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Abstract We propose a Bluetooth-based indoor proximity sensing method using Bluetooth device discovery func-
tionality. Indoor proximity sensing techniques are becoming increasingly important in location-aware applications
such as analyzing and monitoring users’ activities in factories and/or office environments. In this paper, we consider
the practical applicability of Bluetooth-based proxmity sensing technologies in nursing environments as an example
application field, and discuss the design requirements of detecting 1) room-level proxmity between people and 2)
mutual proxmity between moving people and objects. We show that the proximity information exchange between
several devices can be updated at a rate of more than 1 Hz by effectively choosing the timing parameters of Blue-
tooth inquiry functionality. Empirical results of evaluating Receiver Signal Strength Indigator (RSSI) at various
distances between Bluetooth devices are also shown.
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#D—D&EZX%. Bluetooth iX ISM (Industrial, Scientific,
Medical) # (2.4 GHz) CORELBER Ty ¥ Ve A~RY
FVILBGERE 2 BV 1 ERBEBHTHY, NED (class2 T
0.25 ~ 2.5mW) 22 10m ZELATOEIEH BT 28E
A&t LTHWHATYWA. Lo Bluetooth D EMEEHAE
W, FUE#ES %Ay 5 IEEE 802.11b/g % IEEE 802.11a
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BELEEMOTHT=5 ) v 7IlBVT, T4 NVRE
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BL2ARBEy VY 7ARERAL, A—AEKF ¥y 2L TD
EETHLRITAL LD, BBERME Fvabd, Mud
bELE, BRUHL, U LILE, Vv 7HEIR) ToEs
DFRIEYT Y= Y AFERESNT VB0, BxOBRRC
G U THHENLZBENTLASL. /2, TF-FETVITY X
4 & LT CRC(Cycric Redundancy Check) * FEC(Forward
Error Correction) 2"E&H 3T\ 5.

ERiED, Bluetooth DBEMAMIIEERFERZML, E
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LThb. RELETIE, Bluetooth ® 7 /54 ARBFEICD
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Fig.1 Inquiry timing chart and inquiry parameters.
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TRAY—Lhh), OFNLAZAL—-FTERDB. ¥akv b
R A, —2 (B LiRENRLLE) OF/NA AN
WEbEFINA R (Inquiry device) &% D, ABEDTINA AR
HD7=HIZRvEb¥E,35 v b (Inquiry packet: IQ packet)
A Ting BICEEL, BBICHFET S TN AN L0MV
Ab¥IEE /8% v b (Inquiry response packet: FHS packet)
2FZTWA (K1), Mugbes sy bk, —&kBvwgbt
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(X 63 OBENIT— FT7 27 A (Dedicated Inquiry Code
Access: DIAC) ##IRT& 5.
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i, 16DF ALKy Y T o v Ao ThRA & 1Q /8
Ty MPRESRS. BEOFNL AL, FuEbeXFyr
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To—r 2 FegbRIEERYyEY -7y X) 2RV
THVEDLREFNLIADLD IQ T v FERETA. ok
&, MWEDLRIEET /NS X3, B Ting_scan PHEBTF v £
NaEReEFRy TTDH. HBF 9 7BV TE, Tu_ingoscan (7
74V FTI 11.25 ms) DR, 1Q /37 v MREIE— FICAS.
FIVEDLEAX ¥ ¥ FNA AP EDE T NS AN 5D 1Q
2Ny P EBRAMT A1, Tw_ing_scan 2 Ttrain = 10 ms TH
LLENDHE.
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F (Tw.ing_scan) £ 77 # )V Ml (11.25ms) X h RS L, 1Q
Ny FERETARELRDS.

(3) &5IZ, Bluetooth 1.2 ##F7 /N4 AT, Hizilik
B TEME N Interlace Scan VAT LIZE D, MwE
bEAXY VICBIIAEBERS Yy TDS— vk, ERD
(AAA..)(BBB..) ¥X#4* 5 (ABA...)(BAB...) ® & ) IKKREIZ
Ry 78BN TESL. ThIZLD, MuabeEfilL
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REFPREIENETEIRETES. 351, Munabefl7
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LUTF, kEiTid, LEOMVEhE/TA-F 2 R{LIEL
BEDHVEDLEILERN % EERIICFHNT 2 LRI, TN
A ARG U7 RSSI A BT AT &ILL D, AL
DREEHEE#Z 1 Hz L ETEDICRBTEL I LETRT.

4. E B

4.1 Bluetooth €21 —JLOBK
AEEBRTHWV 72 Bluetooth € ¥ 2 — )V (MITSUMI Corp.
WML-C29NHN, class 2, Bluetooth V1.2 ##L) DA ER% [ 2

B2 EERTH7: Bluetooth €% 2 — L DS
Fig.2 Bluetooth module used in experiments.
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Table 1 Inquiry and Inquiry Scan parameter setting conditions.

Inquiry cond. Ting [ms] Tw_ing [ms]
I 2560 1280

II 1280 640

111 640 320

v 480 240

Inquiry Scan cond. || T can (M5} | Ty _ing.scan [ms]
a 1280 11.25

b 640 . 11.25

c 320 11.25

d 240 11.25

e 240 22.5

f 240 45.0

z 240 90.0

IZ7RY. & Bluetooth €Y 2 — V¥ #EHEHV:, Muwabtic
BLETH 4 87 X — RlE 2L IEL S, ZOBROHRYE
LHEWEDbRILEDFHRICHM B X U RSSI EOZ{L % 5Hil
L7z, UTF, EERFEBIUERIIOVWTRT.

4.2 BVWEDENTA—2IIHT 37 /N1 ARESEEREEHA
3. 1ENTR LRIV AR/ BIT 5735 X —F (Ting, Tw.ing)
BIU, MuEDLEAX Y Y IZBITH/8T A —F (Ting_scan,
Tu_ingoscan) D 5H 48T A= 5 2R 1D L HITELSE, Bwv
EhYREDTFY RSB A L. 28, DBROERICE
W, MyuAbE XX+ vi3LT Interlaced Scan TITo7:.
4.2.1 1B80MVEbLEE 2 - LEIT1EDMWED

HAF ¥V EY 2— VE BV RICERIER

FTRM, 1 BOMVEbEDA%IT) Bluetooth €Y a—
LBEIY, 180MVEDLEAF Y OALTIETa—L%E
Av, ZhEhHO LI 1.8m ORELIEHYE L CRE L.
FIVEDEREY 2—VDNRFTA—51F, R1IDILIVD 4R
DT, FVEbEAF Y VEIES 2—LDI8T A — ¥ i
RIBIT2 a-g D TEY)»HBIRLA. BRbow, Mue
DA (Tw_ing) W, FIVADEERIRIE (Ting) @ 1/2 £ L
7o FIVEDEAF v Y HDRF ¥ YRR (Ting_scan) W, 3
VADERER (Tyoing) EF LD L IZZRLUTOED 5B,
FVADEAF Y VB (Tw_ingscan) &, T 74V kD 11.25
ms DEHEL LTHERIRLA. 312, FuabefT
ARAEY 2=, 3FEORITICBNT, MuAbEAxy
VRIFNARAEY 2=V H S DIEEE 100 B ERIT & B
DFH RIS %R T.

28 DHABDLEERBED I B, Tingscan S Ting X T 22D
HMAEhE TEFRH ZICERAEHELLL. Tho0&MFDH
Tit, FIVADbERAF v VR8T A= G £ (Ting_scan =
240 ms, Tuw_ing_scan = 45 ms) THRIEDOFICHE 4 ER L, £
DfEIR IV-f DEBEFIZEVT 547 ms THhHo7:. Mvabeflo
BFRIRIFE (Inquiry Interval) Ting < 640 ms ICBWVT 1s LT



(a) Alinquiry)->B(inquiry scan) (b) Alinquiry)->B(inquiry scan)
T

‘s = Inquiry scan settings "g'" o
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28 a2 1280 1125 s b -
5 g‘“" S b 640 1125 g T Tt
o3 - 320 11.25 g H EQB
5 21000 M 2 .
g3 »- d 240 11.25 £ PETTTOTY
A F | g eead L R
25 m A 240 225 5 6 7 S R AL
€3 - f 240 450 Distance [m] Distance [m]
$E G o g 20 %00 (o) Blinquiry)->Alinquiry scan) (&) Blinquiry}->Alinquiry scan)
== 0 480640 1280 2560 g - —asf T
Inquiry interval Ting [ms] 2 g . ?-gg P
E o .
£ - 26 ] =769 EH 7T
M3 260EY2-VERVESEOMVEDENTA-SIIHTE 2 s R,
3 Ve @ -10) [ ' T
RV & DRSS O FIEHER g ) A2 S B ;E}
Fig.3 Mean turnaround time of inquired device responses for in- E ¥ H j.' ﬂ :gg ' T MR ‘?’ 7 ‘f
544 i H
i 56 7 89 051 2 3 4567 8910
“ quiry parameters Distance (m] Distance [m]
S —
2E B5 2 o0mET A AROEMIIT 5HVADEEEOFHEUE
g 2 Inquiry scan settings B 3 X OF RSSI
% g 1000 Ting_scan Tw_ing_scan Fig.5 Turnaround time & RSSI vs. distance between two sta-
E % -4 240 450 tionary devices
oo 500 N S
] > -~ 240 90.0 Alinquiry)->B(inquiry scan)
£ 3 o H
o o
s £ 0 640 1280 2560

Inquiry interval Ting [ms]

4 BeaebeifvAbeEEZREIHENET4HEDEY 2
VT DT FUCHE

Fig.4 Mean turnaround time of inquiry responses between de-
vices that each act as both inquiry and inquiry response

device interchangeably

DEYRIGEMTH Y, Bluetooth I BT 5 HAfF(E (1.28
s)[14] LD BHEVEREHF TV 5.

4.2.2 4 BOMVEDLYE - HwEbEAX v v 2ERICAT

VEEED AN Y V- 44 g

K, FMuAbEBLUMVELERAXF Y Y 2XEIITH
Bluetooth €Y 2— L% 4 5HV, HEY2— LHHHED ID
PRIET B FEHRICEMZFMmLL. 4BDEVa—)Vid, 2
DDFNA R EFVI-EREFRE, PILEOHERE LR 1.0 -
1.5m DRICEEEB L TiTo 7. E4 (B EReEIEIR (Ting)
T ARVEbERENFYRICKMERYT. 2T, B
VEDEAXY  DNRTA=FIIOVTERDD S 2 Ff (f
BiUg) KBIAERDAETRT. HEIa—Liiho 3 &
PHOMVELEILE R FITIA 720, &4 H50OMVEbER
FRIRA (Inquiry Interval) i3t LT 3 &4 5 O RICHH O FHy
fED 4 70y FAREATVS., FLERE, IhoDOFHE
ERALLDTHED, M4 D5, Ting = 1280 ms B LT 640
ms DHEHFTILBVT, FEY2—L% 1 Hz LEOFEET ID
RJ|TEBHRYVBONL.

4.3 EU a2 - EAAEEEHICHT S RICHRES LU RSSI

DEHRIEER

R, BFvgbd - FIVAbEAXF Yy EREIAT)E 2—
LA BOD2&EEA, EVa— VEOMEERCHTLRIE
BFRI3 & U RSSI 23 L7, EiRE COERLER, HEIC
RBLOSHLEMREICTIT, MVEbRIZET 587 2 —
Zit, Wb IV-g DflAADbELEIRL:. SHEHEICEY
T 100 B EDOREbEEEEINELFMmLA. B5 I2F

Probability density

866 %0 80 -70 -60_ -50 40 -0
RSS! [dBm]

B(inquiry)->A(inquiry scan)

0.25
o 10.0m TS.Om
é 02 {E 6}0m
'3015 8.0m §§40m_; 3.0m
L
Z ! 0.5m
8 01f 70m ’ i 20m
.2 e AT X ] 1.0m
a FHS
005} 90m .. /A 3““& -
1 QWA d
1 TOEERANA
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M6 2 o0EET A AMOMEMIZT S RSSI OFEEHE
Fig.6 Density estimation of RSSI at each distance between two

stationary devices

Va— VEREESICOTT2EEY 2 -V TORIEKRRM () B
LU RSSI(R) DHEMTRERYT. BHFT, Ry 7 XiE§2,
3 USMNFEREYRL, + 070y b, Ky 7 AO LT
2 HMAIEEED 1.5 U gL ANELRT. 2L0ES
DEFHLLOD, WTFRDET 2 —MIZBWTh, HEEH
2505 - 5m OMTIEFH L TH 0.6 s DICERFMIHBOLNT
BY, T4 RSSIICOWTHIZHFARROERIN RS i,
6m LLEDIEHIZBWTIE, SAFRAOEENERTEL
% DICERFRB L U RSSI O S A KEL 2 AP RS
5%, 5m BARIZBWVTiE # 0.6s (=1.6Hz) O RKICERIA 4
SH, EEFHROEBHICTSLENEELERL TS, T/
K6, HEES2—LAhLOEMIIC LA RSSIDT Y 27~
H—FNERVEEEREFRERYT. BEAORBEERIC X
), RSSI O3 #ii A, BBV TIEMHELoTWv 5, FEB
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2% LT RSSI A 4 —5— 5 v 7¥ 286451k d 5 4%, RSSI
EXRBH > 7)) v 7+ LIk Y, FEEA 0.5m LA,
3.0m Bk, 5.0m LhE% EOBEBER 2 5 RAIZOWTORBIA
TEETHSH. HEMICEE LHED Bluetooth ZHE i B\
T, BBHFICfHT S N7 Bluetooth £ 2— L & OMEIEHEIC
EZTCRSSIfER 707740735282k, BATO
WBEN—FAINT4NE (8] B LDNL K FEL A
HIETHENTHETDHS.

5. MEMRE

BFOBAOMERE VA7 4L LT, BFH([9), RF-ID ¥
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