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Adaptive UWB/PDR fusion positioning algorithm based on error prediction
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Abstract: An Ultra WideBand (UWB)/ Pedestrian Dead Reckoning (PDR) fusion positioning algorithm with adaptive
coefficient adjustment based on UWB error prediction was proposed in order to improve the UWB performance and reduce the
PDR accumulative errors in the indoor Non-Line-Of-Sight (NLOS) positioning scenes and solve the UWB performance
degradation caused by environmental factors. On the basis of the creative proposal of predicting the UWB positioning errors
in complex environment by Support Vector Machine (SVM) regression model, UWB/PDR fusion positioning performance
was improved by adding adaptive adjusted parameters to the conventional Extended Kalman Filter (EKF) algorithm. The
experimental results show that the proposed algorithm can effectively predict the current UWB positioning errors in the
complex UWB environment, and increase the accuracy by adaptively adjusting the fusion parameters, which makes the
positioning error reduced by 18. 2% in general areas and reduced by 48. 7% in the areas with poor UWB accuracy compared
with those of the conventional EKF algorithm, so as to decrease the environmental impact on the UWB performance. In
complex scenes of both Line-Of-Sight (LOS) and NLOS including UWB, the positioning error per 100 meters is reduced from
meter scale to decimeter scale, which reduces the PDR errors in NLOS scenes.
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Fig. 1 Flowchart of UWB positioning algorithm
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Fig. 2 Flowchart of UWB error prediction algorithm
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Fig. 3 Framework of fusion positioning algorithm
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Fig. 5 Analysis of features affecting UWB accuracy
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Tab. 1 Sample features of UWB error prediction algorithm
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Tab. 2 Comparison of UWB prediction errors and real errors unit:m

Wit U 2% FPRiR2E MSE
EXUST5 0.2380 0.246 4 0.034 1
Heyfise 0.2389 0.2318 0.019 8
— e 0.1772 0.1802 0.019 1
HL 55 0.1952 0.1914 0.026 8
JIREENES 0.4342 0.485 1 0.0425

FZR 2 AT LU Y BRIE AT IR N 2% 2 0 8 J L i % -
B, T 152 25 15 SEBR 15 22 1) 25 /N, S YA 22/ F 0. 01 m,
WAL 2 E ] (53572 0. 05 m B PR 2% . th4bh, %35
S MSE 340 AR AR 3 IR 3B T A SC SVM [T A5 08
Xof 5 2 TR 14 ] P, ol 22 1 WO it — S b g 1
A N Al A S I S i S
3.4 UWB/PDR Bi&MN Bt & E AL 1ERE S #T

AW 2 B 3 Y EKE RS S 5 R T
TS A v, SR 3. 14 v R o A7 B A 38 4 B I 246 7 S B
Y s AT 64T 908, TR R 3RA 4 LOS 5 NLOS 3 & vh
B S AN R R, o S A A PR AL T - S50 — 1 AE UWB JLIE
NHEAT 2B AT I, e S0 N 5% 5 00 D)4 7 20 B 208 1] 1) S e 52
2, X Z RPN E A D S S IR 25 HEA T LU 5 00 M 5 S
TAEALE UWB AR Py SRR AN ) 2 J == N st p A T e
SEAG R T R S 1 R ARR 22 LATR 22 AT R I
PR FAE B S W E A BE o IR Ak, SEBR K18 A — IR AV
ERA TR 4TI CRPE 7 B3R ) | FH 6 98 55 7k ) S st
PEo Bl 6 M S2H A B TE UWB JC 4R A4 I8 2% v UE 4T 25 17 5
LY BS IR A .
3.4.1 FHh—

SERG— N AE UWB R P9 04 AR TR T8 Bl 4 7 5 P (&4

133 m) B S258, T 50IE [ 36 N EKF L X UWB 2 RO 1Y
BIEAEH . S50 N G347 E BB A48 T 8 B S S s B
PR FEL I T4 X8, DA R 5 A5 RS B T B X 8 SR 2R
FHAR SCHE H A9 E 38 N EKF f@ilva B9k, S0 5 R R4 T Y
B UWB 8 7 50k AT E B 5508 (& PDR 353k i AT kL
W, DL KR H IE N R B R L EKE Sk LA AU R AT
X o

Ko SLEaI IR A
Fig. 6 Photo of experiment environment

P17 Ay fe AR SCAR 1 ) il 5 58 1 5 A f T Rl 2 30 )
It PDR 5 UWB JE (o 535 X Lo , a7 3 A 96 ) 25 ) 47 o
&7 AL 46 SEBR 1947 B0 L = A UWB R (1937 % . HH PDR
FOEMER R BE  UWB B H BE 2 A i B0 L ML EKF RS
743 1938 SR 5 A& N EKF Bl S RS 8 0. %3
R AR S G 2% Tl A7 5 VR B % 20 BE SR L s I T e 3
Pl 8 S AL A5 3k 9 18 22 WA T BE S 9 22 4k, FLrf PDR i
WRZE R TR BATEE 4 .

10 -

| zprtik
——PDR

« UWB

o FIEMEA

5 G

«

K7 258 LR PLL X L
Fig. 7 Trajactory comparison of different positioning algorithms
®3 BEMAFERESEHEMESIT

Tab. 3 Errors and running times for different positioning methods
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Fig. 8 Error changes of different positioning algorithms
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Tab. 4  Error comparison with and without fusion algorithm unit:m
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