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HIE EKF Rl PF 5k, APF Jy ik RMSE {500, %07
VEIBN T RS T, IR PSCR B

x2 TEXEEREIREMNLE m/s

RMSE
Rz vt
EKF PF APF
KIaEE 01806  0.0659  0.039 3
i EEE 03415 0.0810  0.0589
KRIHE 00336  0.0084  0.008 1

[l 4 FIER 3 H5IR T 3 BhgE I 7 A R H X H] N
R AL CRIT B B aRZEXT L, MWEISRAT LA
APF kit B2 il & o i HE i T |
SAH,
x3 BEREMCEIRETL m

o RMSE
MIEw
EKF PF APF
RiEfiE 01691  0.0602  0.036 8
dbrfiE 02978 00739 0.0527
KIEMLE  0.027 1 0.008 1 0.007 2

15N SEBRAT RE AR 1) SEBRAEFS S —34.46 m, b
] SEPROLFE A —6.08 m, K SLFRA A 0 m, £ 4
Fs N R ZEXT G, AR 4 BT LUE Y ASCHE 1)
APF J7 A0 T EKF 7k SRR 2080 T 40.6% ,

LT PF i SR IR 220870 T 19.4% , b ml L,
M HAE S EKF A1 PF J5ik, APF J5ikn] DA 5

e A ARG BE
x4 EMREZRIE m
WX EKF PF APF
AR B R 6.65 4.31 -0.49
by iR 2 6.88 3.00 -0.10
PNDEVATRATE 3.78 2.38 2.31

K5 i oy e SCE U, ih R R LA APF
TR R R T S, 5 T AT N AUE

AR
o —— EKF {1 S
— PF 158058
--= APF {1 51813 K

— SEBREIEE

JeELE /m
|

,,,,,,

-15 . L . L s
-45 -35 25 =15 -5 5

FIHLE /m
E3 I .2 e B

N T B IR T B R A R AT NS
W R G RSB0 25 1F T 200 10 L5580, 3%
5 B 3 Fhg BT LB E M IE BRI . R
5 ATRLE Y, RV A R A7 A R I ] 1) RARIR 22 , 28
i APF BRHRAT 2 1A R R I R  ROR
RFII5h 2 P,

RS 10 AW EAMIRBEBRITLE m
- AR BiR2E At o7 iR 2 PNEEbACY -

- EKF PF APF EKF PF APF EKF PF APF
1 6.65 4.31 -0.49 6.88 3.00 -0.10 3.28 2.38 2.31
2 5.07 3.87 -0.13 7.02 3.15 -0.02 2.98 1.66 1.34
3 5.32 3.95 0.25 6.50 2.62 0.05 3.13 1.97 1.58
4 6.12 4.15 0.31 6.44 2.87 -0.06 3.02 2.10 1.83
5 6.83 4.22 -0.55 7.07 2.68 -0.09 3.31 2.29 2.05
6 5.28 4.10 0.16 7.09 3.24 -0.19 3.27 2.15 1.69
7 5.11 3.55 -0.02 6.12 2.88 0.04 2.57 2.03 1.44
8 5.92 3.46 -0.09 6.95 3.04 0.08 2.73 2.11 1.98
9 6.71 4.39 -0.51 6.90 2.86 -0.05 3.40 2.24 2.10
10 6.10 4.01 -0.24 6.27 3.19 -0.14 3.14 2.07 1.72




<432 - odb Tk ko o R o538 %

5

z

FE 125 AR 2 X ] () A8 AL AL G IE T A4 R
® AR RO TR R AR R IR YD TR X (] Y
WM EIRE, 15 IMU EERIE TZ T ENE

ARIAEESE ZUPT BB HERN [ 4B b ae ) AAERIATATPE, S THICEBE i &, B R

;m AR EER S SRS ks PHES
HEATI TE , 308 T 4 S — T ] 336 I - B 0 3, S

SE

(1]

[2]

(3]

(4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

AT MREN LA EL. FET GPS/MEMS 1P A% 8 (9 11 By B3 32 P (R 9 [ J]. A B Tl R 2441, 2018,41(7)
949-955

ZHU Xinyu, TAO Tingye, JIANG Dongzhi. Research on Indoor Positioning of Firefighters Based on GPS/MEMS Inertial Sensors
[J]. Journal of Hefei University of Technology, 2018,41(7) : 949-955 (in Chinese)

ZHANG W, LI X, WEI D, et al. A Foot-Mounted PDR System Based on IMU/EKF+HMM+ZUPT+ZARU+HDR+Compass
Algorithm[ C] //2017 International Conference on Indoor Positioning and Indoor Navigation( IPIN) , 2017

ZHANG R, YANG H, HOFLINGER F, et al. Adaptive Zero Velocity Update Based on Velocity Classification for Pedestrian
Tracking[ J]. ITEEE Sensors Journal, 2017, 17(7) :2137-2145

SRARE BB L, 5. —Fh 2 s ST AGE Y B R A RS (] JERU A R R 244, 2018, 44 (3)
636-644

ZHANG Jianmin, XIU Chundi, YANG Wei, et al. An Adaptive Threshold Zero-Velocitycorrection Algorithm in Multi-Motion
Mode[ J]. Journal of Beijing University of Aeronautics and Astronautics, 2018, 44(3) ; 636-644 (in Chinese)

XIEGE 25— 12 4EFORS SR AR REA T AT [T ). R GE05 FL~ i, 2018,30( 11) :4387-4394

LIU Hengzhl, Li Qing. An Intelligent Pedestrian Dead Reckoning with 12-Dimensional Zero-Velocity Status Update[ J . Journal
of Systems Simulation, 2018, 30(11) ; 4387-4394 (in Chinese)

WANG Q, CHENG M, NOURELDIN A, et al. Research on the Improved Method for Du-Al Foot-Mounted Inertial” Magnetome-
ter Pedestrian Positioning Based on Adaptive in-Equality Constraints Kalman Filter Algorith-M[ J]. Measurement, 2019, 135.
189-198

B R VPR, A TR/ i ) A UL G VR RO AT N SUEE ST ()] SRR, 2017,38(10) ¢ 2031-2040
HUANG Xin, XIONG Zhi, XU Jianxin, et al. Pedestrian Navigation Algorithm Based on Zero-Speed/Course Self-Observation/
Geomagnetic Matching[ J ]. Journal of Military Engineering, 2017,38(10) ; 2031-2040 (in Chinese)

B, AR, FET SVR ARLF IR A SN S AA [T THEALIN A 5 75, 2016,24(9) » 231-233,250

YANG Zhi, YAN Hua. Indoor Navigation Method Based on SVR and Particle Filter[ J]. Computer Measurement and Control,
2016, 24(9) : 231-233,250 (in Chinese)

FIR, IR R, PN, 2. edER T B IR S TR GPS/SINS 414 S R [ )] . 132 TR 2 B4, 2016, 31
(1):51-57

WANG Lin, LIN Xueyuan, SUN Weiwei, et al. Improved Particle Filter Algorithm Andits Application in GPS/SINS Integrated
Navigation[ J |. Journal of Naval Aviation Engineering College, 2016, 31(1); 51-57 (in Chinese)

PEI L, LIU D, ZOU D, et al. Optimal Heading Estimation Based Multi-Dimensional Particle Filter for Pedestrian Indoor Positio-
ning[ J]. IEEE Access, 2018, 6; 49705-49720

JTREERTT . ST EOIR TR A AN = AT AL [ 1], PEAE Tk R 242741, 2017,35(1) :66-73

FANG Qun, XU Qing. 3D Route Planning for UAV Based on Improved PSO Algorithm[ J|. Journal of Northwestern Polytechnical
University, 2017,35(1) ;: 66-73 (in Chinese)

JIMENEZ A R, SECO F, PRIETO J C, et al. Indoor Pedestrian Navigation Using an INS/EKF Framework for Yaw Drift Reduc-
tion and a Foot-Mounted IMU| C | //2010 7th Workshop on Positioning, Navigation and Communication, 2010

PRI, RIS, FFR. TR T IR0 2 MO WA PEAR R S BRERE A3k )] A SR TR, 2015(1) ¢ 6-10

CHEN Zengzeng, MA Xiaomin, TAO Wei. Joint Tracking and Positioning Algorithm of Multiple Sonar Buoys Based on Particle



%52 1 T, 5l FE DR SR E AR TE T 1 - 433 -

Filter[ J]. Acoustics and Electronic Engineering, 2005(1) ; 6-10 (in Chinese)

[14] FE5%, XU, T2 FL, 45, 2T HRE S B 36 N IE L RS LM AR ()], WAL Tl R34, 2019,37(2) .
225-231
WANG Lu, LIU Mingyong, WANG Mengfan, et al. Attitude Calculation of AHRS Based on Geomagnetic Field Adaptive Correc-
tion[ J]. Journal of Northwestern Polytechnical University, 2019,37(2) : 225-231 (in Chinese)

A Zero-Velocity Update Method for Adaptive Particle Filtering

GUO Yuyang, XU Xiangbo, JI Miaoxin

(School of Engineering, Beijing Forestry University, Beijing 100083, China)

Abstract: Aiming at the low precision of Kalman filter in dealing with non-linear and non-Gaussian models and the
serious particle degradation in standard particle filter, a zero-velocity correction algorithm of adaptive particle filter
is proposed in this paper. In order to improve the efficiency of resampling, the adaptive threshold is combined with
particle filter. In the process of resampling, the degradation co-efficient is introduced to judge the degree of particle
degradation, and the particles are re-sampled to ensure the diversity of particles. In order to verify the effectiveness
and feasibility of the proposed algorithm, a hardware platform based on the inertial measurement unit (IMU) is
built, and the state space model of the system is established by using the data collected by IMU, and experiments
are carried out. The experimental results show that, compared with Kalman filter and classical particle filter, the
positioning accuracy of adaptive particle filter in zero-velocity range is improved by 40.6% and 19.4% respectively.

The adaptive particle filter (APF) can correct navigation errors better and improve pedestrian trajectory accuracy.

Keywords: Kalman filter; adaptive threshold; secondary sampling; particle filter; experiment; zero-velocity

correction; algorithm
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