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Abstract: GPS is generally used for outdoor positioning, but indoor positioning by GPS is difficult because
indoors do not receive radio waves from satellites. Therefore, various indoor positioning methods have been
studied. In the position estimation using the wireless LAN, there is an attempt to use the Bayesian estimation
by using the radio strength measured in advance, but there remains a problem in the accuracy of the radio
wave. On the other hand, in recent years, IEEE802.11mc, which enables distance estimation with accuracy
within 1-2m using round-trip time of wireless LAN have been standardized and available on Android 9. In
this research, we proposed and evaluated a positioning method based on the machine-learning using not only
the radio wave intensity but also the data of the distance between the access point and the terminal. In
the experiment, three wireless LAN access points were prepared, and Bayesian estimation, support vector
machine, and k-nearest neighbor method were used as the evaluation method for position estimation and
comparison was performed. As a result of the experiment, it was shown that the combined use of the radio
wave intensity and the distance data for learning exceeds the accuracy when each is used alone for learning.

Keywords: indoor positioning, IEEE802.11mc, bayesian estimation, support vector machine, k-nearest
neighbor method
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THETHEWIBDTH A, FIHEDIESI O N2
2, JEEHH2SF TV EREB LD TAIENTES, L
ML, HEETRY b0 k)%, L) EOHEOREE
WAEVEETLET T r—a VWS LI TER.

AR (Augmented Reality) ~— 7 % H\v 77 &2 [2]
T, Y= W E A AT TR L CRiT 5L, v—hzi
BE L7 3RICHIERDHEET X L7720, WATDOI—
2R AL EE RS T & 5. IR R CLE S
WERNURT B ENTELD, X—ADH AT DESMIZA
55910, v = HOKESREBEEZMETLLENHD
FHDDNE L) MWEND 5.

AR LAN OBRE DS HE A 2 42 L ChiE %
WET B HELREEINTWEL [3], [4]. #l2, FIFEOR
HTH O LOBEMELIE L TBWT, WARICHIE
U7-BEWOHE & L TR D ELAHDOH LK1V P E2EHE
TLHEPRESN TS [5]. 7o, ITEEMEE %L
EHEE IV A IgE b fTh T 5 (6], [7], 8], [9], [10].
INSDOIZETIE, FATICER S NS BHT OB E
£ (RSSD % 55 LoillE LEMEE IS 5. 2L
TH LB SN RSSI 5, BEWMFEETLVIT) A 0%
o TMBEZIEETLODTH L. BWFEOT V)X
LT, A [11), k=35 [12], A XHEE [13], R —
"Ry F<v 14, Y5 LT+ LA [15] % Eh5E
ENTWD. LaL, WEROWEE % HV7-E0% <
BEBEREDATITONT WS Z EHS . LT, B
DM RR CRET 2 RN T, FFEE OB HRIE % #F
OB DHEEAE L 5 2 e D70, BIFREDO R THE
T5HZEIIEIRADRH 5.

— T, I LAN D7 7 2 AEA » P ETOWME
YFRY v 7E AL (RTT) THEET A5 IEEES02.11mc
ML SNz [16]. T LT, T2 HARS ¥ PRIKT
[EEE802.11me 2593 &5 X 9122 0, MEHESE (ZFIH
T AL T &7 (17), 18], L2 L, RTT I & % Hifk
213, HAHREBBEOIEIEEE D25 8t m FEEE DR
HECIIEE D BCZELTWAD, 10m T OEEClda
ENRRELRY, REETHAH. Lk [17] TIlE, MDS (%
RICRERERGE) (X DREAEEZ S L ChEHEE 2@ L
TWAAS, EIKHEIC X WAL E RIFEEDOIEEICE & F 5
TV,

AWFFelE, RIT IS L o THEE SN LAN O 7 7 &
AR S OmKEE TOHEEE, 772 AKRA Y I
S OBPRE G L, WMFB Lo EZHEET S
HERRET D, BIRBEILX, 727 EARL V MSEWE
FrCIBEDT S VDS, BRSNS &~V F XA R E D
BCHENEDDL., — T, RITIZT 7 EAESL Y b05dh
LIEEHEEDEEN TV AT DEEL TV DS &) HED
HhH., INLEMAGHLESLI LT, BEOBWENE
rHEET L. BWFERICHVAE T VT XA, NA
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e, PR— bR~y kEBEEE A, KEO
R ztr o7z, FEEBROKER, BWHRBRE L RTT 2L 5%
Bt Z T W27, TSR THW LD
DS L5 5 2 LAV oT.

DU, 2w TIERLEMZE, BaficonTli~s, 38T
X, RWIZECTRET 5 FEICOVTIRREL, 4TETIE, FF
MHEBRDOAFER L FBLIIOWTHRD, 5 HIIAFHLDOE &
DOTH5.

2. BEME

2.1 EFLAN # AV AEUEHTE

(1) =A8EE - = IR ICED GAf

SMHEE, BESRET o TS 2 EMEL, 5
DEREBEMDO 2 HTTEL ZAROLOES D
NROMEIEE KD L THETH L. T TH 5 RN
A2 mU ECHmE T E#EE 2179 Fik % Angula-
tion [3], 3 MU ED R THEEZ HWTIEZHEE T 27k
% Lateration [4] & IT-5. 1 {3 Lateration #/R7.
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IHFEDWIT L ¥ — v R FEH S E, s FET—%
WA EHRE LT FETH L.
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Fig. 1 Lateration method.
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ARA Y MO OEEHELAIE L, LT 5. KIC
BB ZHEET AR, 16 D) b, HEELLWIE TS
TIRARA Y NOBEMELZBIL, FEHT-5 &b
ByAZ e CMBETHET A, T2, B S & B S
EOBO, FHATEH L T A WE R HEET AL, EH
LAN OREEZ W CHise S ¥ 5.

2.2 NAIWEEBAW-MEHEE

g 5 ORFZE [6] Tl&, 2.1Hi (1) & (2) OFEEHAL,
NAZXDEHR AT EHEEZT>TWh, T7EAR
A2 b (AP) LUmRPZET 2 BIMEIIMEIC L DA
ft3aZLE2EEL WL, EHEETIT)ERE LT,
WO HT TS — » 2Bl L8 &2 5 Survey Phase,
KIZ, MEHERE 1T 9 Estimation Phase | /\75‘7@’(\/\

Survey Phase Tl&, #llloEE% O & L, %8l o

X#%AP#%@@LK%&%Ea&AP@B%Dﬁ
DT EI NS (n i3 AP O, m (ZEEE) .

O ={01,02,...,0m} (1)
0= {(alaﬁl)a sy (aiaﬁi)7 sy (O[Tuﬁn)}
i=1,...,n (2)
AR D EBEMIREDEEET C L L, WKlEC DOV
NDPIHFAET B EARET B, c 3MARDEE 2, y DHTH
5 (LI3HEENROH).

C={a,c,...,c} (3)
c; = (zj,y;) 7=1,2,...,1 (4)
(1), (2) »SHERAIUTOXIE S,
R cj TR D50 o PRS-
KR ¢j T B HYBIH S 7z nlEL
(5)
Estimation Phase Tl¥, Survey Phase & 13512 AP 7
LOY—reBHML AP OfEGE LTRET L. 20L&
&, LM TOZIE LERME DT aveapy & 7TH
L, BEZ#ZT, BMEDR/N THmin & i K THmax O
P 2 EIREDOFIEEZ T AN T =% RET 5.

Pla|B,cj) =

R={r:r e AP, THmaz > aveapv > THmin} (6)

RIHEREBE TV L ¢ DREBIEFEE T ORITIRT.

(ol e) =TT _, Plail Birej) (7)
I, P(Og | ¢;)
P(ci| o1, y0m) = klm 4 (8)
o ZilHk L POy | CY)
I_CE: (7), (8) %}Eﬁlﬂfnfﬁb W%)E@ﬂ—'/\)‘ V‘LL—E—%JWIT;E

OHEEME L T 5. EBIIX 3 @ X9 I FChiEitEx

ERL T5, SEHS S OFEEE 1m TH 5.
LaL, ZOMETIE, BRBEIIBITILZ 72—V 07

WEEAE LT2GE, RIENSILLTLE ) L W) iErDH 5.
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Fig. 3 Experiment environment of Ref. [6].
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Fig. 4 Position estimation result considering terminal charac-
teristics of Ref. [7].
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FHET 5.

P(vyi | B18i, ¢;)
B s cj T i Z B L 725K
st cj THEIE FL & Bi & FEIBICEI L 725
(9)

F 72, WERMAERETIVIEN (5), (9 25U TR
(10) D EH %D, 22T ld, BILZT—% 0, D)
L, BEMES -80dBm % Flulo 7286, 7 A MT—%
PO LT — F I > T b,

P(dy | ¢j)
= H P Otl | G6i, C H P(Tz | 15, C ) (10)

BIEREDOILE F\ 5 2 & T, Sk [5] TIT b7
B, EP S L2 EE2RL. K413, il
EATH Y, HIEREROBRBHBMERTH L. &
WREDILE WG L %) Thwihs, 71 D
S v 7ciGa L 2 O HRE o W56 f,ﬁ
A FE DM E 4T > TW A, 2 FH O BRI V-5
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MEHEECTIIIZ T BEIELN TRV,

2.4 Wi-Fi RTT (Round Trip Time)

T, RWFZECHHHT 5 E LAN #HigTh 5

IEEE802.11mc DHEE % ik~ 5 .

IEEES02.11mc &, 77t AKA v b LK% 5

5% FTM (Fine Timing Measurement) 2S5 T

Wb, ZOHNE, EHMEE TG % RLERT A RSN EE

Th BN, HHEZMMTEBEL Y A ~REI izl e

b, FERfbE .

FIM®D Ayt —Y Y =4 2% 5 1279, WO

WEDTFD X H12% % [8].

1. WKLY FTM ZBME$ %729 FTM Request (Fine
Timing Measurement Request frame) % 7 7 £ &R
A4 MZIRITA.

2. TURAEAL LML, VI ANEZITIS &, WRIC
Ack %3R3, % 10ms DINIZ, FTM (Fine Timing
Measurement frame) %, ToD =0, ToA =0 DT
A—FCTHEETDL., COLEFTM 7L —2%%E L
ToHEGI T = t1.1 2588k 5. BAOHEMN I ps (K2
) Ths.

3. WK, Uo7 FIM 7L — 4128 LT, Ack %
BL, 7V—2axnZE LT =121 & Ack &
L72BS T =431 #5i5%5 5.

4. TIRARL Y ME, Ak 2ZEL, TORRT =141
ZELERT 5.

5. T7RARALA Y ME, FIM 7V —24% ToD =11
ToA =t41 D)XT XA —=F THEFEL, TDL ZDEEH
T=121 %83 5.
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6. WiERIE, FIM 7L —202xF LT, Ack 258 L, %22
L7zBEA T =122 &, Ack #RE L7CHEG) T = t4.2
RELERT S

7. TIOXRARLA Y ME, Ak #ZEL, TOH T =142
RELERT 5.

1~TDY =7 Y ADETT 5 EUTOFHEIZL D Round
Trip Time (RTT) 25K HN 5.

RTT = (t4.1 —t1.1) — (£3.1 — 2_1) (11)

2T, HEHEE D, tkEE ek Lok X, LT OR
HATKRT 2.

D = RTT x ¢/2 (12)

5B, BHEFTM 7L —200) &) 25 KX
WA, FONYEEL, B, FIMIZ, tl, t4 2505
720, U2l FICRET ALESH L.

3. RBREAR

3.1 BmE77o0-—7F

AWfFETIE, 2B TRz =0T F ) P AFEIEDE,
R ZFETAZ LIl o TEHE 1T . R
®, Wi-Fi-RTT \2 X 2 Hiflf 7 — % & 2 LB E % H
HRTHWEDIZHRT, MEEPEALTHEET LI LICL
D, EAEEANVEHCETRETAZLEEHME TS,
WWFEE O AT & % M T— % O 1%, Jefrifze & FAkk
IZEFKT .

O:{01702>--~>Om} (13)

Eb, 22T, mIdBNEETHS. £ LT, 120
7 — 213,

o0 = {(317d1)7 (827d2)7 ey (Si,di), e (Sn,dn)}
i=1,...,n (14)

ST, s BiHHOT 7 AEAL U R0 b DOEBTREE,
d; & Wi-Fi-RTT IC X 2 HEE B2 RS, nlE7 7 AR
17 METHA.

7z, HETHVE,

C={c1,co,...,c1} (15)

THAhH, LIIHEBEMEDHETH 5.

INSDFEF— 5 % _A g, HE— IRy
v, kBRI X AWM E Ao o EEE T VT X
LA, WBELXFMET 5.

3.2 KB THONBHEFE
(1) N1 IHE

RIFFETHWIZOWE, HI7T v FA—TRAZXTH5.
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F A — TNRA ZPEEOMEEE T IVAL,
P(Ci ‘ 01,02, .. '7Om) O<P(Ci7017027 .. '70771)

=P(ci)P(01,02,..,0m [ c) =P(e) []  Plon]er)

(16)

b, HERETNUDOLHERILTO L) 12FET.

i = argmaz,c oy [Pe) [[ Ploale)]  (17)
2T, Ploy | ¢) WEE, Pe) 3HEFHEETHL, =
DEFENZDONWT, HEH R ES 205, LTOAY
A5 AE V5.
1 (z; — p )2
P(z; | y;) = m exp (y (18)

2
20y

(2) HHR—-IRTETI>

PR= IR T THOWIZA T =21, N4 X
ECTHWBW T — % LRI, 3GDT 7 AKRA b
MO OBEPERE L HEENEE LTWwh, F72, FR- IR
7Y VIIERNICIE2 7 T ADSFHICHCE TV T
ALTHAED, INEMAEDLETE 7 T ADOFHEIIT N
HIEINTES.

HMAEDLETD1>& L TlE, One-versus-the-rest & \»
3, HAHFED T FAIALY, O K -1 27 52D
ENPICADL DD 2 7 5 A5HRE % i st K[
FHS 580334, F72, One-versus-one & W9 H 5%
EDYTAIALD, FIHOREED T T AZANL D 2
7 7 AGENE A R Rt K(K - 1) /2 WAH$ 55
#0358 4. Scikit-learn (ZAEBAYIZ One-versus-one % v
THEY, KfFETd N2 HNTWE, F—F i EDIS
TA=FL, FIZEFELSTT7 40V bOFETHWA.
(3) kaEfE&E

BT — Y OFBICHLFET—4 T, 22— v Fili
ATV kB OFE 7 — 5 OF T, ibE\7 T A
TAEFETHL. YTV THY, FHEBEI .

4. FHEEER
4.1 EBREH

3EDT 7R ARA Y b HEL, 1m BB THRE SN
BHETORT 72 AEA b H b DOEWIREE & HEE
BE (=) 222500 BT 2. 2095, 400 1
DTF—=YXFERAT—4THH, RHD 100 %7 A
Tl L/, TAMNAT—=FIE, 5000605 T 7 LIC
BIRENDL XL Y= 1 %283 5 EIE 0.1
Wel, FEHMICAM, FANHIC10BE 0T —4% %
Ansrztenn, 29 LTHRLNET—% 2\,
FRICE o TMELHE L THEL KL Tw <.

F 72, WIGRE LHEEREO 7 — & IR, Android iR
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Table 1 Experimental equipment.
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Fig. 6 Experiment environment.
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1o T, #EEEREOIUSE, Android @ Wi-Fi-RTT
DAPI 2o Twhb. 3BEDHHELAN DT 7 ARL ~
ME24GHzHOF ¥ AV 1, 6, 11 ZfVTW5h, & 1
(ZFEERI 7Bk 2 R,

REFFETIE, BMSE O 7 — & MEIIE, BEsaE i
7 A4 771 Tdh b Scikit-learn [19] & F\>7z. Scikit-learn
W, MA g, R, 29280 7TV T) XL '
Ak =TV —AWMFEETIATT)ThL. B,
R bR IV VDNAIRN=INTG A= F TDF 2 —=
ZI3ER L THB 5T, Scikit-learn D7 7 #+ )V~ O %
V272, Scikit-learn @77 # ) b Tl RBF 71 — )V 2 fdi
LT, C=10, gamma = 1/F#HEL % 5.

AWECTHET L7 7V r—aryol12L LT, B
N CRERYRLIIEEDO A LIOME R & 2750 LT, #i)
BENETHELDIIMHFAREZIRRTLIENTES —
arvEEZTCWA, LIzoT, BEIT Im DAREET
A TELZEAEFE L,

4.2 FERIRIE

WA EEROYAr & LT, FIRFEETF v /X208
R 3 HAEOMERE 305 Tiro 72, K 61X, B, 7
7R ARA Y MEIRL, BUNELT) M2 T 0 A5 HT
4104258 Lz, $72, BRI Im & L, #RZEONE
IXIER 9.12m, % 100m TH 5. 77 AKRAL » b wik
B LS 110em, 5K D FERIC 110em. Wk iED24
=M E AN IREECTBI 2479 . WKEHET LA
FEIZDOWTIEEE L 2\,
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Fig. 7 Estimated distance by RTT (1 to 10 m).
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Fig. 8 Estimated distance by RTT (10 to 20 m).
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A F2ER % 4T 9 BilS, Wi-Fi RTT DA BRI DV Tl
HEITo 7. 7, 8, 91I7 7w ARA ¥ b &K
OWFHEE 1m 25 80m T, Wi-Fi- RTT Tt L2
DTHD, MEBRAEZL TS5 R TT5z012, £
HEE, REEE, EHEETOMERERE ST CRRL. £
T ERTIE, 77 RAEAL Vb LR EDOMICIZEE
WiERLl, 77 ARA Y POBESIIIHEHS 10cm, o
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(test data 10 items/point).
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