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Abstract. Considering the accuracy of the indoor navigation system,
an inertial navigation system (INS)/ultra wide band (UWB) technology
integrated human tracking using distributed dual-EKF filter will be pro-
posed. In this algorithm, the local data filter we use is composed of four
dual-EKF filters to deal with noise more effectively. At the same time, we
also take into account the uncertainty of system parameters. It employs
the system parameters as the state vector. In the next step, the output
of the local filter is input to the main filter for fusion and the best esti-
mate is provided. The experimental results show that this scheme can
effectively reduce the positioning error.
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1 Introduction

Into the 21st century, with the rapid development of artificial intelligence and
wireless Internet, people have put forward higher requirements for navigation
performance. We are familiar with the Global Positioning System (GPS) to
provide users with positioning services, which greatly promotes the progress
of human production and life [4]. However, it is difficult for GPS signals to pen-
etrate solid walls and obstacles, which causes indoor GPS to not work properly.
In order to meet the demand for indoor high-precision positioning, how to ensure
the accuracy of indoor navigation has become a hot topic [7].

Kalman filter (KF) is a highly efficient recursive filter [5]. KF can be used in
any dynamic system with uncertain information to make a basis prediction for
the next direction of the system. Once accompanied by various interferences, the
Kalman transform can always point out what actually happened [6]. In recent
years, KF have been implemented in many different ways. The standard KF
is only suitable for linear systems. For nonlinear systems, we can use extended
Kalman filter (EKF) for optimal estimationcite [2].
© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2022
Published by Springer Nature Switzerland AG 2022. All Rights Reserved

S. Wang et al. (Eds.): IoTCare 2021, LNICST 415, pp. 394-401, 2022.
https://doi.org/10.1007/978-3-030-94182-6_31


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-94182-6_31&domain=pdf
https://doi.org/10.1007/978-3-030-94182-6_31

Human Tracking Using Distributed Dual-EKF Filter 395

Taking into account the positioning error of indoor human tracking, an iner-
tial navigation system (INS)/ultra wide band (UWB) integrated human tracking
using distributed dual-EKF filter will be proposed. In this algorithm, the dual-
EKF filters is used as the local data fusion filter, which considers the uncertainty
of system parameters, it employs the system parameters as the state vector. Next,
input the output of the local filter to the main filter for fusion and provide the
best estimate. After a lot of experimental verification, it can be determined that
this scheme can effectively reduce the positioning error.

The structure of this article is as follows. Robot localization scheme is dis-
cussed in Sect.2. The distributed dual-EKF filtering algorithm is discussed in
Sect. 3. In Sect. 4, the performance of distributed dual-EKF algorithm is verified
by simulation results. Section 5 summarizes this article.

2 Fusion Model

The fusion model used in this work will be designed in this section. In this work,
the time of arrival (TOA)-based UWB is employed, and the two-dimensional
(2D) position is considered [3]. Thus, the UWB employed in this work requires
at least three UWB reference nodes (RNs) to provide the ranges r;,1 € [1,m]
from the UWB RNs to the UWB blind node (BN). Here, m means the numbers
of the UWB RNs. The system chart of the distributed dual-EKF filter is shown
in Fig.1. It includes four local dual-EKF filters and a main filter. The local
dual-EKF is employed to provide the s(t)! and P(¢)!, and the output of the
distributed dual-EKF filter is fused by the main filter.
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Fig. 1. Structure diagram of distributed dual-EKF filter.

Equation (1) shows the state equation for the local filter in the fusion model,
expressing position error and velocity error as state variables.
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where s(t)! = [V} Vyi VVzi VVy,] is the state vector of the I'" local filter at
the time index ¢. At time ¢, (Vmé, Vyi) and (VVaci, VVyi) represent the position
error and velocity error in the x and y directions, respectively. Vt represents the
sample time, w(t)! ~ N (07 Ql) is the process noise.

The measurement equation used in this work can be written as follows accord-
ing to [1].

Y(t)l = 6Tl2,t = (rit)z - (dl({t)Q
—9 (:vtl’l - $Z) Vil + 2 (ytl’l - yl) vyl — ((wg)Q + (Vygf) NG)
= h(s(t)") +

where (acz{7 ytl) is the INS position, (xi, yi) is the I*" UWB RN'’s position, v(t)! ~
N (07 RZ) is the measurement noise.

3 Distributed Dual-EKF Filter

In this section, the dual-EKF filter, which is used as the local filter based on the
model (1) (2) will be designed. Firstly, we rewrite the model (1) (2) as follows:

s(t) = M(t — 1)ls(t — 1)! + w(t)!

y(t)' =h(s(t)") + ; 3)
M(t)! = M(t — 1)F + wM(t)!

In this work, the system parameter M(t)! is used as the state vector, which
means that the uncertain of the system is considered in modified fusion model;
the wM(t)! ~ N (0,QM) is the noise of the M(t)". Based on the model (3), the
dual-EKF filter can be designed in the following section.

Firstly, with the initial value s(0)! and Ps(0)!, the s(t)! and Ps(t)! can be
predicted at the time index ¢ via Eqgs. (4) (5).

s(t)! = M(t — 1)'s(t — 1) + w(t)!, (4)

P.(t) = M(t — 1)'Po(t — 1) (M(t— 1)) + Q' (5)

where Pg(t)! represents the estimation error of s()!. Then, the s(¢)! and Pg(t)!
can be updated at the time index ¢ via Eqgs. (6) (7) (8).

K0 =P, (H)') RO +HO' P (HE') 1 ©)
s = s+ KO [y (0~ huls (1)), @
PL ()= (K () HL ('[P, (1) 0

where H (t)' = %St()t?l).
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Based on the s()! and Pg(t)!, the M(¢)! and Py (t)! can be predicted at the
time index ¢ via Egs. (9) (10).

M(t)! = M(t - 1)' + wM(2)', (9)

Py () =Pm(t —1) + QM (10)

And then, M(#)! and Py (t)! can be updated at the time index ¢ via Egs.
(11) (12) (13).

K (M = Par (1) (M) [ROM +H (O™ Pa (1) (H(0M) 7
(1)
M(@H) =M O + KO [y 0 = hils (1)) (12)
P (1) =[1-K ()M H (O™ Py (1) (13)
where H ()M = 78h51(\1[\/([(;1)l).

With the local EKF’s output s(t)! and Pg(t)! , the main filter works to
provide the optimal output by fusing s(¢)! and Ps(t)! via Eqs. (14) (15).

-1

s(t) = P, (1) ((Ps (t)1>_1 s+ (Pa(1?) s + (P, (t)?’)_1 s (1)*

n (PS (t)4)_1 s (t)4> : (14)

4 Experimental Testing

This chapter will design experiments to prove the performance of the proposed
algorithm. Firstly, clarify the experimental environment and experimental appli-
cation equipment. Secondly, compare the proposed method with distributed EKF
filters, UWB and INS.

4.1 Experimental Environment

In this experiment, one inertial measurement unit (IMU), one UWB BN and four
UWB RNs were used. The author carried a fixed bracket, and the UWB BN was
fixed on the bracket. The base station is UWB RN, and UWB RN is fixed at a
known point in the test site. The positions of UWB BN and UWB RN should
be on the same horizontal plane as possible. The IMU is placed on the feet of
the target person in the correct direction. The test environment, experimental
equipment and target personnel are shown in Figs. 2 and 3.
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Fig. 2. Test environment.

Fig. 3. Experimental equipment and target personnel.
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4.2 Performance Analysis of the Proposed Algorithm

In the following, we will discuss the performance of the above algorithm. For a
more convenient observation, we compare the positioning error of the proposed
method with the distributed EKF filter, UWB and INS. It can be seen that this
method can effectively improve accuracy and reduce errors.

Figure 4 shows the estimated path provided by INS, distributed EKF filter
and distributed dual-EKF filter, represented by green lines, black dashed lines,
purple lines and red lines, respectively. Moreover, the UWB RNs are also shown
in the figure. From the figure, one can infer easily that the INS’s path has obvi-
ous error accumulation, and the UWB has the stable solution. The comparison
shows that the distributed EKF filter and the distributed double EKF filter
can provide accurate paths. Figure 5 shows the CDF of the positioning error of
UWB, distributed EKF filter and distributed dual-EKF filter. Through experi-
ments, it is known that the distributed dual-EKF can better reduce the error.
The proposed method’s error is about 0.27 m, and that value of the distributed
EKF filter is 0.3 m. Moreover, the Table 1 shows the RMSE of the INS, UWB,
distributed EKF filter, and distributed dual-EKF filter. It can be confirmed
that the distributed dual-EKF proposed in this experiment is better than other
algorithms.
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Fig. 4. The estimated path is provided by distributed dual EKF, distributed EKF,
UWB and INS.
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The positioning algorithm based on the distributed dual-EKF filter proposed in
this paper can better improve the positioning error of human tracking. In this
algorithm, it uses four dual-EKF filters as the local data fusion filter, the output
of the local filter is used as the input of the main filter, and the fusion provides
the best estimate. Through a large number of experiments in this article, it can
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Fig. 5. The CDFs of the distributed dual-EKF, distributed EKF, and UWB.

Table 1. The RMSE(m) generated by INS, UWB, EKF and Dual-EKF

Filter RMSE

East | North
INS 1.62 | 1.98
UWB 0.39 | 0.39
EKF 0.36 | 0.23
Dual-EKF | 0.32 | 0.22

Conclusion

be proved that the dual-EKF filter can better reduce the error.
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