500

2000

Processing time [ms]

W50075H WS0115H S531HW 50-018

{18 HA~Y— k74 IZBIF B ULHIR

Fig. 18 Processing time on smartphones.
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