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INS/UWRB tight integrated localization technology for
pedestrian indoor based on factor graph

Li Qian,Jiang Zhenghua,Sun Yan,Ben Yueyang

(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract : The number of (ultra-wide band) UWB ranging measurements received by pedestrians to be located in the complex indoor
scene is uncertain. To address this issue, the INS/UWB tight integrated localization algorithm based on a factor graph is proposed. It
can be used to fuse UWB ranging measurement from random accessing node and exiting node. Firstly, an INS/UWB tightly integrated
factor graph model is constructed, which is based on the pedestrian motion model and the UWB measurement model. Due to the
simultaneous modeling of pedestrian position and velocity, there are cycles in the factor graph model. Aiming at the factor graph model
with cycles, the sum-product algorithm (SPA) is used to derive the message passing algorithm among different nodes in the factor graph
model through two iterations, and the posterior probability density of pedestrian position and velocity is calculated. Furthermore, given
the rapid enlarging error deduced by a special ranging measurement vector in the INS/UWB tight integrated localization algorithm, an
improved factor graph algorithm based on coordinate transformation is proposed. Simulation results show that the proposed INS/UWB
tightly integrated localization algorithm can effectively fuse dynamic UWB ranging measurements in complex indoor scenes. On the
premise of meeting the demand of computation and memory consumption, the proposed algorithm can improve positioning accuracy and
speed estimation accuracy by 14.94% and 56.42% , respectively, compared with the extended Kalman filter ( EKF) algorithm with
multi-models.
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Fig. 6  Processing flow of INS/UWB tight integrated localization

system with special measurement vector
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Fig.7 True trajectory and estimated trajectory

in normal indoor scenes
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Table 1 RMSE of positioning error and speed error and

run time of different algorithms in normal indoor scenes

e ELIIR R BAT
LA RES . B )
RMSE/m  RMSE/(m-s™')  HIH/s
T KF (1) INS/UWB 0.097 0.351 0.220
P EAAAL AT ‘ ‘ '
2T EKF 1) INS/UWB 0. 095 0.342 0.237
TR 4 A 0 ' ' '
T FG B INS/UWB
— ) 0. 081 0.208 0.522
MBS A E
3T PF 19 INS/UWB
0.077 0.145 3.556

PR 4B Rk

FpE—2E Al UWB IR REXT INS/UWB ‘B4l &5
PEBEEA BAL TR B 5 o EEAG TR BE A 52 e, % UWB U
PRI 7 2553 BN 02 = (0.05 m)?,02=(0.15 m)?,
0:=(0.25 m)* =ANURME (EZSRBEARGEHIER 2 PR,

®2 UWBUEEREF /734 INS/UWB A A EME X ENFMN
Table 2 Influence of UWB ranging noise variance on accuracy of INS/UWB tightly integrated positioning algorithm

g% = (0.05m)?

a2 = (0.15m)? a2 = (0.25m)?

SERLTE SELTE IR SEQIR R SEQIR 2 R
RMSE/m  RMSE/(m-s™!) RMSE/m  RMSE/(m-s™!) RMSE/m RMSE/(m-s™")
F5F EKF (1 INS/UWB MIFEEA A% 0.053 0.283 0.130 0.377 0.193 0. 424
T FG By INS/UWB JFE B 40 431k 0. 047 0.205 0. 107 0.210 0.154 0.218
T PF (19 INS/UWB B S 20 400 vk 0.043 0. 121 0. 102 0. 158 0. 151 0. 186
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Fig. 10 MSE and CRLB of the three algorithms under

different UWB ranging noise variance
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Fig. 12 Pedestrian positioning error in complex indoor scenes
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Fig. 13 Pedestrian speed error in complex indoor scenes

®3 ENEXNAGEAREZEMRESEEIRE
RMSE K iz{THt 85 77 iHE
Table 3 RMSE of positioning error and speed error, run
time and memory consumption of different algorithms

in complex indoor scenes

. MR e
o e FENIIRZE Y NAETH
SE N RMSE -
RMSE/m ) s ] /s #£/KB
(m-s™)

# L EKF 0. 094 0. 346 0.243 1.25

HHL PF 0.076 0. 150 3.550 1.83

AL Z R EKF 0. 087 0. 335 0.371 2.80

AR LER R PR 0.071 0. 144 3.724 3.93

FG 0.173 0.590 0.543 2.10

IFG 0.074 0. 146 0. 557 2.17

o7 B 5 7R Al RS BEAR T IFG B9k, BT M PF Y
INS/UWB M B8 20 5 B30 A B B AR 3 vy, (R H T3
HIIRGTE 40~60 s, B T EKF 5 PF JESE 25 [ &,
SECLHAEA RS 3 4 UWB 5 Fit A 8 S
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FRILT AR 25 H) Z2 A5 () EXF 38035 0l DUAR 48 3 28
AR UWB 0B A5 B YDA [R] B AR 78 | M R ith 1 7
T T, (0 5% 80 EKF —#E, il T3 — B 8 80 Tk
Wi 25 S ECLAL TR EEAIR T IRG 53k, MR¥E 3 ]
VLA, AR T AR S50 Z A 1 EKF 5k kS 5 5
TR AL 1K B O EKE AT DL B4R 7.45% 5
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B L3R S A LAAR S 50 5 AR v 7 R A R
FHF S Bl o

2) FLH IR

S MR AR SR TR A IR T 8l hao KT, i
B 22 SN 16 P SEBFF IR Z /T, 4300 UWB H
FRpRZEA IMU BETEAT MR AL E AL, A B C =AM Jk
FRE R B A AR5 (0m, Om) . (0Om, 9m),
(10m, O m) AT AMEEME R (1. 1 m, 0.7 m), LEid



55

3t

& 2, FLFHE TR INS/UWB 2 NIT N B4 A M A 43

RE

DW1000

K15 UWB &4
Fig. 15 UWB equipment

P Bl IMU AT UWB H brds 28 1915 A\ 3% I8 7022
AR EH&E S, NRARETE 0~17 s BN UWB
HErbrg JaeR1 A, B PSSR0, A7 IR AR 17 ~30 s
FrBe UWB HERPRZE T LA A B .C =ANJEul pEA 73 5
Fmi

SR A2 73
Fig. 16  Experiment site

5.2 KWERSHH

SERBR R h Z R R ZE 22520 UWB DU PR B, L 2
BRZEVRALEE . 1) UWB 528 FL I 31 & S5 R 4 119 SR 4 SE 3R A
R Z S| UWB 2 BUH P& 19 R IE IR 52) AEILEE (non
line of sight, NLOS) & #L!"™ o A SCHRE SCk[ 17 ] $2 1 )
UWB Il #3525 3 M2 6 R AE BB UWB i La R 15 8L
HEAT R IEIR A K NLOS 5% 25 kb2, 72 I KL Rl ) FH
BRZEAMEEG 1 UWB M BE AR SR 786 e b Bl S 45
e 17 fios,

BB TS0 SRR e = R R A B D
A I TR) B 28 F o7 B RE VAR S, 9T DA XA [ 3 Al 3
B 5 BRI AN AR 2 P T AN AT
758 ARHEAT N LS A A S I A L i
M ALBRFR « ST ) W TR IS B A y AR
SR AN R SR Y E RORE B

* FRUEA

*  FEUHB
20 FUHC

—— R EALAT NFL S

SR

- AR BE R AR W EK F RV Al T2
15 | —s— IFGH AL T

»»»»»»»»»»» A5 ¥ 2 AR A [ PR S Al B e

: x4 E/m :
B 17 28 P AT A SEHLE SR R A AL T LT

Fig. 17 True trajectory and estimated trajectory

in actual experiment by different algorithms
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Table 4 Noncoincidence error between true trajectory and
estimated trajectory in actual experiment by

different algorithms

SENTSTIE ANEEBHEE/m
AL Z A58 EKF 0. 838
AL Z A58 PR 0. 802
IFG 0. 811
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