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High precision BLE positioning by using angle information
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1. ITCHIT

4R, B O RN EBER Y — & 2O #A T 2021 48
JECI 41 3000 7 1, 2024 42 Cld 76 fif 2400 7 I 72
LETRINTEY, 5% BAEFRE R - HERE
TRLTWS RIBLER STV ZFDRATOMER
WEFHA LS —ERLELT, BEERNTEY—v a2y, B
NE Ry NETHECEEOWTEIEZ: ERb Y, Bix
LBV TRAZEDEL ecm TR L 72 5 @ kg B AL 00 20 B
BEE-TETCND. LnL, BNIZEINE TR, &
BOREE L7 DB ED N L, ZHOUMHA L —=
EHRE LT R0, BEIA MREL 2DHH
MR®H 5.

NrEEWZ R 2 REFENRBEHIEE LTUL GPS R
Wi-Fi, Bluetooth 72 E 3% 5[2][3][4]. GPS IZR@EL DR W
BAVEREE TITIATKS EE 2N RO S, RN BRBE CIIRE EE 1L <,
BT B RE V., £72 Wi-Fi ZEBHME RV, BH
TORPNREE S BREF7ZA, MMIBREEICE — 2 v ORE %
L 58 A a2 3 E < 72 5. Bluetooth 1%
THRA ADKE SOHBEITH T 0 IRFEETITE AN TR
HY, BRANMNTOa 2 b BEL< b, TOHTY
Bluetooth4.0 (257 L < Bl & 4172 Bluetooth Low Energy (BLE)

TIXLVEAENTERENRETHY, B —a b ikm%
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SUHUA TANG'

727280, A=w—F 7 RAY— U4+ v FHEDENA
VERARIC B AN HI TN D,

Wi-Fi X BLE % W72l AT A ClE, — A 2(E
15558 % (RSSI) % FHV 7= Fingerprinting, ?E) L < 1% RSSI 2>
LA R H L C R O EEFEHT A5, LaL,
RSSI 720F Tl g BERIAL I 2 C & 72 < 8], A B EHOOF
ABREZ BN TS, WiFi BH0O%A, B8O 7T v 7T %
AnCaAELRHEL, WAL CHMDEE 2 m L c&
HZENRTREINTWD[I4]. BLE OB A& b REIC,
BluetoothS.1 [ZAEHE(L X715 5 D AL R EE 2 3
% Z & T BLE WIMZIZH T 2 A EEFEROFHAEZM > T\ D
UL, ZOFMERIBEREIZ AT L2, Zhzfl
A LB OV T E ZHIN S RET STV n9]. %
72, BLEICBWTHAEFHRAZ TS T 5 720I1iX, (F5 06
FAEZBG LTI R 6T, o7 U IRZIEIC L -
THRAET HMNAHECHEBEEOLHF 2 EOMERH 5.

AL TIE LR TR LEMEEZ R T 27008 A S
2172 CTE (Constant Tone Extension) (22T, ZAUIZEEHE
T oREx 72T A— 2 NIRRT 5 2 &, BIERIGEE
FIA LTAZ B OMARZDOERSE, 72 MUSIC EE2 WA
EHETICOWTHHNT D2 LT, MERKE, BXW, ME
WG R E OWEE 5T

DIF, #2EmTIIeITHIEE B, B3 ECTIHRaHR
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DTFIEIZHOWT, HA4BETIIRFNTRICBIT 2 HER LR
WZOWTIRRD, FS5ETIHELE, FoBETIIMMmE A%
IZONTHRA~D.

2. SEATHIRE BRY

2.1 BLE (Bluetooth Low Energy) [10]

BLE(Bluetooth Low Energy) i&, 2009 ¥ FE iz
Bluetooth4.0 (281 L < BMEN7=E@EHEME THS. BLE D
1S B 134 Mbps F2 B C, FI A A £50% 2.4GHZ ISM #r &
WO mWEEETH Y, R TOBELZIEESNLTND.
ITEE [oT DFEEIT Lo ThRA 2 E / ok v — 2 RFFRTE
BT HHENREL R TETEY, BENHEOMEN A
LTCW%. %2 T, BLE Tl Bluetooth D a0 F F
WCABSTHIENATREIC /> TE Y, LLRTE B TH 60%
ULOMBEBNEZERBTED Z L0, B—a N HEAR
fliZz 2 & 2 BHTE TIIkR % ZeaIC BLE AEAIH T
5. BNERE CIXEKOEE & 2BECEEM N £ < AF1E
T 5720, BARE LKL CEFICKREDO E—a v 3
BZ/ %, Lo TBLE OB BN EENRTRETE —=
BRI & D R E Ao TN D

Bluetooth TIETFHNEER2WVWE > F v x a2 n#R
RIS B EAT O A vy By A EAE TN
5. F7, Bluetoothl2 M HE M S 417z AFH (Adaptive
Frequency Hopping) (2 X » T, DT A ZNEED
24GHz # &R L TV ABRIC, BB IR U JE i S ke,
ZENT WD EW KA H 2 & TLE LZBEEIT) Z &N
TX5[9].

BlEXY, Zib o BLE OWE M6 3 Sl T1T 2 Bt
FHATIE BLE THIE 1TV, BEES v v 7 & RAv
THLDOHERRERE & TWEEZ S RWEDIT 5.

22 MEFHREAWRIN
2.2.1 CTE (Constant Tone Extension)[5][9][12]
AEEREFAT57-0121%, BT T FIicks7 >
TFHRIOEBOMMZEZRD 2T IZ R B0, LrL,
BLE ##51C132 A bEMZ B0 0T T FiTx L
TEZEEVa—AB—2 LR, BHOT T Fhbo
FEEERIMICZETE RV, £72, #KD BLE 550 &K
W7 — & OBEZEOT-DICERMDEDITEY, F5ONHH
EFICELLTLEY. 22T, ZhSORMEZERT S
72812 BLE g O@EIZHW STV 5 D3 Bluetooths.1
MO L EEINTZEEF O CTE (Constant Tone
Extension) TV, 1 ®X o@D BLE 50D 37
v NOBBIZBMEINTWSDT] . £, Xy hOR X%
16us 75 160us \ICAF A[4ETdh 5. BLE H&31E CTE #iMH
TICHEDZA I T TT T T2V 2T, 5506
HAPIRIELZ R T IQ Vo 72 BET 5.

© 2022 Information Processing Society of Japan

CTE X7 v MIFE LIRS TWa ko icEzhEFns 4
W aEl S Tn5.
# 1 CTE OFHEomEs

Guard Period Reference Period Switch slot Sample slot
r& 4us 8us Lus or 2us 1us or 2us
i L0 _
Q%7 7T Q%7
s oY)
B % ootz | ArmE
T[] [

Guard Period [F&KEDIE /37 v b ETHLRNL D ITH
M bE 2 7% % 6 O Tdh 5. Reference period TiX 8§ 2D IQ
BTN s IR TINEE S 4L D, Switch slot TIET 7
F O B2 0T, RO Sampleslot TIXZ DT 7 F
ERHLTZELEEEDIQT— 4 2BET51Q v
Vo7 %475, EnENAEHMORKE 13 Guard Period &
Reference period 23[E E T 4ps & 8us TH Y, Switch slot &
Sample slot OFERT O R X113 Tus 7> 2us O EH 5 NI ERIRA]
BETC, Any MIOLEEAETHDL. ZOARY FORS
A0y MMEEELEEDZETRETE 52D 1Q ¥
VT VE IR B

EWOBLET—2iA{E

Access Address PDU CRC
(1or2Octets)  (2to258 Octets) (3 Octets)

Constant Tone Extension
{16 to 160ys)

Preamble
(1or2

e s I
TR BRI G— RUET

1 CTE X7 v b

POFUTS

FUTFRAAE d
Y130

E—ay

2 AoA DOEE

222 AERMFEN]

WERDOAERHTIEIIBNT, BT VT T hoEED
PR 75 % [ I B ATRE 72 RIS, X 2 o0 & 9 7o (g B T4
EEETOBEMETHD AoA (Angle of Arrival) D HfS
TE 5. AcAIFZEENORALE—a L OAETHY, 5
FOWEEL T T TEOEREYd , 7 o7 ROMEZE
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o (p=2m-dsing /1) LT5&, AcA DAEIIL()AD
rolzkEhs.

6 =sin™?! (;ﬂ—(Z) 1)

223 AERBHREFA LALERIAL14]

M 3DE5I1I2225DBLE E—art 1 DOZEHEH
BL, E—a MOMEKL, 222 HirbZEENSEE—
INTKFLTD 2 DD AoA, DF V6, 6,, £,
CVEOMEEELA DD L&, AR LD REEOME
EHEHT LN TES.

L

E—a

= — = . 2
Y= tn 0, + tan9,’ * = ytanb, @
a
y —
FEH(x, v) .

M 3 =AllE

224 AERENOMES
INDHORITHEO FHRICB W TAERRERET S
72IZi%, CTE OBMBAMLERAIRTHS. L, M8

N2 DFET 5.

1) TrTFrMoOMHEETEE, ZE L EFEEEOT
Y7 CHRFICZET 52 L TR TE 52, BLE %
BEREDOBE, REEV2—AN 1 DL, B
TUoT TR LTI B2 2N OZET 5720, Bl
IRIREERE =S L 27 7 TR O FEZEOMIZ, 25
AL ATV T ELRDICHEELTL
EFV, ODANSMAELZEERNTSZ LR TSR,
A IE IS BRI T T RN IS D
B, TOREFEZONWTHEVER SN TR,

(2) CTE (X Bluetooth5.1 THEHE(L S 417 Rl ry T LV B
T2, FEMN BTSN TE 5T, CTE DR X0,
2y hOES, 77, WERESERINT
WD, TNVHDNTFA—ZRERTH I L THEN
Ty NERT T T o8 B, 1Q K
WEALT B0, AEERSEICEEE RITT I REEND
5. EoT, INBONRT A—H T L DAEOHTRE
JEIZOWCGHAELSLETHS.
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3. ®mHHFK

31 BE

B ER 2 W27 v 7 T OMARZEEZ R D D Flk L,
B g RT A =2 ESTHZ LT, MENREBSETD
BROBIE R RIFIT OV TRAT 5. F 72, MUSIC i£% H
7oA FEHE EIESOMA EE HA = BLE BIGZICOWT b
wf RS

32 FUTTHMMHEEORST (EEERK)

321 MHEDFERIIEL

224 THRLIEBY, 7T FE2H0EL THIET
LEE, T T T RIOMABEOMIZY T v SR &
DY T Y TREEGREET S, 1| U VEBRIZED
YoV N HERYE L, TUyT TN EZICEI ST
NV TBNRFEET DL, &Y T VOMEIEEK 4
D& HRERINITELL, T T FTHAEeL Y
VNHZEY TERE D . (RO HZEDO B ITE T, K
OFFOHD X 5 72, FhENOT 7 F TRIZNZES S
IR DZED S T T TR ZE o2 Bk 5 Z &3
T& 5. KgetHFA T, HEORO L 57k, BOREZT
TNENIEEZ AT T e RET 5.

i Ny
kel Bl + N B %L+ 2N
1EBDTYTFHT
V| misLnEDmE ryE———
Lo o ow ST SR

*"l WEEDTYTFT IBEDTLTIT
WAELENEO RL-NBOE

0, g e V-1 |0, W, (N—1)p

I + + +

PP e [

+ + +
@ENY, @+ NY, .., @+NY
IFEDTTIT IBEOTFUTST
mFLENEDEIE MFLENEORE
e e, - i
0 . (N-DY BRESXTOR 0, W e (N1
P +

| + + +
Do, 29, . 2 B/AE 20 +NY), 20+ NGy 200+ NG

VDI E

4 NAHD R RFNZEAL

—EMRECTER&EIND 1Q ¥ 7 IV ONAE & LR A
THLAEDEEET 2 K D IS TR 5. ZOMFRY LT
FEDH0, FRROXDBEKY L.

DA = Ay - + By . (3)

NFHEERE TR D NN & T hICxIS T 54, & B,
ERHIVE, BIERIFICE > TT T T EEe & Y
TV T EYERDDH I ENTE D,

33 MUSIC.ZFAL-AEKE

TrTrTMREd, Ty T T REKET D, —RILOT
TFT LA, BENAE TARTHEE, T MO
fIFHZE T = 2m-dsin@ /AL 72D, KT 7 T D00
W& ERT BRI Fla@)iE, UUTFTo@NTEEh
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a(ek) = [1' exp(—j(p),---,exp(—j(K - 1)(P)]T (4)

F7o, 411 HTRTEY , EEOHETHEMRT L7 7
THIIK =3, 77T KZIZ L0 B 7 VIEN=8 {fiE
h, MARZE e +NpL 5.

a(6x) = [1, exp(—j(p + NY), -,
exp(—j(K — 1) (¢ + Ny)]".
EEEFRx@) D, ZENZ MLX() & ZOMBETTIIE
ZNZERLUToORX, HROLIICEHT .

)

X(6) = x(£)a(by). (6)
1 T
Ryy == X(t)XH(t)- (7

Ry DEARZ vvEe(i=12,.,.K)T5. TDHIHbD
REWMEDMEESITHEY L, B0 I3METICRY T2, 2h
ZFIA L TUTFDE®)X 2D MUSIC A7 + T ASH) &R
HL, E—2ICET 200 ERIRAE LS.

1

[ —
5@ iy lat (O)e|?

(®)

4. EEBREER
RELTEANTA—HBOFAEICB T D2EOHE L
BIEENR TR O oA EEREO LY EE £ LD, T
OEALIC X D2 AEDREEIZO W TS 5. F72, Kilos
T A =B DAERE B OALE PN 21TV E ORI
WCHREET 5.
41 SEERIRIE
4.1.1 EERHESR

2.1 BiTELL7-18 Y, Bluetooth ®D N7 EHAIFERE T ELERHY
F LW, IO BLEERICITERIT L A EFRIEEINT
WV, 2T, it FROEREEREE LT, 50k9
Teken A EICHRA L2, 2 b 028 T Bluetooths.1 @
TN EHEERE 2 Rl BE T & B TI (Texas Instruments) £L5
@ LAUNCHXL-CC26X2R1 & BOOSTXL-AocA TH 5.
LAUNCHXL-CC26X2R1 X 1 5® 24GHz ¥ A R—/LT
T AT D EZEHE 2> TEHBY, BOOSTXL-AoA I
3ODRMERT VT T EMATL 2 2OT T T T VA RS
%. LAUNCHXL-CC26X2R1 (X BLE t'—=>, %V ¥%[F
B & L CfE A L, BOOSTXL-AoA ¥ LAUNCHXL-
CC26X2R1 &£ JISCH—T N TR ELELZ L TEEOT
VT TR TEZE#RE LCRIAT .
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X 5 LAUNCHXL-CC26X2R1 (A) BOOSTXL-AoA (B)

412 BIERIE

ERORIERZOWN 9 S48 301 R T, ZEHOEER,
T D72 D PC OMITHLCHIE, 172 EAELE S L
TWVWAHEERBETHEETo72. ¥ 6 TOHFOMAIIZIF
A EECTHRE L, AL o POMSICIIEER A EET S,
EEEITREAENETINDEICMELE X TRET .
A & EEH ORI OREREITN 3m CHRUE L, B 0o %l
EME L L TEREIT -

il wl |n] |n
L jERERE
= '9 —

l | (n] |n

[ B O -z

B o6 MWEEREE (FEXUEE AT 9 5iF 301 =)

42 BIEFHEEAEREDME
421 BIEAE
HWELEORE L LT, CTE DE S % 160us, % Sample
slot & Switch slot D & % 2us, X ALK Z 607, 7
VT HE3 L LICHEENIMREL T H. T OWHERE
N LEFROEBEEHET L2 L THEREDO LR EIT .
HIEFIEE UL, ZEBOEER (B—ar) 2K 6
DEIICHEET D, £, ~N—F T =T OHIRT, HIEMA
EOHPFIL 1 DOT T F7 LA IR LT-50° 55 50°
LT 5. L, REALETETHEICFRROELEIT).

4.2.2 FEFREE O

AEEREEE O IEE, Ny MBI AT U7 Y
B2 Ea, WEIHEATED My N EEbEL, axb
ET U7 TOI0 R AMER (F—%%) LT52LT,
(HERXNTHEOENELHRHMET 5. ZL T, akb/2lD
RT A =B OB L DAEFIEEORELF~, 1 o
FTONRTA—ZOBREEEE L TV o O 5k %
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BRL TV E, BROWETIIZDORIRLIZ AT A—2D
BOE THEZEIT > T

43 NSA—REERICKIAERE
431 CTEDER S

£9, CTE OO & % 40, 80, 120, 160ps DZHZ
TUCET LB OAERSEZ KT 5. CTEODREIZAR
L7ZB, 7707 o0 B2 BN EDLLH, 1 D
DOy MERBT 27T T HE0 BB lanElL, F
721207y MIBTF A EZAD IQ VU T LVOELE
LDy MEbLENT D, £ 2IFLCTEDREX &
KT —FBEOMBETHY, CTEE SN 120us D & T EDOF
ELORET-FBNEL D, £/, CTEOESDNEL &
NER 2138, 7o 70 B AMlan£< 720, Xry
N&b3 7> TEY, CTE DE X8 80us D & &2—FT
—HEaXxbPLL 2o TN D.

BEROT —F FraxbZ I LBEICA 2 vy hORIN
lus DFNRELRY, EFLBEL/NILBRSTNAH I &
L, Ay FOEEN lus DL ENKEREEEEEbh
5. Utk OPETIX CTE O E280us, Ay hORIN
lus DR TEREZIT D .

433 T7UTFHHE
TUTFOENEZ NS — I T TS0 Bk
EULTHEROT T FICT AL ICRET D, oFEY, T
THEI0 R 2RI ERIE U7 o7 A ZEDS R AET D &
T D, K4 Ty TTHEET—XEBORGZTHY,
T T TR OBEICT —F BaxbPEL b0, i
EXT T3 LR TREL o TS,

£ 4 TUoTHEEET X EOMR

VAR 3 a b axb | #BE (JE)
# 2 CTEDEREZ &7 —X BOBMF 2 33 25 825 7.1
CTE & (us) a b axb | #AE (F) 3 16 25 400 6.3
40 3 65 195 9.0
80 8 30 240 8.1 FEERIINELT T FTEBD el R 13, 7T
120 13 12 156 7.8 Y B2 AMaDEITL < 250, 1 AMlick T 27077
160 18 6 108 9.8 U B2 BT D725, 0D, 7T H3 LY

# 2705 CTE DE S 80us & 120ps D & X, f4EH%
WIFE A EENEEL, 80us DN LV HOKRTE L 0F
— X EFHHITE B2, CTE OFE XA 80us O & & M il
R L BN S. Lk, CTE OE & % 80ps 12 L CHIE

L= =

179

43220y FDES

RIZ CTE DR &% 80ps I E LIZBEOE#EAr v FORE
IEEZDH.221FTHR LAY, Sampleslot & Switch slot
1%, lps 22 2us ORIICHAEIT 22N TED. Ay b
DESEEFETDE, TUoTTOVEI XA I 7Y
I THIRINED D%, CTE N7y o7 7
0 B2 AR eN BT D, £ 3 EAry bORES L
KT =X BOBMERTHY, Ay ORI lus OIFIZHE
FEWNNESK D, FTm, TUT T O LRSI
D7D, 7T EZEARlabi2 5T 505, 1
OOy MBI EZAL IQ Y7 roTF —F &R
N 5728, /Xy hEDIYV LB T 5.

TUTFHE2OFERT T OB RENEL D D
LIS, CTE OR SRR UHA ML TR/ D. T
TR R BEICT T T B — AT OE B OML
MZEDO PSRN AL T D720, T o7 752 oA
NARZE DB N D7 {720, BRENZL 2D EEbh
5. EOBEMNGLUBORETIET 7% 312LT
HEEIT>TL.

434 EEFAHBEE

%2, CTEDE X% 80us, A v hOEI% lps, 7
VTFHEE3 L LR, HEIALFEMALET LEBROAE
EAZ KT 5. EXALFRIITERGE L 1Q Yo e
T ANVICEZALT-OORTH L. 0, EERIX
HEST 27 ADOMREIIKIFL TR Y, KERTIIZE
HICHEE L TWD PC OMRRICIEKGFT 5. ZOKRMOES
WL > TCTE ZXET2RIEBNENT D720, HHTE D
SNy MEbBET S, 72, T T U0 Bz EAYalc
ODWTEFED LR,

£ 5 EHXIALRH LA/ T — 2 BOBR

#£3 Ary hORI AT —FBOMK EHXIALFEH (s) a b | axb | #E¥%E (F)
2y kb (us) a b axb | #E () 20 16 | 8 128 10.3
1 16 | 25 400 6.3 60 16 | 25 | 400 6.3
2 8 30 240 8.1 120 16 | 60 | 960 5.7
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& SIEEBXIALFM AT — X 2OMGRERT. EXA
&ﬁﬁﬁﬁ<&éi£ﬂ7yhﬁwﬂ%<ﬁ@ 120 o &

ICAERLEE 577 ETMADBZENTES. Lo TAlHE
foc HIETE AT EZAAFEMEZELS T500 K72 &8
s, LinL, EEICEHEE L TR E VR #
IBRBEICH D L 1EE 2 BT, b LIIERERHA 120 B
BITHERZRENTLE D 72D, MENKECR D &R
bivd. ZOBET 2 HENROEEORERIZ OV TIE
52 fiCiEmT D.

4.4 GIERGIFRE

343 HI LV EONEE (x,y,) & L, BEERIC = MAHES
FATT B Z & TRHEMONME (v, ) E R T 5.
ACFHNIRESE = (x — x1)2 + (y — y1)% ©)
ORLVEONEE OKFERNEREEZFRL, ZEHKEE

— 3 OFEREN 3~5m DA, 8 MEITTENEN 3 BOH|
12 & 2R ERINIRRZZD K 25em IZ72» 72 2 E b

07”:.

5, B

51 ENSA—F LBEOER
43%&0f%ﬂix~&’*ié7y%%ﬂbﬁzﬁﬁ
$al "y NIb, BENED L S IZEALT 2 D0 MR
7. Fi, AEIOWWETIHEHRTE Sy M‘mf%
FIALTAHEZRDTEY, 7y MR :/)\m\iﬁ
A, BHLLIERAT 7y NERE O LIZGA I AR
%ﬂk%<ﬁ5_k#b#0kuj®iw4m_kWTy
Ry NETE T BEAL LB ORE RN D bHERIT 2 2 &8
TED. ZO7®, EEICAEZ RO TIEELHET 57
TiE, HOBED ATy NIBKETHSD. Lo, CTE
DEERAT Yy NOEIOEETII N v MIEECT Z
ERHERETEN, T T U0 B A aebEboTLED
e, MRMIICAEROT = HEBH->TLES. 22T,
EXIALFEMOETIZ X537 v MRb O A R 7=
WWELSEBEE2DEB51005.

52 FWEAHEFHE & HIE R

434 F LV, FEXIALGEROLTIZET 537 v MED
BALDNRREICEBE 525 LR LD, EBICAHEZE
L CALEZHEET 2856, HEMNSENEREF LTV
REBIZEZ D2, £2T, EXIAALEHE TR, [
BTy MEEFERTOEORERMEZEx 5. CTE &
R LW 1 20D BLE /Y7 v MIBIT LT — X &Rk KD
EIERRENL 708us THV[15], SlEIORKMESEMEE L TRE
L7- CTE O 80us Mz 5 & 1 3 v MBI 54
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WERIEK 788us 1272 5. 3 5 L0, EBXALRFEH 120 00
B o B EDIE 60 72728, 3 RERBAY 60 D & & D
G ENIER 47ms FREE & 720, EXALMEM 120 B &Lt
BLTHHoEWREETths EBXxbND. £z, HEX
S EME Im THBITHE EHE LIS, MERmE
100ms &35 &, BHITEITHERR OMIZ 10em A, %
B GMTE) Le—arOMOEMS 3m 72835 &,
%Euﬁly)%mié.%:f,wﬁﬁﬁiofgmﬁﬁ
AENEAT D00 ERMET 572012, K 70 L5 ICHIE
IHEfE] 23 100ms DFE D3 1m&%&a£1m$%%&@ﬁﬁﬁﬁaﬁﬂm¢®%
EELOBRIZONWT T I 7k LTz, 77 70 b%(EH &
KIS & OIEBENK 6m DL B < 72 B & A LA 1 ER
WA bbb ZERNbhor-. Lk, HAEMARNE
TIEHERF# Z 100ms L FIZT 5 2 & THO R\ v MK
EWRTE, FEBEL TV ARNRLITEA EEENRL
HEZWETHZERAETHLEEZLND.

10

AEE(E)

0 1 2 3 4 5 6 7 8 9 10

ZEWEEFEHEDERE (m)
B 7 HIEFFRE 100ms (2B DEEH & ZEHD
FERE & A E 2L O BIfR

6. BhHhYIZ

AL TIE, BNAIMLORE 2%ETS7-0ICFHASHh
LHAEHFRIZONT, ZLOT AL AZHHEILTNHD
BLE Z#fEf L, %ODﬁaﬁ?‘%%&@%iHj HOWBNBEEDN

FHZEDBUG 15 E TSI ET 284 23T XA — 2 OFIRF
EAEBE L7z,

Mt T, AEBEREDET OBICNEE R LES
DOAAZEIZBWT, BLE T 7 > 7 RO ZEOMIC

PV IAHESFAET HEEICKT LT, 1Q 7**57@
PR Z AL FRARREIEIC & o TTMAEL L, #BERZ AV 5
Z & TiREAR® -, 72, BLE OfERERGOERIC
Ao ind CTE (oW T, CTE HHEDESLK A v b
DEX, £, TUoTFHERST 7 A V~DEXALMEM
EDHENRTA—FDOHEERITH LT, BERBEDRESY
L, @) RT A —HIEPUT OV TIRET L.
KNT A =B OFPUC LD REEOFAMAIT 5 721, F
5%203711/%/?7\?Ewi%‘éiﬁ‘éiwiﬁalﬁf@ﬂn&%ﬁo7‘_.
Bluetooth @ 5L FHAREEEIT LERSATHT LW 7o oD, KRR IX

— 632 —



MR BLE ## CTix7e <,
CC26X2R1 & BOOSTXL-AoA % #lAf b Cik{EHE =
FREE LTHIEZRZ L, ZORE%E bk -
A =X OTPUZ X DA LI OWVTE, W E DR
LK 41° OUENSRIAEN, KEOBRINCTIIAERES

KIST FTHMAOLND Z LR TE .

AH%1%, BEHFRTHD MUSIC EE2RW-AEREHO
FIELZ(EE BIRE TH D RSSI B AFIM L= HI6 & 6

AT D2 ETEY BWIBERKEN GO EEZLND.

ZEIHR

(1]

2]

131

[4]

(5]

(61

(7

(81

91

[10]

(11

MA SRR E DT IEAT, “BNALEE®R Y Y 2 — =
AT BT D A & 32, 2022.1,
https://www.yano.co.jp/press-release/show/press_id/2900
iRidge, 7 i 1 B H, 2014.4,
https://iridge.jp/blog/201404/4893/

Vincent W. Zheng, Yu Zheng, Xing Xie, and Qiang Yang,
“Collaborative Location and Activity Recommendations with
GPS History Data,” Proceedings of the 19" international
conference on World wide web, April 2010.

Qiang Yang, Sinno Jialin Pan, and Vincent Wenchen Zheng,
“Estimating Location Using Wi-Fi,” [EEE Intelligent
Systems, Vol.23, No.1, pp. 8-13, February 2008.

Davide Giovanelli and Elisabetta Farella, “RSSI or Time-of-
flight for Bluetooth Low Energy based localization? An
experimental evaluation,” 11" IFIP Wireless and Mobile
Networking Conference, Sep 2018.

Ruofeng Liu, Zhimeng Yin, Wenchao Jiang, and Tian He,
“WiBeacon: Expanding BLE Location-based Services via
WiFi,” ACM MobiCom’21, October 25-29, 2021, New
Orleans, LA, USA.

Marco Cominelli, Paul Patras, and Francesco Gringoli,
“Dead on Arrival: An Empirical Study of The Bluetooth 5.1
Positioning System,” WiNTECH ’19, October 25, 2019.
Naoki Nakajima, Suhua Tang, Tomohiko Ogishi, and Sadao
Obana, “Improving precision of BLE-based indoor
positioning by using multiple wearable devices,” in
MUSICAL’16, 2016.

Pradeep Sambu and Myounggyu Won, “An Experimental
Study on Direction Finding of BluetoothS.1: Indoor vs
Outdoor,” arXiv.2103.04121, March 2021.

H 4558, BRI O 72 @ BLE B'— = ik 3
FToHA FTA 720182,
https://www.gsi.go.jp/common/000198740.pdf

Tech Web, “AFH (Adaptive Frequency Hopping),” 2016.11,
https://techweb.rohm.co.jp/iot/knowledge/iot02/s-10t02/03-
s-10t02/1969

© 2022 Information Processing Society of Japan

— 633 —

TI #:% o LAUNCHXL-

B L. #/3T

[12]

(13]

(14]

[15]

TI, Bluetooth Low Energy Angle of Arrival (AoA) for
locator devices, 2022.5,
https://dev.ti.com/tirex/explore/node?node=AOSUfCXMkKN
aUAy6wnyOb2w__ pTTHBmu__LATEST

MathWorks, “Bluetooth Location and Direction Finding”,
2022.1,

https://jp.mathworks.com/help/comm/ug/bluetooth-
direction-finding.html?lang=en

Wataru Komamiya, Suhua Tang, and Sadao Obana, “Precise
angle estimation by jointly using spatial/temporal change of
channel state information and its application in pedestrian
positioning,” [EEE Access, vol.9, pp. 59420-59431, DOIL:
10.1109/ACCESS.2021.3073000, Apr. 2021.

The Interrupt Community, Chris Coleman, “A Practical
Guide to BLE Throughput” 2019.11,

https://interrupt.memfault.com/blog/ble-throughput-primer


https://www.yano.co.jp/press-release/show/press_id/2900
https://iridge.jp/blog/201404/4893/
https://www.gsi.go.jp/common/000198740.pdf
https://techweb.rohm.co.jp/iot/knowledge/iot02/s-iot02/03-s-iot02/1969
https://techweb.rohm.co.jp/iot/knowledge/iot02/s-iot02/03-s-iot02/1969
https://jp.mathworks.com/help/comm/ug/bluetooth-direction-finding.html?lang=en
https://jp.mathworks.com/help/comm/ug/bluetooth-direction-finding.html?lang=en
https://interrupt.memfault.com/blog/ble-throughput-primer

