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Abstract. In view of the defects and shortcomings of traditional Auto-
mated Guided Vehicle (AGV) robots in the localization mode and work-
ing scene, this paper studies the tightly-coupled integrated localization
strategy based on inertial navigation system (INS) with ultra wide band
(UWB). This paper presents an interactive multi-model (IMM) to solve
the influence of non-line-of-sight (NLOS) on positioning accuracy. In
IMM framework, two parallel Kalman filter (KF) models are used to
filter the measured distance simultaneously, and then IMM distance is
obtained by weighted fusion of two KF filtering results. This paper adopts
the tightly-coupled combined method, and performs indoor positioning
by extending Kalman filter (EKF). Experiments show that the method
can effectively suppress the influence of NLOS error and improve the
localization accuracy.

Keywords: Kalman filter (KF) · Extending kalman filter (EKF) ·
Tightly-coupled

1 Introduction

Automated Guided Vehicle (AGV) is the key equipment of self-flow transporta-
tion system and flexible manufacturing system, and it has been applied more
and more widely (Li et al. 2017). Therefore, how to obtain accurate localiza-
tion information is the core of AGV positioning technology. Inertial navigation
system (INS) is an autonomous navigation system which does not depend on
external information or radiate energy to the outside world (Liu et al. 2018).
The disadvantage is that the localization error accumulates with the increase of
time. Compared with INS, ultra wide band (UWB) technology is a kind of wire-
less technology rising in recent years. But in the complex indoor environment
with more obstacles, the accuracy will be reduced because of the influence of
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signal transmission (Sobhani et al. 2017; Xu et al. 2017). Therefore, this paper
combines INS with UWB, and the two localization methods complement each
other, which can provide a more comprehensive and reliable localization solution.

When the AGV moves in the indoor environment, there are a large num-
ber of obstacles. The linear communication path between the beacon node and
the reference nodes (RNs) is prone to obstruction of obstacles. The non-line-
of-sight (NLOS) error produces a large deviation, and the localization accuracy
is drastically reduced (Morelli et al. 2007). So, this paper proposes an inter-
active multi-model (IMM) algorithm. In IMM framework, two parallel Kalman
filter (KF) (Shi and Fang 2010) models are used to filter the measured dis-
tance simultaneously. The distance estimation of IMM is obtained by weighted
fusion of the two filtering results. When the state is switched, it can still get
a more accurate distance estimation. To a certain extent, it avoids the error
caused by the inaccuracy of the algorithm for identifying LOS/NLOS, thus bet-
ter weakening the influence of LOS/NLOS error. In the integrated localization
stage, the INS/UWB integrated localization can be divided into loosely-coupled
integrated localization and tightly-coupled integrated localization. The accuracy
of navigation results depends on the accuracy of UWB solution, and the sub-
localization technology alone completes the localization, which also introduces
the calculation error for the integrated localization system. The tightly-coupled
integrated proposed in this paper is to reduce the influence of NLOS error by
using UWB’s original ranging information through IMM algorithm, and then fuse
the data with INS’s estimated distance information, which can reduce the cal-
culation error of sub-localization system’s independent localization and improve
the overall localization accuracy.

2 The Tightly INS/UWB Combined AGV Positioning
Strategy

When the AGV moves indoors, the channel state between the AGV and the
RNs is switched between LOS and NLOS, and the measurement models of LOS
and NLOS are different. Therefore, it is difficult for a single filtering model
to effectively filter the measured distance in real time. In this paper, an IMM
algorithm is proposed to estimate the measurement distance. Two parallel KF
are used to adapt to the LOS and NLOS ranging models. In the distance filtering
phase, two KF simultaneously estimate the measurement distance, and the model
likelihood probability can be calculated according to the distance measurement
value input by the system and the model filtered observation value, and then
the model probability can be calculated. Models with higher model matching
can obtain higher model probabilities, so the filtered results of the model will
dominate the output at the weighted output stage. The IMM algorithm is a
multi-basic interaction algorithm based on the second-order Markov chain model.
According to the characteristics of the given model parameters, given the input
data, the input data can be adaptively distinguished from which model is closer
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Fig. 1. The tightly-coupled strategy.

to, and expressed by the model probability. The Combination strategy framework
is shown in Fig. 1.

The space equation of tightly-coupled combined localization system includes
state equation and measurement equation. Tightly-coupled combined localiza-
tion is more original than loosely-coupled combined localization. So when the
number of Reference nodes (RNs) of UWB visible tags is small, the tightly-
coupled combined localization still keeps a high localization accuracy. Figure 1
shows the tightly-coupled strategy for AGV in complex work environments.
Firstly, dn represent the range information obtained by UWB positioning sys-
tem, d̂n is the distance information after the NLOS error is weakened by the
IMM algorithm. P INS is the location information solved by INS, dINS

n is the
distance information of the INS to the RNs and is calculated from the UWB and
INS position information. The last, the optimal navigation solution of AGV is
obtained by making a difference between P INS and optimal error δP .

2.1 IMM Model

We define the equation of state of the system as:
[

dUn,k+1

ḋUn,k+1

]
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dUn,k represents distance measured in the nth UWB at k time, ḋUn,k represents
the rate of change of distance measured at the nth UWB at k time, system noise
ωn,k ∼ N (0,Qn,k).

In this paper, the observation equation of IMM model in LOS environment
is defined as:
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In this paper, the observation equation of IMM model in NLOS environment
is defined as:

d̃Un,k︸︷︷︸
yU
n,k

=
[
1 0

]
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HN

xn,k|k−1 + ωN
n,k, (3)

where noise ωN
n,k ∼ N

(
0, Rnlos

n,k

)
.

2.2 INS/UWB Tightly-Coupled Model

At this stage, The INS/UWB tightly-coupled Combined positioning strategy
space equation includes a state equation and a measurement equation. The equa-
tion of state can be defined as:
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where δPE,k is the eastward position error of AGV and δPN,k is the error in
the north direction at k time. F represents the state transition matrix and noise
Vn ∼ N (0,Qk).

δdn = (dINS
n )2 − (dIn)2 (5)

It can be concluded that:

(dINS
n )2 − (dIn)2 = 2(P INS

E − P i
E)δPE

+ 2(P INS
N − P i

N )δPN − (δP 2
E + δP 2

N ) (6)

where δdn is distance measurement information, dINS
n is the distance between

the BN estimated by the INS and the nth RN reference station. dIn is the ideal
position of the BN is difficult to obtain in the measurement. P I

E and P I
N represent

the ideal position coordinates of BN in the east and north directions. Detailed
formula derivation can be found in the literature (Xu and Chen 2016).

So the measurement equation is defined as:
⎡
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where Vk is system observation noise matrix.
In the integrated localization phase, AGV localization uses an extended

Kalman filter (EKF) that can handle nonlinear dynamic problems. The basic
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idea of the EKF is to perform a first-order Taylor function expansion on a non-
linear system, linearize the first two terms, and then use the KF algorithm for
state estimation.

3 Test

During the experiment, AGV traveled around two obstacles, and the route size
was 3.5 m × 9.5 m. The Fig. 2 displays the test platform. We set the sampling
time to: Ti = T = 0.02 s. Moreover, the initial values of the parameters are set to:

Π =
[

0.5 0.5
0.5 0.5

]
, (8)

and

θk =
[

0.5
0.5

]
, (9)

Fig. 2. The test platform.

Figure 3 shows the INS and UWB localization trajectories. As INS error
gradually accumulates with time, the deviation between localization trajectory
and reference trajectory is large. Although INS is an autonomous localization
system, it can not be used alone. The accuracy of UWB localization trajectory
is higher than INS, but due to the obstacles, it can be seen that there are many
burrs in the track, which will also lead to the increase of localization error.

Figure 4 shows the loosely-coupled trajectory, the traditional tightly-coupled
trajectory and the proposed tightly-coupled trajectory. The error between the
positioning trajectory and the reference trajectory of each positioning system
is shown in Table 1. The proposed tightly-coupled combined approach’s per-
formance is better than the traditional tightly-coupled combined and loosely-
coupled combined localization. It can be seen that tightly-coupled combined has



342 P. Li et al.

higher localization accuracy than loosely-coupled combination, which depends on
that tightly-coupled combined uses the original data of each sensor and reduces
the error brought by positioning algorithm. The proposed tightly-coupled com-
bined method is using the IMM algorithm weakens the LOS/NLOS error and
improves the positioning accuracy. Therefore, through the analysis of Fig. 5 and
Fig. 6, we can draw a conclusion that the IMM algorithm studied in this paper
can effectively reduce the LOS/NLOS error and the proposed tightly-coupled
combined method has smaller error than the other two combination methods.
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Fig. 3. Trajectory of single positioning system.
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Fig. 4. The localization trajectory of INS/UWB tight combination method and other
traditional combination location methods.
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Fig. 5. Error in the east.

Time Index
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

N
o

rt
h

 P
o

si
ti

o
n

 E
rr

o
r[

m
]

0

0.6

1.2

1.8

2.4

3

3.6

4.2

4.8

5.4

6

Loosely
Tightly
the Proposed Tightly Method

Fig. 6. North position error.

Table 1. Statistics of positioning errors in the east and north directions.

Method East Mean/m East Std./m North Mean/m North Std./m

Loosely 0.2959 0.3566 0.3922 0.4266

Tightly 0.2912 0.3453 0.3846 0.3986

IMM-tightly 0.2887 0.3404 0.3733 0.3644
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4 Conclusion

We propose indoor AGV tightly INS/UWB combined positioning method. In
this combined positioning method, an IMM algorithm is proposed for the loca-
tion of moving targets in indoor environment. Through error analysis of off-line
measurement data of LOS and NLOS, the error parameters under two propaga-
tion states are obtained, and then the Kalman distance filtering models for the
two channel error parameters are established. The model probability is calculated
adaptively to weaken the influence of NLOS ranging error. The simulation results
show that: the IMM algorithm studied in this paper can effectively weaken the
influence of LOS/NLOS for the navigation accuracy of indoor moving targets,
and the tightly combined positioning method can make AGV achieve higher
positioning accuracy when moving indoors.
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