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Abstract Indoor pedestrian navigation systems using a location based service will be as useful as the better
known ‘GPS’ outdoor systems. We have been studying a position based system using fluorescent
light communication. In this paper we describe how to extract location signals from fluorescent
light using digital signal processing. The first step is to calculate the optimal sampling frequency for
the signal processing. This is followed by an analysis of the characteristics of the received
waveform from the fluorescent light. Based on the analyses of the waveform characteristics we used
a decoding method with a sampling frequency of 2MHz at the 1.5 m distance between a photo
sensor and the fluorescent. Our experiments confirmed the suitability of the method and the error
rate of each decoded bit was less than 10™* in all combinations of 8 bit length transmission signal
patterns.
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W, GPS (& EHBHESN—F U/ —va v A
FADERICHED, MEBRAT—EABEDAXIZ
FIAENBZ LS Chol. TRLDOMNEBERNI—ER
W, BADOMB O BIAL ATEEZL GPS (Global
Positioning System) AW THELREMBEREL I
BLTWB[ILR2]. —F, EHRELEELELLEERE
ZBWT, BAOHZARLT, [KOEDRPHTHTD
NEBFRCESVWEFEREHIFATHS. L,
GPS I EER *AVWTRENNEBEREREMB T 57
O, HEPLOBEX+SIEI VBT PERICE
WTHERTAZ EIETERNY.

COMBEERRTAED, EELITI—KRBALEL
LTERLTWAENRITICER L. ®ETIE, T
HORYNKBWIRBEIPHEERIERINT
By, BEERBIESOWERASZI:2HEZTIICERN
DEAHALZAICRBEENTWABLM4]. 2T, Zh
HOENIT 2 AV AR BESLIOIELT, HATE
B I OVNBERLZGERELTERCLIZ2BAMNESR
N OBFZE[7],[8]1ZED TV B, HIITIEEIL, BEIm
UTORBERBREMBORENTETHY, TOF
BEREBTELEOZTHBHEIBFSCHETEI LV
SHERHD., ZHET, EEOLRSBRLELRAW
MEEROBEEF LG0T — & < — 2 DEEE
[11], £ L THEEHE L RERERFERE[12ICSONT
DHELXITH-TEE. ZIZTit, EXRT»LREZH
HEENLREREEXEST IR, MaICERLE
7TruESEBB]EEALTNE. Lal, EA
THRABKICH T IEAOESERILETHY, £
DEESEREEZED D EDITIBERETOHFICHEL
7 A NVEZORENRHLELRB. £ZT, Y7 U=z
TIREBTFTAPENERRBEERNCEEFREH T
ERLZ[14].

AT, ETZO0EEFRNEANTT 4 VENME
SOEEERTIEORBERY T Y S ABRKRE
FEZOPVWTRRS, ki, E5FX2EBRICERT
BETHLOZEEFHOBECHEES L bOLKE
L, TOEFEEEZRIETS. EENHRKIE, | XFHD
EEBHRETH S 8it DL/Y — IOV THEER
2T, AESFROYy MRV RERIETS.

2. AT ELE
2.1. FHx{E

BK1IT32WA o A= REFITER O EHREER
D7 vy RERT

R—=YFAara—4F 1T, PCHIRBOTHEE
ITRENDEEEEZREL, ANLEXEE#REL
RS-232C(Recommended Standard 232 version C)% i@ L
THITERE ~XE T 5[10]. RS-232C @fE Tk, A%
—F, AbhyFEy bEAVWERRMFRCTHS AL
R FRIC X 0 IEHREZ O T bit D> HEEFET H[15].
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K1 BHEEM0oToy /R

Bl LT, XFoEEELERES, £DASCI = —
K 97(=(61)16)l%, “01100001”& LTHFbNb. LT
RS-232C BIEX VA ENBERIL, Z D LSB(Least
Significant Bit)y» bIRKH e 5. T ZKAF— b E
v b0, R by 7y MUBEREERICMMEN
B, DY, XFQNI LT, “0100001100° 0% 5
FIREKIT~D 1 XFEFDODAHAVITNMESE LB,

PC1 H b D E{EHE#HIE, FSK(Frequency Shift Keying)
FREAWTERTHORBIEIND. ZTOFSK FHX &
i, T4 PENEEIE L TERERE O R & B
BB LS EBRERIRTHY, RBIEEZ—ERKRDL
B BEZEERT H16L117].

HHEETIX, PCLHDAANT I TAERCHRL
FEE“1"DOEy % EAR K 50kHz, EF0"DHT %
E5AKEE 70kHz ~L ENENEFT H. 50kHz &
70kHz D& BEERSE, BATHLHRELTHAS
NABICHBEERERE 2570, Th€h 2 F0
100kHz & 140kHz DBE¥K L LTHAZSHD. ZOA
HEBSELHHIEROBFRER 2 1IRT. EEBHEELT
NDANT VT ES, TEBIENICE CTHRETH
LEBINIHNIERTHS.
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2.2 EHE
374 bV EBWE RS
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PR D Ry IFFT

AD ETE% PC2

M3 #HHRZEMOTey K

¥T, EARTLOLOREBFRI 72+ FE U H(HE
#.TPS601A) TZIEENB. 2L T, ZOZEFEENTE
BRIZ Ny 7 7 7 7 (MAX450,40dB)IZ 35\ THEIE &
h, A/D BB (RHEF R ADTI61-PCI R — N, 120MHz,
2MByte)lZ & ¥ A/DEB = BH(£1.0V, 12bit). T Z
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DHEERICHB LR TXR b,

ZOEINATREL, HIEEEIC KT S EERESR
EEIBIZE D FSK FREZEBH L TWH[13]. 207,
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TR—EOEAFERTRITILTVWALIIRLT, &
HHITILATAEEICE%OBRELHE-TRBY, Z0O
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X4 ZEBERORRERS

B, EXAEELESRARKOSERAMIC
MELRF—FEEPBRES L TRD, T ERUT
ER) TFTTFCF—FEENIULLE R LTS
B AD BBRBEIZIISLELRS.

FERYTREY 7Y AR LI, EREBEE A
BEERAEHK LoLE, BXAPRNOT —FEK ny, np
IZRLT, OWDRERBETHERDS.

1 J=npa 2 3 1)
LI o
2% 24

L L ®

EAB K 100kHz, 5 E KL 140kHz 2ER L 7=
Ba&, YUY AR L EEEAMOMEICLE
L bHREOT -4, ZLTEY TV AR
BIeBT3(1)ROHERRER 1IZRT

x£1 YoYU AREE &8

fiIMHZ | o ne | G
2 10.0 7.14 O
1.9 9.50 6.78 O
1.8 9.00 6.42 O
1.7 8.50 6.07 X
1.6 8.00 5.71 (@)
1.5 7.50 5.35 X
1.4 7.00 5.00 X
1.3 6.50 4.60 X
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2.4. ZAE W Rt
EIEHEE 9600bps Z W= /BEDALTV I TNES
L7 PEVY TORBEREBORFER S ITRT.

1

0

®s ANV TAES(EER)EZEER(TE)

WHITONRE 2 DORZZFAHBEBTHRT DD,
RITBRBRBEE R RICEXITOBENELTS. Z0
7e®, ZEBETHHI 7+ bV OZERETIE, #
T ORTEAEHEP DY BLLIBEICEENESHT D
(OLTF, BRES). £LT, ZOHEFBICRONDIER
EBE, 9 60kHz LT OEWAEER S CHEEEhT
W35,

HET~OANBDNVEDLYESEREO AR
BET D ETORBELT, ISEREIZ, EF50"~
DODEREFBZFU~OELTRLRD. EFOLEHTD
ISERRZ 4, BT INERME L L, &
ERREZ LT TEEENFERO—XFHEDORZ— |
By FOLLTF, £1RXF— My MIZHT BEER
MEe,bT28, FREBMICIIUTOBRRRLS.

h<ty<ty (4)

BEEOCDIEERB L EEIUORERMOZELT,
SEBBME LY, REESOBETAER LT
X, ZEEELSEOLND 1bit DEEREMELT, 1bit
EEHE)EERICARKE B LS E TV IHFHMNRE
B, TOEEOEVOREREER 1, BELE
BEOCDRIEINIHEE T, FEESIUOREIND
BRA T, Ibit ZXERME TET5E, FEMIZUT
DHXTREIND.

Ty =T~y 3)
B=T+t ©)

¥, E1AF— My FORERBL, ho{E55
“CODISERERLDEL 1, T5E, E1RAF—YE
Y PORIBEINDIEEM Tk, UTORTRINS.

To=Tp-tg @)

SE, ERICAVWEEBOISERRZE I FHTH
200BHY, F1AFZ—FE Y bEESTODRERRY
D2 r'31%, 100mBM L LDXREBMBE HIT 2R, FB
WBubdZ L omERLE

tg=thh—-H= 20 [p ﬁ)] (8)
f=th—tg=13 [0 B ©

3. EEFHK
3.1. VAR E

T bV ICBTAREERIL, /A XS EE
ATWE., ZOkd, BRTOEXRERKELESAR
BOBEBRERRIUND ) 4 AR EBRETHZLET
ERICESHHLBLZITRI Z LN TES. £27T,
FUAPENTANEERANT ) A ZBERTRD

IITCHRETIEAEERS L LT, BIROSTERE
BOGVBEIFIELIETEGHS 2 HEBRT KRS
BETOND., ZOEBHELIE, # 60kHz LT D EHEK
Bis THERISRLTHS. .

T, LERESRSULEOEVAEER T LBRE
TAHANERDBD, R2IRT AL RRRAE®DTF
ATVENTANEERBNT ) A XREEZITY. FOK
FEE6IITT. EEBZEER, TEX/AXRE
BHTHD.

K2 FATVENLT 4 NFEE

BHE FIRF 4 CENT 4 NF
W 150
BHEE 40 dB
TSR 1 R JE M 35 2
. 0kHz 90kHz
BEE | _gokHz | ~150kHz | 180KHZ ~

T AF T ﬂ“\uxwwWWWWN\

)4 RRERT NWWMNWWWWWWMW

X6 /A XpRELE
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3.2. ¥ F SN

SEMER T 5 9600bps DEEERE TIE, REFHD
1bit E(Z B A4 1000 B L V720, 5 ITM D
KIFROILERHD. FIT, LEAMELHEEME L
EEEHHTS. LL, BEEF—FZOPLEERE
TEHRVEYD, BAREHEFRADOL I ILERERM
FRAME T L ERICFEAM MBI LT TE
R\, FIT, AEESFRTCRERT —F & —EDHE
CORELAMEBLANEET, BT —FOBEL—
JEOHEBEEAMHELTHRI LT, EF—F K
BiholEEMHE T2 LT3

EEMHIT, ¥AHMCEENTWET— 7L HE
BUHBTAZ LY, ERBEHENESRESN %
HETSH. BMELLT, EAREE S LESRAEE LS
DELBAICMBHERT —FHOFHEEZRS.

MELSLEAPOT—FHEOBKRER 7 7T,
LEPOT— S H o, PVREL Y BT T ERBELKE
LCREZEL, BELVADRTINITZESAEREKE L TR
#HT 5.

w&ﬂ%ﬂi (10)
EARBEEOLAN  (n, > BB
A= { ERREROLES (¢ <BiE O

FELT, 7Y 7AKEE 2MHz & VW= BE,
A E B H 100kHz BRSO BT 104/, ESER
¥ 140kHz R4y O AT 7.14 HOF — F BB S E
e B . F T, BECRIOEHHESTERETS.

1 EAE K
B

0 EERER
K7 F—&¥LBHE

EEMMEORFER S IIRT. BB A XKk
CEE, TERMESERMEHLAEETHS.

/A XBREBER

1 8

B8 ¥ JEHHh AL

3.3. (E 575
EEMEABETEONIZERIL, HETOBEERH
EILEY, BEBELEO LDV RERRERD.
D7), 1bit EEHHTT (K8, FXHE%
FEEOCL LI IEEERINTIIRATEBER %
1Ti9. ZO/BR, BEXIT~AANEINTEVITALES
ERI—DBEEHEINEB/L LN TES.
BEEMICIIUTORIBEICL Y FREIT .
1) FEHHLBCIVBLREEBEREEEIC
RIS L7- 1bit XAERMHE T HALTRY S
2) fFEE50LLTHHsEhET—YHOEHLEE
EHBLUTERBE0”, H5 0“1 H#INT 5
ZERBEED D, QB2 Tk Ibit HER[MS
WAITISERHFEZEL2BE L2 2 HRIES0D
F—FRETRD. 1 XAF— by FOISERFEE
P OIEEREMZE 1 L B2 D72, EEHR  BHIE
EMAALBEOHLEERBILULDLEE, ZOR%
—hEy PR TEARMNABONSXEICHBZ ¢,
DFEEMZ 5.

T-t, (¢, <T,)

12
T-t,-t, (t,2T) (12)

ﬂ%l}iﬁfﬁwﬁé={
CORMBERBHNICEENDESOOT— 2 K53, B
L ED L EESOE LTHIIL, RERBO L EE
B LTHANTS. 2oL &, BEL LTHERH
D50%DT— 2 FEERND.
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1bit KIERR 7, WERME L F1 AF— Py 4 HEER
MRS 0, REMR L, WESLELRBE T, 4.1. EBRFHIE

VTV IRERLOLE, BENBRREEVE mmr s p U TORKTRBL, ZOESHHK
SEA | Lty PRYREALS. :
A(T_td) (1, <T,) W A N— AT R
N={ 2 (13) - EAREEE S 1T 100kHz
{%(T—td—t;,) (t,2T,) + BB AW S I 140kHz

T MECVFIIBEATETICEAE
EETETOBESE Im & L5mICBRE
EEERIL 8bit 7 — F(0~255)%EH
ZEEE X 9600bps
Yo7y o T EBEEK f1E 2MHz
ERIZEFITRT—F 2 50BTOER
BEIIEREDOAR, thoEtTiTeL
« EBRBMITEOLIT AT 30 5%
HEFROEBEELT D0, BEFRELT,
e 005 255 FTORLFVa—FE2AWD. Z0EX
K~DANV I THESHESHEFERE|IZA—®
&, BEEREART.
BRINT—2 ORBIZEL, A/DEHBRF— FOSE
FY AR ERA VT A/D ERORBHE L o T 52,
X9 {E5FRILE TOEBSERTIE, M ITREFESLEORBR LY
T, NBABC LY HH L BN ERFEE» L
BEREHE~ IV EDLI REESLEORMBRLTS.
3.4. fEHHH LR — 7 OREMBMEIL 100m B ETHB LD,
EERICLVEBOLNLEFEINELESTS. 10 EERMABTIIECAZ— by Mt L THEL
CiZ Sbit MO FEERT. BEMZ5.
FHRBF R A2 BV 72 RS-232C@BIETIE, A¥— b 42, EEREER

By RO BR Ry TE Y MO O 8bit HMFHR bit P ) X . o
THY, ZORERBIEFIIOLSE poRFES AT D OAROEBRAMEL Y PRYRERS AT
T b DPLEKTETORE In KBWTES

WB[13]., £ZC, “® LSB 225 MSB £ TOFERE
1 ) RIERIZ100% Th-o7-. /-, BE 1.5m TRELE

il HH 9 7

F BB T

o
—aman
—

BBY 5. ‘

F—=Z BT, EEEREIIIAH Y T OREI 1bit

LS8 > MSB OEFTF—Thol. LEOHHNRL 99.9% £ T

Sart0 1 0 0 0 0 1 1 0 Stol %y, LESESCHTEEY MEVRTI0UTE
m | o,

AFREZEEHER I7( = (61), XF)ITEBLE

HEEZRILR,BIZZAEART. R 111Z/ A XBRE

ME, X 12 13ESHHAE, 13 XEERNLEE
ThofHRTHD. WTNLUTOBERGEELEHR
LTWBZENHERTE.

(01100001 )2 = (61 )16< K? 'a' )

K10 15@alHaE
#3 BEERUEKELEy FEVR
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5. B%
ERBERIY, 7+ b o®NITETOEFS
Im OF —~Z T BHBEIL 100%, HE L.5m OF
—ZWIZRLTH 99.9%L EORBER/B LN, ZD
b, FEEFRL, ZEEBOBEICR LED
BREBELERICERAMERIEHRBLE. £
8bit DHAHALHEDOERF —LIZX L, TOEFTRE
ERIELTEVERIELZB/ZI &b, 8bit D/NF —
YO—WEFERALTVAXF a— FORS(LAE L HE

LizF—ZIiZxt LTh, FESFRITMER S shswl
BETHD.

SEIOERTIR, HEHFXEBEOEEELRIETS
O 1 XESOBEBELTAVTTIRTOMEAZE bE
F— it TAEEEREITR-7. TORE, &H
BRI XFHADOEFIERICAISTRETH D Z
LERLE., EBIC, HXET»OHRESINLHHERIT
ERELEXFFITHAN, HAATHEE TIEXEFERY
RS-232C Z B L THENIT~ANT S0, ERFERIT
1 XFEMTREEND. 20D, ESLEICBY
TIXFTOLBEZRVETHERDE. ZOTERDL
b1 NFEMNTEEELRRLIEFRIEDHTH S

BE 1.5Sm »HoOF—FEFBIZBWTL, EFRY
N3Bbot. ZOBEREE LTI, EFEEE 140kHz
FRWEZLICEAEITOBERTAEZOLND.
A _—FRENATIZ, RITEAERE L TERBERSK
PRWEBIRLELEDHRIBL LB EIFIHINT
WhHED, EREMIZESEAEEE T, TOME
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BDETLELD, EEREERSY /) A ADERER
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BCAVIERRABEROERERERTOEBBEK 2K
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