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Abstract  With the rapid development of the Internet, location information plays a more and more
important role in our daily life. Many emerging applications, such as augmented reality, navigation, and
body tracking, rely heavily on location information. Accurate positioning is the key to their success.
Compared with outdoor positioning, indoor positioning is much more difficult to achieve meter level
accuracy. First of all, there are many interference factors in indoor space, such as walls, people or furniture.
Moreover, wireless signal attenuation, reflection, scattering and multipath effect make the positioning in
wireless network harder. Finaly, client support is also an important consideration. Although some indoor
positioning technologies have claimed to achieve high accuracy, they are often limited to special equipment,
which makes it infeasible for wide deployment. Also there are quite a few solutions that are restricted to

specific environments, or require a lot of offline fingerprint collection beforehand. In this paper, a novel
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approach based on |EEE 802.11-2016 protocol (also known as 802.11 MC) Fine Time Measurement (FTM)
positioning solution is suggested. Though there have been previous researches based on FTM ranging and
poisoning schemes, they are usually of low ranging accuracy. In line of sight, it usually has an error of 1-2m.
Since noise is not Gaussian in 802.11 MC, it is difficult to further improve the accuracy, which leads to a
positioning accuracy larger than meter level. In this paper, a new extensible single target network
positioning scheme, MLKB based on maximum likelihood estimation and kernel density estimation, is
proposed by using commodity equipment less than one hundred US dollars. The agorithm firstly uses
kernel density estimation method to preprocess the range data sets, and then uses linear fitting to correct the
dataif the result of the indoor AP ranging is less than 10 m. A coarse positioning result will be achieved by
linear least squares fitting based on the adjacent AP strategy. We design and mathematically prove the
objective function based on maximum likelihood estimation. The ranging variance is used as a weight of
the “contribution” of AP according to the fluctuation of the ranging results. Finally we use an optimization
algorithm such as Bayesian Algorithm, to iteratively optimize the objective function to achieve the final
result. FTM ranging and positioning module is implemented based on FTM Linux Tool and its accuracy is
verified. Through experiments in indoor line-of-sight environment and non-line-of-sight environment, the
results show that the MLKB algorithm can achieve the meter-level accuracy of 62% in the indoor LOS
environment and 41% in the strong NLOS environment, which are 43% and 17% higher than the naive
Bayesian algorithm in the LOS and strong NLOS environments, respectively. Under the condition of using
only 4 AP coordinated indoor single target positioning, compared with the state-of-the-art localization
research, the MLKB algorithm has good generalization ability in different environments, the total average
positioning accuracy can reach within 1.5m, the average meter-level positioning accuracy data accounts for
45%, and the positioning accuracy is better than other known FTM based positioning a gorithms.

Keywords 802.11 MC; Wireless networks; Indoor localization; FTM; Localization algorithm
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7. IF kdefit_y == max(kdefit_y), DO
8. point = max(kdefit_y)
. x_result.append(point.kdefit_x)
10. ELSE
11. x_result.append(NULL)
12. END
13. END

14. RETURN x_result
53 ZMRlEYEER

AR 3 T g 1 A LOSHREE T (il
FERCHE , RPERLES2IF AP 3| STA BE 2 i/t i i
HEE.

PAFE R R s e W, RIfAE AP I STA
FEAA T, EARNKES (FNHE. FiER
%) BITWAEARRNWBE R, FrLlomixt AP
Il STA HRE A A IFTICHE. 24 STA 5 AP Ry EL5E
FEBSAE 10m LA B, 0 I 2 3t /)N EL SR
B, IR H SRR AR T AR (Heln STA A1 AP
ARG 1m), R E A A, X e FTM
Ik 42 P A R D R 2 IE B S s, R
R T A e T S O s RN R (e, Y
I B 2 B B /N T 10m B sHes , 7T IGA K STA 5
AP f77E LOS RYRLZLFREE, [k SCakl i 2 i
A 1] 5 B Rk o 2R, T I S S B SR B 2 )
FEAEE AR B R FE S IE R R, X i
B 22 L SR I, Rt 0B 5 T e i
JER I HT 10m [ LOS $udi , A H B SERE B8 5 I
PR AR R, IR S B SEPR Y RE S o .
54 HETZE4PAPKBELLSHEMELR

A EE TR R A T R4S AP 1E N
VTR E TR LLS B AT RLE AL, Kk
AR ARAE 5 A TR B AR bR AR AR, TERT LR A
BT TR LR, LABG IR R A AR R R B AR
A

O R WU R 2. e T A AP
7 B B RN 2 A% 25 AL T LA 15 30 4 I 1 L
Pz AP LIRZSIERE , B B Atk /N — ek,
P TE A0 R R, BRI 45 SR /N AP B AE
Shy B v A R 0 R BB, e g E
FRERP AT SR Y STA BUHLE N AL 5.

Bk 2. BT RAE APRRE LLS Bk

B AL AP RLE (%Y S IIEERE S, o BPRZSHERE T
. STA HLRE LA AR (Xo,Yo)

1 T HREC AP G (F B dis=[dy,dy,...,d;,...,d0)]

2. B min_d = min(dis)
3.FORi=1ton, DO

4, IF dis[i]==min_d, DO

S PL(Y)5 o B A B4 2 LLS AERE A, B
6. FHEIERL R X = (ATA)TATB

7 RETURN Xo, Yo

8. END

9. END

55 EMEZFEOERER

ALY B R R 2 DL A
kAL g B R R AL, R L STA 1R
(AR YT

T % MLKB BE M mT 3 e, F-AT1HE bl
WAk ACHT E T Ak OB, Ak AL
R R B R s e T D R EE N E
Nidme R, BEA R OB R AT .

(1) 5 T ARAASRAG Y B 5 %K

(2) B4 AP [ B 5 I EE AR EURAS A

(3) WPFEERILG 2, ROHLE 7 AL bR 5

(4) BEEAEE, HAAAE, EEE;

Hor s 2200 AP EAR B 2445 T APIYF
T a2 (] As by, W0 FE A B LS 1 IR 25 SR R i B 4k
PRI 2, 256 3 TSR 114 B A% s %k
DEAEA. 55 4 25 kA = 7 R o7 s B
10 KW, M SR EwER)E, A CA R RE
%, LR o A5 AR

6 MLKB &%5Ri8 5iFE

6.1 RWMESHESZTHE
6.1.1 FTM il B8 42 X

2435 Ranging Test Z ), {8 v JF 4 il 2
M S UG TR, R T BE VR 0 AIE 2 Y FTM A i oK
FORG BEMI BEACR, , FRATTIR B AE WS e K2 2 IR SR
RS A E R 64T S 00 B50He i A 4 . %R 2 - T R
JE/RVLIE 8. i T RIE STA 5 AP 2 [a] BLSZ i B
AR SR, FRAiTLAGE AR HuR% A9 95 ( 60cmx60cm )
H—ABAHATH S, IFEREA R R EE STA 5
AP 7E A — /K B (T Hem 60cm) .

B a BB BLARSERT R . B XY AR R,
4 AP [ E7E(0, O)Ab; HURBEE T M 45 L R 1Y STA
MRS ST, A3 BT X AN Y Sl E 21 Sl s ps 2
PLEAT#% 8, 5 = SE Y STA Bl it &
Yl I 2 il e ok B AT RS B, RS VR HEA
AB49-2 J55 [1] T 78 1) 53 # E JER $c e B AT RS 5



576 it A

*M 2022 4¢

,|H ___,,_{N\J:“N_T\IHHHIH\IHHHHHHI‘,A,LE\_[_M:
S 1= M e

|-

i As3s
5171
| H ﬂ
L I |
asiz2 nsirz 3 L] | mssez asssslassst | [
X N o] e o S e
o e o e

Kl 8 il FTM A o 2 7 H-F- i 4]

0

) P 42 M i S B sh B S X RE R sR AL s B
Ji FEBE— AR AR AL 1000 20 REE .

VERELL I 3 457 R Jhy B 48 4 37 b 1Y Dt PR
3 GBS A HAT A B AARIE, BERSIRERE N
AW IR R R 2B, Hod X Rl E Y E R G
BEiGY), STA 5 AP ZEIJTGML&BHMS, J& FM4k
(LOS) ¥5%; Y #T7E R EMEFE STA B ahid i rp
BB PR A A AR, STA 5 AP ZIAf71E5
RERg, B TAEMZ (NLOS) FRES; 55 i35 £ 8 i
2% STA #shidfeir, STA 5 AP Z |8 Fl/K &
B R0 G [R] FR AR R BELEY | HL 24 STA 45235 5 313k A549-2
G 1) BT s BHAS 2 i ik, iR STA 5 AP Z [
FETERPERS, J& T NLOS H3%.

6.1.2 ENEMARERIESHEE

A SCHEATVEAR BB R RS B R B 4 £ 5 ]
6.1.19 /A i I BE A R4 45 5 ik, A BIEE N LOS,
% N5 NLOS M35 Al % 5 NLOS 355 | 18 45 5 7
b€ ST T e <57 S I o Ave e A R NS A R
YIOHE S TR 52800, LOS Hbe e v 54
HWEEFESENFmE LK 9, 5 NLOS MHEiE
BRI E = 5NV HEE W E 10, 58 NLOS g
FEN R E RS E NP m E L E 11 Hdoxd s
NLOS & SJ&7E STA Fl AP 22 ] iy Il 26 A7 AE o — 2K
R R P RHEY (& 10 ot FHg = Bk ); X o
NLOS & X J&1E STA 1 AP Z M IR 17 1r 58 2u 2%
RIBERFP RS (& 11 S50 FHEIMA 5, F . FTED
LA T4, BN ) .

R EENAEE L, RATEZR N LOS 54
THET 11 REES, RSB HUME, E
N LOS FREEHY B HH: 15.6m. 9% 8.4m. & 2.8m /&
i, BRRACHUR HA S0 0] G 77 A 2 A0 A TG H A
BER IR, DR AT DK RS O R A
B SE DG BE B UESR 0 b 454 FTM () 2 Ji B A
R, RSO FTM 8 7383k 35 T an 1 10 =
55 NLOS M85, R FRATTEAH [R] 45 M (B A7 AE B A4

BHPS 1% 25 P 55 NLOS A5 NI AE 70 4 RAEE T, SRR
SRS B, LIS A [R50k 1 5 A 8K
. WA MR NLOS FRES FIR4E 12 Rk S,
KR R ECR, AE— 2 1 UE B A AR TR
P () R A5 PR 5 T B R 2 AL RE 1. A T4 AR R
P 25 SR RO A A R A 52 4, AR SCEE R AL SRR AR

£7 100 4lEMEE, BHEMBIEAIES1 AP
F| STA By A5 B, SCR I TE IS 100 2R
B (1) - 24 T FE ) E] 2 4~5 FD.

(3) EN LOSFREEEM ST (b) 25 T 1A P (28 A 3877 R BE 4R
Kl 9 N LOS HbE e il 45

(b) %W?E@(%;ﬁ%%%%ﬁﬁ)
Bl 11 = N5E NLOS # B E N S 437 =

388 2 X N 5 1) 43 B R M R b R R
&, TEFE T 2 RS0 IR B T B RS A Rk S
TR S, BRERREWT

(1) TELMZALT 5GHZ;

(2) FTM Request iR A2
cf 4bF 5500-6000 2 [i] ;

(3) A RAEA FTM burst #4205 . 100 7K ;

(4) ik, &AREMRKE=500, P&

spb=5, asap=1,



34 JER A s TR I )00 ) Ok 0 2% 3 P4 E i R eI S 577

LR (E=10"%;

(5) BB KA. ZHGERTE LLS Rikai R
A[-10m,10m], Markov_chain=50;

(6) ek SHGURETE LLS FIES RN
[-10m,10m], n_iter=100.
6.2 MLKBZRGA{TIHIT(L

AR EIUE T FTM 0 BE AR e 0 B A
JZ, ZJEXF MLKB HARZ OB IEAT T3 45 BORIT
i, LSS UE A BT B T B AT AT M FE S M. S Sk
R MLK B 53325 AR B 1) 5 00 2 412 T8
e, BATHER T s h DU S5k o i B B, AR
URIE TN KDE B8 FEAG TR | RIS 2 IR |
T B4R AP SR LLS HLE AR HUR B F i) R AL
ALY H AR B T %8, BRI &R

B SE DK B 25 0R, H B n HGE R MLKB
Bk
6.2.1 FTM il BEALHORE B 50 0 PEAh

ST b A AR R T N M, AR SERR I Y
AR, RS N2t UK S5 %T STA il
AP HRLL 77 A 40 A0 A 0 % B I 7 A R B
e rp S b ) 3 DL P 12,

Fl 12 FTM 00 K de % 4537 5

N TEUE FTM e N IS 2R IR P2 AEk
BRGNS FE B BECR , FATTX =2 HA STA/AP
MREK BELAA QR R A 18 JBR ) 1R AT 1 I B 1

A, M= AGERE) STAIAP PR BHAS R B () 45
TR AT 43 AR5 oy TC B0 . 553 B A R 988 s At PR B
Horbi X A% ol A T D 2 1 502 AR Ry JC e 0 JRR
i Y RS S AT I ) E ARy S B AT B, RS
2 10 5 3 A 1) T JER AL DAy i B JRR
T A0 OB SE = 4R JER Y EL SR B S5 )
HIFE Z AL R, XM TR2E & LT
offset =real _dis—mear _dis (12

Hrp real_dis /8 STA 5 AP Z Ay E S,
mear_dis /7~ STA 4 RTT 11545 2 40 & fH .
PR e = 2% R 17%) L 51 B 5 0 kB = T )l A 1%
2= offset 5 X} 1 i) B4 A7 sRACUL I 13.

TE 55 FEfsE R, A {E offset il 70 A 3% 3 7E-2m
F| 2m Z (6], @ik 5 JC RS R B T offset 4T %)
W, TTRLRIIRZETE 2m LLP IEORE Ll & F 0 ps
B g TESR R E R T, HE offset #Y43ii ik
FE-10m 3| 2m 2 [8] H 2B 5] 046, 78 NLOS 31
BE T I B 0 . BAPHFEE N LOS T T,
DN 5t B8l A% 152 2t AT #20 50% AL HE 7 1m kS
FELLN, T3 N R A7 i A B, PRt
TR B KGO BE K 23 T R M.
6.2.2 KDE %% EEAf i1 id B vl

FIFIAZ B BE AT, FRATHEAE %% B e R B 1Y)
W52 15 25( KDE pRBUEE(E i A AR bR Wl e 26 STA
iz AP BMIFEZER. A 7E TR PR T B R
BN 0.6m AbSRFE S 1000 2B, FFAZ 2 R AL
FFARAF I (A S A 5CR WL 14, B AR AR J2 1000 Y
AR IR, HAAR R NER .

R Y i 2 A P A T 0 LSRN T
SR FHT- 289 {0 o 8 ) e A8, FRATTRI = 5%
B i PR L R N AR BB, o W AR A A A
THIRAS 21 A I 2 R X T 4 0 o P S T T

ToRERGE B 553 I T2 B SR [ T3 JBR
C C 1.0 F
MO — e s R —
0.8 b == HYEMERE 08 L == HENERE 0.8 +
4§ 0.6 - e 06 - iﬁ 0.6
K 041 %0.4 - X 04
B Bk Bk
02 02 0.2 — R
0r; 1 i i i 1 0 ) | I I 1 I 0 '1, 1 -|-_ 1*{%@“@1&% i
-2 -1 0 1 2 3 -8 6 4 -2 0 2 -10.0-75 5.0 25 0 25 5.0
MEE WA IR 2 (m) WP RES IR ZE (m) MR IR2E (m)

K13 = ZkaE T BY-F-2 5 v (B o B B RS DR 22 offset SRR bR %K



578 it A

EE 4 2022 4F

FLSCHRRS BRI o5 L, rh 1A 13 e BP0 b A
HRELIN R BB A R 22 AN R, TR AR SO~ 24300
PRES O LB &, 452 R LR 2.

20F
e
15 ot MO
5 sk i
¥
E
0.5
0 1
-6 -5 -4 -3 -2 -1
WIRERS (m)

Kl 14 FLREEHE T AP 5 STA B2 B 7E 0.6m AL iy4%
BN RE (EUOE R SRS AR R AE IR S
L)

% 2 KDE EEMITTEER (FRBERIRETRE
ENEEEAMTFEANSREEIHEEIEE AL

M R s SRR P b
JC K i R 122 166 73.49%
55 55 A9 7 JER 54 113 47.79%
iR R it A JHR 24 112 21.43%

Al DL R BAE TORRAFIREE T, A2 ) B s o
TN LS RE B R8s E B PTiA 73.5%, TR 5 REAS
W T WA 47.8%0 % T L gy, BEE
T P58 1) 52 T 0 A S i, A% 280 R ) o B B AN T o
AR, TERBER IR T AUA 21.4%0 5 51 8208
HAHE, S TENEMMEL RIS, AP 5
STA Y RRZE T A 18 PR 765 308 B 7F TG e A5 559 e A 2R 5
T, BPEALFE R FEAFIAEE T (0 B A R A
RERE S ), 1% AP BIIIEE “TTmk” K2 KA
SRAG TG H bR R gL F 5 30554k, RILZE=E MK LOS
WEEF, R B A A AR i & —
.

I JE BATRE A e 5 [ 4k DL 3 Bk A 4G
5 UEAZ 2 B A T 7= AL B 3 SR 5CR,  H AN DL
=RGRibet vy S EVSY 37 /1

(1) 5 FTM AR A5 200 B B B 4R

(2) XFECHE S TEAT 3T RIS 00 B B A I 25
B BRI A B0 2 ME (RO E 37 S50 A 52
B MR AP BN IE 45

(3) ¥4 AP 1yMFE(E BACAANR Lk i/ NE
AT E L E 7 25

(4) FIHANE D30 5 vk o AR A de ViR
22V FRE (A (5)) BEE N4

L F ) KDE &% AT HE S S B R P 3R
25 AP RYINEEZE . FIHFE LOS¥REE (B 9) F
PR () AR AR, 49 B GHE RS 0 7 1R 25 R
A3 A BRECANE 15 FiR.

AR, YRR DU Hire 67 S A B A
HREUG, BERER SR T RERT, FER
ZM 1.90m FFER| 1.42m, i KiR2M 6.20m F[%
£ 4.54m, KRGO R 5 FE N 19% 17+ 2 29% 74
. H IR TR FE A TR ) TE A

1.0 7
_______ I
0.8
i
i 0.6
=
Bk 0.4
ol L E 2
' —  WnHREEZAE T

2 4 6
REQLIRZE (m)

K15 B2 BEAS TR B2 £ AL

6.2.3 ZRMEHLA S EREIEAL

TEZAEH B PEAG Y, 1 5 T 2 E I S ik
LOS $85 T 2o P04 0 Al s B, I I A S
3 3 T D B A AR . AR L 6.1 1 R R E Y
JCRERGE R B, A M T R S S S A
fEXR.

T X SRS Sl R4 A JC RS JER 5 e 4
FULE 16, LR PRAESE N LOS FREE T, FLSLHE B

150 -

—

(=

S
I

PUREEES (m)
3
T

0 510 l(I)O
HSLHES (m)

F 16 JCREASE R FINEER S EEE LR (AW

H SRS R (K2R kR S R FT 1000 7K FTM A 30 & )



31y

JER A s TR I )00 ) Ok 0 2% 3 P4 E i R eI S

579

FE 60m P, I PR Sk /) 5 FE 60m 2 AN i BE
BT 28 m s GERRE)RACN . M S5k i 5250
WIS R ) A THRRMMZE, EXEEST
100m &, 0 B A Ok A R

I, A LOS #45 AT 10m ks
Bl AT RAERLA AIIE , BE XA 52 86 v i 0 T 0
ASUSACRH-17 g% i 5%, >4 APl & i 25/ T 10m
PR, A5 S0 B R A LA 2 IE AN

mear _dis' = (13)
0.8956656* mear _dis+1.51254636

SR 2 TE 4 SRR B R AR SR K 8 1
TEZE N LOS M85 FUIZRAg 5], XF W A% 5 59 24 1E
ZHOMIE]. 24 AP Al STA BHES i IER; (40 10m) A4
SR ZHEHPATIIA TR, N2 Edh T AP
STA 33T 5 SO i i R /N E: 28 02 H B 60 (i 1Y) %
M. — B ATIA N 24 AP I STA st it it ik T LOSHREE ,
LRSI 5 R 37 28 N R BRSNS HLW T IRI 2
RIS T B — WISk, ZIRME ] BiEE
RIS R A A SR R B A BT R 2R R
Sk, BRsE R4 10m LN ISR AT, S a3
numpy.polyfit £, £ 56 3iE Xt R #h i 5 i Y254 3s
T 5¢ AL

B T R AR e Lt T 2 FE 2 AL
AU, BIE TR 2 AR A i
g L PR 2 SR A FEAE B, XF/NT 10m Al 4G R
1T AN ] IE. 15 20 e RS 9 AR 22 B
PRECANIE 17 FiR.

1.0 - / _,’
0.8
&
E 0.6 - ===l A
&K DR TR MRS
Bogt
B
02
0 1 2 3 4

SERIIRZ (m)
B 17 e PEILA S 54 1 25 PPAG
MHE— I ALPERLS S IERR UG, BRI
ZRGEIE— LT, F¥RZEN 1.42m R R
1.33m, KR 4.54m FFEF] 4.10m, K GKS
B b N 29% | TF & 38% 4 A5, HHERIE T 4k
PUA 2 IE AL ) IE A M

6.2.4 FET X0 AP RES Y LLS KL AR HIEAL
16 LLS HLE AR HO TR [6] AP 88 Sk % Jak 0
P HEIE R T R PEAG T ik, ARSCIERE T E N E
Yse (E 11) FHEER W —AZ LG, ¥
AP HRIRZASHFFICA LLS Bk, 12008 41 B HRAE
mF.
(1) ARFN AT STA HIFREM B SZ AR A (8.4m,3.6m );
(2) % 4APENL, AP IALHR 57E spb=5 (%
BRI burst Y FTM JHE K ERECH 5) B
R
APy: AskR (0m,0m), &2 8.619m;
AP,: AiFR (3.6m,3.6m), I 4.4342m:;
AP3: ArFR (14.4m,4.2m), MEREES 6.777m;
AP4: AiFR (15m,0.6m), I+ H 2 6.4166m.
TEA A LLS VL IE T #RAT, K 4 4> AP 235
FE R0, £ 20 ) 4 AT AL AR 2 R L 3. Hop
H—AMER X AR, 5 TAMEN Y bR, il A
o AR AR B AR BRI RE S, R B RESE A AP
A Ay Bk T s 1 00 A A 55 B S A A (] A B RS B
UL, IR T e RN e S /N AP AR R K
AP )& .

F3 EBELFRAPIEABBIMELLSENM AREMEE
fIER (B4 m)

A dR X AR Y #5122
SRR 8.4 3.6 0
AP, 8.40764901 1.98487084 1.6151472721817928
AP, 8.19073576 2.27717632  1.339273687679826
AP; 8.24489388 1.30565413 2.2995827620782667
AP, 8.42463526 1.43097352 2.1691663760478264

B Ja AT AR AR e 5 RN R ULk sk b A 7
WL, APK AR TR 3 AR LLS Bk ek i 5
T48 AP SR LLS Bk, 380 db /)5 i g i
1R 2= 2R R AN E 18 Fik.

1.0r / :i
0.8
E)
E 0.6
& — DM TR LA+ B 4P AP
& 04
Bk
0.2
4
ENLRZE (m)
Kl 18 F:TF 548 AP SRHE LLS 5 pLBHURS B 1 25 PFAY
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Mk — I AFET 548 AP SRR LLS Bkt S Y | R N !
LG, MIRIREREE -SRI, FHiRZEN sl
1.33m FFEFH] 1.13m, HKIEZEMN 4.10m T [FE ] ”
3.90m, KYKEEEEHE LN 38% 1 FH & 43%/4 4. K06 )
FH LT T R 0 TE R b3
6.25 MEFHAMIAM Y H AT HR S B4
ATERRFE N B bR A% L, X4 AP 1§ onl Ef- DRSS AL A+ EAPAP
T AR EUEA, T RAE AT 22 H AR R ALY | MIKB RS | | |

AR, 7 HT T AE LOS PR5E N 1% 4R 45 21 (14 E o K gl
FHIE, FEET AP TEASRAE b4 A SR
offset;, LK AERAE s AL HURE I B B AR EZE std),
FRANEHE WL 4.

T4 LOSHETEMEIE (BAL: m)

offset; offset, offset; offset, std; std, std; std,
0.73 -054 -037 -018 030 019 0.27 0.23
0.66 -051 -031 -020 068 034 105 0.35
0.82 -054 -028 -001 089 026 058 031
0.64 -069 -032 -012 028 025 040 0.21
0.68 -5.29 0.64 162 019 1.02 0.28 042
0.98 0.85 -0.08 098 030 0.32 0.23 0.70
0.38 -2.17 0.95 053 020 182 041 046
0.41 -1.87 1.26 0.61 027 059 0.27 0.59
1.64 125 -011 1.00 060 042 0.20 0.49
2.60 0.42 171 -176 036 043 053 0.60
2.75 0.18 150 -154 034 052 030 091

H A SRAE Y offset 268 %I 0 i K {E L std
B e AR Y s kL Ze . mT L& B B i KA Y
VCRCFEBE W] i 63.6%. AR offset 4 XHEER A, D%
PRECHL A 1Y TR RE BB, 5 BEAR IR nT B I/
RIS RN X H AR R AU R . A
Wi — 2B T H A% sREOI AT 22 4F AR A+
P BRI ATPE DAY B S AN R E Y
AP TEDIBE TR “DTER” .

i FRATPRE 2 A He LA 0% O A AR 22 D137
Bk, WEtECh TARSCH MLKB 5k, BIYEAL TR 4
OO b bR B HE Sy T K ARL SR A T Y H A o
B BN SR 25 BRI PR A AR 19 iR,

Mk — DO BAR RS, VAR 2SN i
—BRTE, PR 1.13m FREF] 0.91m, H&k
22 M 3.90m TFFEF] 1.89m, KZuKs B & L
43% LT+ 62% /547, HILEIE T MLKB ki IE
k.

6.3 TEMNIZWERSTSITMH
AT XS MLKB 575 19 2 N & (6K B A 7 56

0 1 2 3 4
RENLIRZE (m)

K19 TR ARG T4 H B e BORS B2 3 £ DA

UEFIPEAL. 20 BI5E MLKB 278 LOS BREEFIS
NLOS. 5 NLOS #¥5 T e MR, JEmA
UL EE N E S B AN R et/ N AR L AR kAt
B MR R RN DL it 30 S A A ) B s A T
A7 78 RS BEXT L.
6.3.1 =N LOS FbE 57k (ks PEAG
HRRIE A EAEE N LOSHEE T (F9) 1
FENIRR, B MLKB Bk, KRR A Lk
BRESR I FTM S 200 2 B s LA K de /N 2557 O
FRES B E N EM SR, BRI FELREE
PR RE 1R 2 1 SR A PR AN 1] 20 B, HLAAGE N7
KRR bR XT L 3% 5 Fis.

1.0 ’ /
0.8 -
%
& osp — SRR
2l A
Bk —— R
ol ——— T
...... MLKB &
0 2 4 é
AR (m)

Kl 20 =N LOS PRET |5k e (A B Xt L

K5 LOSHETERELEMBEX L

LLS  Newton SA  Bayesian MLKB
1R 2% (m) 2.3271 1.3529 1.3420 1.3224 0.9112
Fx KR (m) 7.1307 3.5546 3.5504 3.5619 1.8853
e U85 deE B R H
j:ﬁ:ﬁgﬁm 19% 19% 19% 19% 62%

R HTT 45, 76 LOS $R5% H AR X &2 505
MEEBAEATE AT BT, B MLKB kA $20T
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6% B d AR B TORRE B, HAR A BkAUH
19% 0 B4R 45 35 B TORGORS BE B E A7 ;. IR 2
febr LA, BRSSO N = K530 MLKB 5
Peo DUMEERORAL S, ORI R R A i %
Rk, e Rt f/N Rk, Horp DLk,
HEABLIR T RN A 2 AR 1) 8 S R AR
Q0% L HE IR B T 2m 1Y e ARG I 5 e e/ 3R Tk
AT BT 57%EIE RS T 2m B NAE . B
1100 7% E i A9 8], MLKB Bk KiR2E )8
s rh /N, k%] 1.8853m, AhE Ik Ak
I KR 22 W 2 TR KR A AR AR, ek
WREA LT 3.4~3.6m, LM/ R RKE
PR 2ZENFE 7Tm 2Z ).

PRI 1M 3 2o A 7] L OS PR S5E B iR 45 T 10 22 84 J3E X6
e, AT BB A4 R, B T MLKB 5
DRGSR, HARBE LSRRI A A,
6.3.2 Z N 55 NLOS F8 50 & (kS B PEA

AT I EIE MLKB R 7R = 955 NLOS 5
T (F 10) MEMRER, SEIEEHN 70 P REES
ISR A R 22 1) RV sR B & 21 B,
ELRE RS BE S broxf HL N2 6 T

1.0 |
08 |-
&
" 06 -
4§ — SR T
B 04t LS B Y AwrS
B —— BORLE AT
02 - M
...... MLKB &k
0 i i | i
0 2 4 6 8
SERIRZ (m)

K21 = A5 NLOS BRI T 30k & ks BE X ke

*6 ZENFNLOSHETEEEZEMBENLL
LLS  Newton SA Bayesian MLKB

F-HiR2%(m) 25363 14855 1.5334 1.6038  1.4350
oRiR%Z(m) 80251 51929 52678 5.0148 5.2962
90964% i (m)  4.8898  3.0060 3.0295 3.1610  2.2290
FRMEZ(m)  1.6784 1.0721 1.0762 1.0388 0.8708
KNG
. 17% 43% 40% 38% 30%
K o5 1 i ° 0 0 0

AU BEE NENM RS NLOS s T, ¥
FENL TR ZE AT AR A B R MLKB Bk, HkGE4
kAR . IR R | DL R R R M e
TR, TERFESBR B Z MG, AU ERUE

SR X T R A3 A0l 1) 5 VA BE R AR e M, Xt
T Q0% KA S EIESE , MLKB B3 1 5 1 G g
g3k 5] 2.3m LN, AP BEERS BE I ZE 3m L B i
RRIRERR T LM/ N kA3 1 8m, HApRA
YIHE bm ZiA7IF H2EBERE/IN. KR GORS FE 19 28 A 4L
S, R RS 5 R s, MLKB B RA
R B, ANE M IRERMEZERE, X
MLKB Sk s/, HARR LB T 1m.

AT DLt — AR B 258 02, Y= N IREEAT
TE 2 —B 0 T AR5 A B AT Pt ( dnzk SC&l 10 i
SRR E IR TSR ), Ir A Bk E MRS B 2 T
R, {H MLKB 575 1 F- BkE BEAR SR 2 T A 33k rh i
R, EAGIR, MLKB B34 sk k4% T
oA B B e RO, A AR 25 2497 1.5m LA
W, BARAFIGE BRI B, (B R T bRy
WA RIS, IR REEARLE T DO kG
JERRE TS H LA A % a, MLKB k&l —
. ILAh MLKB B3 SRS R 22 5 I E T MoK
PSRRI, = NSRRI (5425 )
o VRS SRS R N R S mT LA
6.3.3 E N5k NLOS FREEE 1L G (kG B PEAh

Bl FRATTAE D 11 A RS N A AR 1 & YR NLOS
B RFE SR, S BUE LG B IE A
[ 2 NS 50 T I Az AR, A3 BRI A A
= P E LR 2 1 B R RN B 22 s, HARE
AOKE BEFR bR IR 7 R,

10 F . I T A ;
= 0.8 |
=
£ 06 L
§ — bR Tk
Bk 04 L -—= Ak
== LR AE
02 F [ Y i ix=r7d
—— MLKB &#:
0 2 4 6 8
ENRZE (m)

K22 = AR NLOS PREE T 3005 58 0 B X LE

Fz7 ENBNLOSINETREAEMBE L
LLS Newton SA

Bayesian MLKB

SFEHiR 2 (m)
e KiR2E(m)
KNG HL
P

2.0814 1.7961 19503 1.6744 1.7331

6.8882 6.1746 8.8920 4.9573  4.8850

18% 12% 12% 24% 41%
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FH L SRR DU B S oK ORS BE 4R T 17%, IF Haek
BRI — 25/, R ESEA T 2K SC 50 J5 & B DL i
W i e A 2 SRR AN P B B i R, i
U g R S (iR 25 7E 3.8m LA IN , Fe 2% I AT 35 3] 12m.
Ak ARk BB T4 BAT R, AR KEETE
NLOS FREE N KGE MR AR ik ALl R
T 2P fe /N — 3 k.
6.3.4 Bk RRE N AUR PR,

A/NTLET B =AM ISR S5 R, B4
BILERE NI T LSR5 L3 8. AL
HAn &S] e FH IR AE = NIRRT e K
DAL IR AT BT R ) 28 P BRSS9 - 3435 2 Rk 2
K B 5 HOAE R Bk 0 RS R A, RIS 5

T =R T B RO 415 25 FLESEBOK HOE R
di b, DA I 4 a pEAR S e M AIOR . B e R
Mg THEAFAS =T, &85035 FK Y
KB eHES , BARTIR RN, HEZB S K
PORSRE G LR, HEA R HR IRHES T 43 il
B, WE—2 50, BH 450, B4 3
Ay, SIS 2 RIS HA 1R T, 15
B S5 (A BURTHES S, LTI B0 W 347 1)
PGS

PR N e LA R O 5518 4, I MLKB &k
B SR IR 2B HIAE T 1.5m B EE LN, KRYE AT
KRBT IR B2 45%. FEENIEE T, MX Ttk
NIV L ARk AR L AR kAR R DL i B AA
%, MLKB BRI T S 5R (132 fLAE ) FIHE & 1
FENNGRE , 38 I o BCHEAS AT LA E LS IE MLK B Bk
A B, i T MLKB BE7E AP B H AR
PIEOL T R AT RE S & 1 MR EE IR R T P L
7 A N ERCR.

*8 BEAEEEMHBERIRGSHRXL

IR T g b S .
LLS Newton SA Bayesian MLKB
LoS IR 2% (m) 2.3271 1.3529 1.3420 1.3224 0.9112
K G (A B L 19% 19% 19% 19% 62%
. 1R 2E (m) 2.5363 1.4855 1.5334 1.6038 1.4350
%I NLOS KGE LA B e 17% 43% 40% 38% 30%
1R 22 (m) 2.0814 1.7961 1.9503 1.6744 1.7331
HNLOS K GE O i 18% 12% 12% 24% 41%
=GR B R 2E (m) 2.3149 1.5448 1.6086 15335 1.3598
=R T BTSRG0T 18% 24.67% 23.67% 27% 44.33%
HeA BB R 11 20 18 22 26
7 LEEiE 1E MLKB 75 Z0FAki v, A SCEAH ] 2 Y 7E 1 4L

AL FEHN TENZ = TET FTM K
i (D0 2 1 TE R P 2% e R, Rt T —E R EH AR
IR 28 5E SR YE T 28 MLKB, %7 5% AP [ BE %
PEEAT T RTINS FTM KGOS BE RO 04T T
IE, 45 REMTEEN LOSTEET, 05 2 0 f
iR ZEA B2l 50% R 45 RAE KGOS L L.
o 21 I B 45 SR SR IR A T A FE A T A A R 2k
PRSI, HAURIE T 2B S 5 ¥ eoh
B B, B R A #5  He 73.5%. JEx e v Bk IE
AGECRTI BAR R g, wIhA s . BRI 5K
BEEREEAT T 501k,

PRAE T X FLEAE T MLKB B3k | R/ vk .
A AR ARGE KR DA DL AL Bk e
PAEIE, WAL REHAEZHN LOS BT,
MLKB 55 32 A He D1 3r 0 £b 530 3 oK G0KS 7 4 T
43%, #H L Mobicomt® ] i il b i AE L6 2 3k AR /N
TIREERCRARTE T 43%. SIEG4E ] 4AP D
FENI MLKB 53k, 7EE N LOS FREE T 1 E ik
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Background

The research of the paper is FTM method in indoor
positioning field. Most of the existing FTM-based posi-
tioning technology research focuses on improving indoor
positioning accuracy, which can achieve gratifying position-
ing effect in a specific indoor environment by combining a
mass of AP and inertial sensors, constructing fingerprint
database, and client historica behavior information.
However, due to the complexity of indoor environment, the
particularity of equipment and the heavy workload of data
collection in the early stage, the applicable scenes are
limited and cannot be popularized or put into commercial
use. Therefore, the indoor positioning system is set up by
using common equipment with cost of only a few hundred
yuan and wireless network card with FTM measurement
function in the paper. In the case of limited number of AP,
the positioning accuracy is improved as much as possible
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and the “cost-effective” and satisfactory effect is achieved.
This paper presents a new single target network location
scheme MLKB. The results show that in indoor LOS
environment, the MLKB algorithm combined with 4AP can
achieve the meter-level accuracy of 62% in the indoor LOS
environment and 41% in the strong NLOS environment. The
research results of this paper make full use of as few AP as
possible to achieve the positioning effect of “low cost and
high precision”, which provides more possibilities for FTM
technology to achieve popularization in the commercial
field. This work has been supported by the national key
RESEARCH and development program “Global Location
Information Superposition Protocol and Location Service
Network Technology” project 3 “Glaobally consistent indoor
and outdoor seamless location coding and IPv6 mapping”
(Project No. : 2017Y FB0503703).



