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Abstract: To address the issues of low indoor positioning accuracy, susceptibility to multi-path interference, and high environmental noise, we

proposed a positioning data fusion algorithm based on extended Kalman filter (EKF) for ultra wide band (UWB) and bluetooth low energy

(BLE). Firstly, we derived the UWB double side-two way ranging (DS-TWR) model, the BLE logarithmic distance path attenuation ranging mod-

el, and the EKF fusion UWB+BLE mathematical model. Then, we verified the reliability and stability of new method through experiments. The

experimental data show that the accuracy of UWB+BLE data fusion indoor positioning is superior to that of a single UWB or BLE positioning.

Using UWB equipment for indoor positioning, the maximum and minimum positioning errors are 30.76 cm and 6.44 cm, respectively. Using

BLE equipment for indoor positioning, the maximum and minimum positioning errors are 68.50 cm and 15.23 cm, respectively. Compared with

traditional spatial four point positioning algorithms, the EKF fusion algorithm has improved the positioning results by 46.63%, 41.90%, and

42.00% in terms of maximum error, minimum error, and RMSE progress, respectively.

Key words: UWB, UWB, EKEF, data fusion, indoor positioning

HEAPTIRI AR, AT 8 1 AR T SRR
ERMERE L, EIHERT, ENEMBARGE P
MR, A T Z e AR A TF-B ™, UWBE(L

BATMAAL, B s s, BLEE M BAIRINFE .
TRBA RS A, A28 N E AL HAT JTE AT LA
P UWB HARTE S N E AL T He A, HZ3 2
AR . AEFEE  (non line of sight, NLOS) ZE[H 2
HIER , SO RS NS E , ESEPRI R
(ol R Y VA W A7 S| IS G 7 S| B2 A EODAEE VAN
e i =N EAAFE PR A R AR MRy, A
G 3 NE N RS T FERAR LA RS, W Rt 2

ek, b M R/REWERBEEZEN M S5t
ANEH, X ENA G EN AR RS, A T
HETHERI/REUEN (extended kalman filte, EKF) %%

Pafh 509 UWB+BLE 46 E N EN T, Wil
DA B NS A A v I A A 2 REEEE

N E VRS FE B H Y
1 EEFEE
1.1 DS-TWR [ UWB il g5

X1 X ) il BE (double side—two way ranging,
DS-TWR)ZETEFI A MEE (single side—two way rang-



F235% 20

#4221 F . UWB+BLE RIBRRE &R AR LS 5 R I B ARTE < 113 -

ing, SS-TWR) My3Eat FaEAT T ektt, T —wkse
bR, AR TINEEAE R, [ R 25 AN 52 [ £
SO, ASCRI Y ) A B 8 B B 0B 5 AR
GniE 1R

A A

WHB

MRAEMEE SRR, B A WK A5 ST R B 3
M Bk [l (05 5 450, o i A R A I I R
T ouman 7785 DA BRI A R Y15 ST IR 2 A
CLA [ {3 B A R O SE R I T T, #0752
JEBEAE B A (55 B A BE 8 A 3R [0 B {5 50
B REIORE AL T FR: i A MEEIEI B &
0 135 B 1 £ B o A AE R I i T
FR; (R S1ERE A FIRE B ATHf A H TOF,, &
N, A

TOF = %[(T rounda — 1, rcplyB) + (T roundB ~ L, rcplyA):| (1)

BT B 7 il R 5 A PR i 41 18] 9 A3 30 152 22 Oy [ 5
{5, B A SBE B A MR- SRR S IR Z ] 55
RN e, ey , WIAFLERHBHERS A1 00T R

BB A S B R BIR [R5 50

R FERIBT I Y T, 0 7%, 1A B IZICEN A &
(S ELR B A B E S R ARy 7
o,
i = Trounan(1+€) (2)
T o = Treprys(1 +€5) (3)

R B A MR B B AR R 22 70 5l O e, HI
ey > BT B RS S BRI N B AR o155 1d

REPSRERIRIF T, R, 1055 A IZICE] B R I
SR A BREE SR R T, FR,

T qunas = Trmas(1 +€5) )

T pon = T (1+€.0) (5)

A TERR T, B A R4 B I A9
I LEV SO

TOFAB = %[(f roundA T replyB) + (f roundB T replyA):| (6)

2Bl RN -
TOFAB = %[(TroundA - TrcplyA)(1 + eA) + (TroundB - TrcplyB)(1 + eB):|
(7)
R, A7 P IEERS A TR RS 1 22 (T Rm
s, P

Crop = TOF TOFAB - 4|: (TroundA - TrepIyA) + eB(TmundB replyB)i| ( 8 )
1.2 0B AR R Y BLE U i BORY
FET BLE (& A F 225 SR R A

(E5IRETE (received signal strength indication, RSSI) ,
171722 T RSST AR 3 7 % 30 W A of S8 B A2 T i A6
RIFIHESUE Ar s, Horoo S B AR S ps A 2 B AT 4
AT 2 H R R a8, 205 m ]
HL, 0 e T A% R 11 3 R v R o R R 2 A A% i TR T
8 R T A R AR P b e D3 — R Dk ) Y A TR] £
FEE

T RSS2 A IR 15 SR ok
fliTt BAR T S SR R Z AN EE S, RIS s
IR AR IR, — B PO B B B AR A E AR A 7
FEESRIAGTT, BN IR S o B S r sl iR
BT BORE R, R

RSSI=P,, —10nlog,,d—y (9)

[, d BB SPLZ B EEE s P, MR
REHL1 m L dBm BN THRE S Z A n N ERAR
THAETREG y Al AT BERLIR 22 .

MBS AE AR TN S4B B m A RSSUEN P, , H

i=1,2,3...,m . NI RSSUHE R IR w0 F T 22
o’ M FIRN
ﬂ:%ipi (10)
e (pn) (11)
M P, (AR5 3 bR éﬂﬂi@rﬁ
_ 1 [ p-u
f(p)—gmuxp( ZO'ZJ (12)

HAI RSSI Y 3 285 2 ok 85, AT ATHARHAE X
] (n—o, p+o) WHEEE G SRR 68%, ER
B Z 500 RSSHBETE X ] (u—0, u+o) N, EIHEIR
BN m A~ RSSUEHES 7= Wi 1ok, SIBRTE X [R]ZR )
RSSIA, XF X [H] P9 A9 RSSUEAER AR, 1E AL
Ja R RSSI{E, BR

3

(13)

ST
1]
S|
]



. 114 - #3229 (5 A

355 24

N}
§

Ml (9) ARy SR A FE R Al R 8 -
A-RSSI

d=10 '™ (14)
A, RSSIFENAY RSSIE ; A Fln NH %
1.3 EKFRA &3k

EKF @il & (v SR 3 1 R /R S 8 I 1 S A

L Jf e Rk A PR LR E RS, EKF A &
Gi (1 8 71 2 4SRRI S A £ L L 3 I A R B
HUR, AT RGENCIRA, FEAR PRI N
PEFIASE BB 8 PR TIRAS R 2250,
M SE A A . 75 EKF H, ZepEfb e — sy
R, AR R SR A P R AR G A LR
M), ASEbR i RGEAEARIELR N . Wit gtk
FoAR, KA T T A R e MR, fli R R & 8
WA REN A PR LR M R S8 . EKF @il A 0 57k 1
SUE T BB A U Al & 2 M IRES B, JFHH
ARHALHIT R R 22 . @ 3d FHL BLE ZRICRSSIHE Al
UWB A0 FE P ol X 000 2 I A8 o D 78 4 iR
BLE JUEE 25 52 R PRASFEAAS R O] 2 SN -

X, =AX, +W, (15)
b, X, FXORE AR AR [x,, v, . 530
MR EARAS e R A ER A oW, e
LA E 7 I U Iy 2256 0 @, M RE M RS 3 AR
LI E DT A Q, MIEBUE ; FiFF A FRaE
SRS .

A:Biﬂ (16)

W, T R R AR B BRI ]
VIR EARAS T [,y AR/ D SR
PEATRAR, & LRGERM R AT
Z,=h(X,)+v, (17)
K,z R, R AR A 28 A R vl Y
DNEEBE B 5 h(X) WL NAE B4 5 v, SN
h(X,) FTRIR A

h(Xk):J(xk —xAl_)z-i—(yk—yA‘_)2 (18)

EKF 735 T A1 557 2 A4S AN [ B B b 28 37 5 ik

i, B, EKFXPRZA R X, FiR2E )
Ji 25 p, BEATHON, Ber iAoy

X, =AX_,=X_, (19)

P =4P_ A" +Q, (20)

TE ST BB, LI EI 5 4 I i e i Z, RIA] gEA T

OB, HORTBTEC— R R RS g, RS
g A T A AN 2 E SR AN E S Z L, BeAak
SEWIE

P

=

H,=p.H/S;' (21)
K, 7 OWHESCHATII N E S, RN
J7 ZZHE R R IR
FIHAR IR 2 1 g W IS 3 A B 5 8 il i B
FfE Bas Ak, TR EHRREIT
X, =X, +R, 7, (22)
X,y oNIHERR2E . EKF e — iR a2t 2
MIHHT, BeeRik o .
P, =(I-K,H,)p, (23)
Kb, T ORAIHRE.
2 EeAHRRT
J T KA SCHE B UWB+BLE Fil 480 0K 1 M
SEVESEAT 0T, BT 4 A RS I EA T X EL v,
FEOtingR 1 os, SRR ERE 2 s .

ES = WREL (ER7S
ES 441 UWB -
EY 440 BLE -
VE X 24 UWB+2 4 BLE &5 25 (A1 DY 35 v
EX 24{ UWB+2 4 BLE EKF
B 10m b2
' 10 m
KA E
bR%3 bRss4

22 1A[ A1, & 7 X% UWB+BLE fil &35 v 1 7] 48
PERDRE AT 00T, S T 44X BESEES, &1
FJ5 % 2w b Boph (i UWB 1 BLE B 5E (RS B A T3
i, HRIMIGEAGIEXT L AHIA S TH =
E RLRl S SEE S SR G RS B . S fE rh
TE B 4 A bR 27 B A Jr S8 e A5 S o i %
FESEBG I M AR IR 10 DA A B UEF PR I, A
[7) 77 G (VA 22 45 SR AN 2% 2 i o



F235% 20

#4221 F . UWB+BLE RIBRRE &R AR LS 5 R I B ARTE < 115 -

s R

BRI E2  NE3 ke
1# 6.46 22.50 7.50 5.20
24 7.20 34.62 5.61 341
3# 30.76 68.50 21.64 11.55
4# 6.68 25.81 6.24 3.34
S# 15.51 19.52 10.20 4.35
o# 7.66 15.23 4.65 2.51
T# 6.44 39.56 4.32 3.30
8# 6.50 18.55 4.21 3.35
o# 7.74 22.60 4.50 4.00
10# 7.76 22.24 5.20 5.10

3 HBES

H TSRS A R R, KRS R KA L /D
i, ¥ RiIRZE (root mean square error, RMSE) 1
Sk B R AT Ge it 43 BT . RMSE S i 1 2 v v B
P B Z m 2, AR

> o= ()
RMSE = i=! ~ (24)
A, x oy EESRI R AR x o Yy R
ELSA B AR N W ES . TR AL DX ALY
IR 100 4> SHEA T BRI, R BE A e A R
KIPR,

RS x5 — ﬁf AT
K 52N RMSE
ES 30.76 6.44 12.60
VEY 68.50 15.23 32.54
%3 21.64 432 8.97
VEL 11.55 251 5.22

3 ATAL, EIMGRANENREER T 1.
HE2MENKEE, UESE T UWB+BLE MU =
PN RE L RS B A0 T 88— UWB 85 BLE 5 7R BE . i 1]
UWB G HATENEN, ERKIRE ., f/IMRZES
#930.76, 6.44 cm, ffiff BLE & TENEN, E
P RIRZEE . RIMRZE I 68.50, 15.23 ecm, F: T4
G [a] PO 5 S5 1 19 UWB+BLE [ 58 A7 e KR 22 |
B/NRZ . RMSE M0 21.64, 43, 897 cm, [T
EKF Fil 4 875 1 UWB+BLE 4 58 07 i KR 2% . fe /)
. RMSEZMHIM 11.55, 2,51, 5.22 cm, #E—#F
52T EKF @G80 UWB+BLE 20 & 8 74 12 3w

WIS B AT R BT ARG As 0] DU a5 e AR
) UWB+BLE [ & i 45 53 L B— UWB 22 {if RMSE {E 2

T T 28.82% , It B — BLE & {if RMSE i & I T
72.44%; BT EKF @il 582 0 E AL 45 R LB — UWB
ENL RMSE {H42 T T 48.87%, H 28— BLE &/, RMSE
LT T 83.96% . 5 1% %525 a] DU o5 A3 S VL AH B
EKF @il & 5805 B AL 45 RAE B KR 25 . I/ ik .
RMSE JEEZ /3 54T T 46.63% . 41.90% . 42.00%, I
R P —HUESE T EKF @5 5957 UWB+BLE 41 &
FENH T EARR, AR IS SR LT

4 £ i

FEXTENENMATEAR, 52 280N T
HEME RS R IR, AR SCER Y — P T4 EKF 1 UWB+
BLE (5 ml & 50k, 8 i S0 50 T 5 1 nl 5
PR e M R, UESE T UWB+BLE (4 ail &
55 N SE L RS E AL T B — UWB 5 BLE & (RS B, iE
527 EKF #4876 UWB+BLE 20 4 & A7 H 8 JAL
B, AR IR ACR E

2E

[1]  F55%, FE0, T2R, 5. AT/ME/UWB A4 FATH
REZR[T]. MeFF5,2023,48(6):49-58

[2] B4k AT UWB/WIFi S50 1K TF45 T 7 e & M 2424
ARBR[D]. TR FRKF,2022

[3] FEE TR R R I B A5 A [)]. H B AR )
12 8:,2017,15(6):26-27

41 R &, S, E —FE AT/ UWBASHE N T
4577 iR [J]. SALEALFAR,2018,6(4):29-34

[5] fthgsh, ImsiE Mo, 5. JEABEIRBE T £ T PSO-SVM #»
RAIM # UWB 4275 k[ J]. MZa#5,2023,48(4):1-9

[6] A&AIAT. A g =49 NLOS UWB = R T ALHE E 5
T, HFL = A 42 6. ,2023,21(8):86-88

[71 Z9use RE RBRAME ATAERY EFREELEY
UWB-PDOA - i%[J]. Z kit K 5 LA F R (F 3R D),
2023,14(2):33-39

[8] MkaAX. B F RSSI# BLE 3% & 5 M Ml 36 5 % A 5 B 5%
D). 7MW MK ,2023

[9] EHHL UWB/E T 446 F WATAFAUE AR BF 52 [D).
T AR EAKF,2023

[10] Z#E#. A F UWBAeBLE #4669 F W 2424 R 5[D].
JEITETTRE,2022

(1] &4, 5087, 4%, 5. L T % EKF 49 IMU 2) &4% £ 47
F]. B FAEALR K F 54k ,2023,55(4):718-724

[12] &KFH, Bouik, 5@, 5. AL T2t EKF 6980 FAL 0
SLAM @k 4L iE[T]. e R 53 ( A R A5 m), 2023,
44(5):536-543



