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Research on UWB Positioning Model Corrected by Non-Line-
of-Sight Error Neural Network

LIU Pei-yuan, WANG Jian, SHENG Kun-peng, HAN Hou-zeng

(School of Geomatics and Urban Information. Beijing University of Civil Engineering and Architecture, Beijing 102616, China)

Abstract: The non-line-of-sight (NLOS) environment is the main reason for the accuracy degrada-
tion of UWB positioning system. It is difficult to establish a correction model by conventional cal-
culation methods because of the decrease of ranging accuracy in NLOS environment. In this paper,
a robust UWB positioning model based on back-propagation neural network correction is proposed.
By using the adaptive learning method of back-propagation neural network, a robust UWB positio-
ning model with NLOS error correction is established, which can improve the positioning accuracy
of UWB in non-line-of-sight environment. First, the UWB ranging value in NLOS environment is
collected, the coordinate sequence of UWB in NLOS environment is extracted, and the error se-
quence is calculated. Then, the error correction model is established by back-propagation neural

network to predict the error correction value of the tag. Finally, UWB positioning is carried out by

I 5 B #7: 2020-03-09; #&1T H #3 : 2020-03-15

HEE&WB:BRXARPEHES (418741029)

YEF B X (1994-) , B L F R A, EENF UWB % P E 7, GNSS £ [ 12 300 7 1 A 5%
E-mail:674486937@qq. com

BEER: TR (1980-), 5, #42, H 8N T 8 B AR R FH B 1L 9 35 X6 b 56 A W D T %) A 5

E-mail: wangjian@bucea. edu. cn



94 ALE £ 5

2020 4E 5 H

using UWB Kalman filter positioning model, so as to eliminate the influence of non-line-of-sight

environment on positioning accuracy. Compared with the polynomial fitting model, the model pro-

posed improves the precision of UWB ranging by 46. 8% , positioning accuracy by 43. 4% , and po-

sitioning accuracy by 28.2% and 26.2% respectively. Experiment results show that the back-

propagation neural network has a good effect on the error correction of UWB NLOS positioning

model, as well as a significant effect on the correction of UWB positioning accuracy.

Key words: Ultra-wide band; Non-line-of-sight; Back-propagation algorithm; Neural network;

Kalman filter
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Fig. 1 Schematic diagram of non-line-of-sight error
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Fig. 2 Non-line-of-sight error mapping
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Fig. 12 Polynomial surface correction model
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Tab. 2 Data statistics of inspection points

Al6  Al8 A30 A32 A34

SR/ m 5.39 5.00 7.28 7.00 7.28
AT I
;\;f};g U A / m 5.73 5.36 7.74 7.94 7.96
BIERT R 22 (A /m 0.34 0.36 0.46 0.94 0.68
B IE 0 B/ m 5.50 5.10 7.36 7.07 7.37
BPNN
. MOEGARN IR %M/ % 2,04 2,00 1.10 1.00 1.23
o
MOF R4 IR /m 0.11 0.10 0.08 0.07 0.09
B TE J 0 B/ m 5,10 4.74 6.90 7.43 7.68
EZ2iiEy . o - - -
A MOEJE R IR M/ % 5.38 5.20 5.22 1.86 1.10
WIEF AR ZEM/m 0.29 0.26 0.38 0.43 0.40
B IE JE DU BE AR/ m 5.24  4.84 7.01 7.45 7.49
22 THI PR 5K - ,
N WOEFARNHR2EE/ %6 2.78 3.20 3.70 6.43 2.88
=

E G4 R /m 0.15 0.16 0.27 0.45 0.21

2 vh B S B R RS O ik 5 AR 4 2 (A] Ay 52
{EL S XE A0 B O B v 55 B 48 2 1] 59 NLOS i i
{EL ST Ji 0B S 22 200 Ky v A 28 e T i ) 0 B
fH. A2 TLUFE I, 5 M AR NLOS Il EEE
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Fig. 14 Point accuracy improvement percentage
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Tab.3 Check point coordinates statistics
T F AR R /m FENLAEFR /m BPNN Fii il /m Z WA Ml A /m Z T RS /m
Al6 (2,5) (2.24,5.20) (2.08,5.05) (1.83,4.80) (1.91,4.89)
Al8 (0,5) (0.21,5.28) (0.07,5.08) (—0.38,4.85) (—0.22,4.89)
A30 (2,7) (2.37.7.45) (2.15,7.06) (1.59,6.78) (1.82.6.88)
A32 0,7) (0.54,7.70) (—0.15.,6.93) (—0.18,6.98) (0.17,7.26)
A34 (—2,7) (—1.69,7.51) (—2.12,7.08) (—2.37,6.83) (—2.11,7.18)
T4 BMIER#SIRREE
Tab. 4 Coordinate deviation after correction
A s Al 2 X #/m Y Jr1/m A s Al 22 X J7n/m Y J71/m
Al6 0. 24 0. 20 Al6 —0.17 —0. 20
Al8 0.21 0.28 Al18 —0.38 —0.15
) Z i
JER Ak bR A30 0. 37 0.45 A30 —0.41 —0.22
e 0 i T 460
A32 0. 54 0.70 A32 —0.18 —0.02
A34 0.31 0.51 A34 —0. 37 —0.17
Al6 0.08 0. 05 Al6 —0.09 —0.11
Al8 0.07 0.08 Al18 —0.22 —0.11
BPNN i il A30 0.15 0. 06 Z M RIS A30 —0.18 —0.12
A32 —0.15 —0.07 A32 0.17 0. 26
A34 —0.12 0.08 A34 —0.11 0.18
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Tab. 5 Positioning accuracy evaluation

E3IEN AT
JE A% BPNN Hii
" Wi i 8 P&
it 1

97 R B97 R P97 R 97

R /m R /m R /m %2 /m

Al6 0.3109 0.1124 0. 2586 0. 1483
Al18 0. 2989 0.1362 0.4068 0.2791
A30 0.4928 0. 1965 0.5251 0.1973
A32 0.8631 0. 1569 0.1929 0. 2799
A34 0.6615 0.2019 0. 4886 0. 3350
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Fig. 18 Positioning accuracy improvement percentage

8% 82%

62%

179 M|

FLE AT SR T 23 1L

Sy

o I RS IR

7 it

Wil 5 25 9 S 1 T3 S B TS A A
£ 28 A FRATT A 250 i PR 1 ) R, NLOS 152 22 )2
TN E R 2R BRI, B X NLOS #5355 Xt
UWB & {0 RS2, AR SCH T — B NLOS 2
2 BPNN 2 IE By UWB & fdt o 7 185 50, 52 55 45 1
=K.

1) 7ESEPR 0 2 P9 FR BT L s R R B Oy i 4
AR SCHE ) NLOS %22 BPNN #1E #9 UWB & fi
SE AR T LR 4l S [R) R 5 9 £HE 1 AE N 2E 2 L e
S AT ZR R A Ltk O AR L T HL 2 >0 B0 7 A
Fo A AR T AE T 5 S

2) A SRR R BCIES5 RT h AR g Hrh A 2
A AU B UWB I FE RS B2 42 5 46. 806, 28 0K
PR 43. 4% B 2 1 R B A LR UWB I #E R B
PEwm 28. 2% E KGR = 26. 2%, AT LA LA
TR A LAl ik ELAT B S A I A

3) BPNN Ry8E I A7 7E Jmy BRPE . BPNN 4544 f1y
WHERASM I MG — M E BN Es RS, B A
REH 00k . 248 45 M ik B K, I 2R h 2R A
1 T B B AL B4 L 2 0 4 M BB TG, N
TR A B A N T S 2 i R 4 T RE S B
KK AT LLUEAT B BP B3k A9 5% . 4 ST etk A B
R AR = UWB 2 P a2 7 1R B2

£ % CHk

(1] M. E5E,. B, 5. B e o 56 .
[l Joi g BAL T, AR, 2011, 39(1) . 133-141.
Xiao Zhu, Wang Yongchao, Tian Bin, et al. UWDB
positioning research and application: review and pros-
pectlJ]. Journal of Electronics, 2011, 39(1): 133-
141(in Chinese).

C2] FIR. XUAH . B, 4. RSSIIEETE #E F % N
bt ZFE RN L], S E 60 5 B, 2019, 6
(3): 82-87.
Wang Le, Liu Wanqging, Huang Guanwen,et al. Ap-
plication of RSSI ranging in anti error algorithm of
Bluetooth indoor positioning [ ] ]. Navigation Posi-
tioning and Timing, 2019, 6(3): 82-87(in Chinese).

[ 3] Pirzada N, Nayan M Y, Subhan F, et al. Location
fingerprinting technique for WLAN device-free indoor
localization system[]]. Wireless Personal Communi-

cations, 2017, 95(2) . 445-455.



104

S (5 B

2020 4E 5 H

[4]

L6]

L8]

[10]

[11]

Pei L, Liu J, Chen Y, et al. Evaluation of finger-
printing-based WiFi indoor localization coexisted with
bluetooth[J]. The Journal of Global Positioning Sys-
tems., 2017, 15(1): 3.

Aykac M, Ercelebi E, Aldin N B. ZigBee-based
indoor localization system with the personal dynamic
positioning method and modified particle filter estima-
tion[J]. Analog Integrated Circuits and Signal Pro-
cessing, 2017, 92(2). 263-279.

Aldin N B, Ercelebi E, Aykac M. An accurate indoor
RSSI localization algorithm based on active RFID sys-
tem with reference tags[J]. Wireless Personal Com-
munications, 2017, 97(3): 3811-3829.

Valentin B, Escudero C J, Garcia-Naya ] A, et al.
Environmental cross-validation of NLOS machine
learning classification/mitigation with low-cost UWB
Sensors ( Basel, Swit-
zerland) , 2019, 19(24) . 5438.
Abdulrahman A, Abdulmalik A S,

positioning systems [ ] ] .

Mansour A.
Ultra wideband indoor positioning technologies: anal-
ysis and recent advances[]J]. Sensors, 2016, 16(5):
1-36.

Rydstrom M, Reggiani L, Strom E G. et al
Adapting the ranging algorithm to the positioning
technique in UWB sensor networks[J]. Wireless Per-
sonal Communications, 2008, 47(1):27-38.

Valentin B, Escudero C ], Garcia-Naya ] A, et al.
Environmental cross-validation of NLOS machine
learning classification/mitigation with low-cost UWB
positioning systems [ J ] . Sensors ( Basel, Swi-
tzerland) , 2019, 19(24) . 5438.

HEJe . T UWB/INS i il A 0l NLOS 1 %
WA ITEELD]. dbat: JEatlipr K2, 2019,

Zhang Guolong. Indoor positioning method based on

UWB /INS data fusion to inhibit NLOS[D]. Beijing:

[12]

[13]

[14]

[15]

[16]

Beijing University of Posts and Telecommunications,
2019(in Chinese).

M. . A . 2T UWB B2 P B[R] 5E 7 7
B B FERXTE A, 2018, 33(4): 6-10+75.
Guo Shaobin, Shen Feng., Yang Ying. Indoor collab-
ora-tive positioning method based on UWB[]J]. Elec-
tronic Information Warfare Technology, 2018, 33
(4): 6-10+75(in Chinese).

X, REW. O . BT AGWNIERRKSIEIMRY
UWB W& A [1]. AR 4, 2018, 31(4):
567-572.

Liu Tao, Xu Aigong, Sui Xin. UWB indoor positioning
based on adaptive robust Kalman filter[J]. Journal of
Sensing Technology, 2018, 31 (4). 567-572 (in
Chinese).

EA, HEA, W . —F UWB 5 PDR @l &
TANEWNEMITEL] SAUE ML=, 2019, 7(3):
38-43450.
Yi Yujie, Huang Zhigang, Su Yu. A pedestrian
indoor positioning method integrated with UWB and
PDR[]J].
2019, 7(3): 38-43+450(in Chinese).
LIRS N E AL T NLOS 15 22 3 il 7 1 4%
LTD SUE fL 23, 2017, 5(2) ¢ 60-64.

Jia Junchao. Discussion on NLOS error suppression

Journal of Navigation and Positioning,

methods in UWB indoor positioning[ J]. Journal of
Navigation and Positioning, 2017, 5(2): 60-64 (in
Chinese).

ERR, RE, FEO . I B 2 5 )
BRSNS EM L] WMk, 2017, 42(12);
151-156.

Wang Changqgiang, Xu Aigong, Sui Xin. Indoor dy-
namic positioning method of ultra wideband two-way
arrival time ranging[J]. Surveying and Mapping Sci-
ence, 2017, 42 (12): 151-156(in Chinese).





