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Abstract. A Loosely-Coupled Fusion Positioning
(LCFP) system is designed, which integrates Ultra
Wide Band(UWB) and Inertial Measurement
Unit(IMU) sensor information to locate, and is
conducive to suppress the electromagnetic
interference to UWB and the error accumulation of
IMU. Traditional fusion positioning framework uses
Kalman filter for data fusion, which is difficult to
process non-Gaussian observation noise. To improve
the problem, this system uses Strong tracking
Kalman Filter(SKF) for UWB and IMU data fusion,
which is conducive to suppress the influence of
non-Gaussian noise and improves the positioning
accuracy of the system. In the dynamic positioning
experiments with non-Gaussian observation noise,
the maximum positioning error of this system is
about 2 cm lower than that of the traditional fusion
positioning system, and the accuracy is improved by
about 14%. This means that data fusion using SKF
really helps to suppress the effects of non-Gaussian
observation noise on the system and enables the
system to achieve higher accuracy. In the future, this
system framework will not only be applied to the
fusion positioning system of UWB and IMU, but also
to other fusion positioning systems susceptible to
non-Gaussian observation noise, such as UWB and
lidar fusion positioning system.
Keywords: Indoor positioning system; Fusion
positioning system; Strong tracking Kalman filter;
UWB positioning; IMU positioning

1. INTRODUCTION
For indoor positioning scenes, GPS positioning
technology is difficult to receive signal, and it is difficult
to apply to short-range navigation[1]. Ultra Wide Band
(UWB) positioning system stands out among many
navigation technologies, and is widely used in indoor
navigation positioning[2]. To suppress the influence of
electromagnetic interference and NLOS in UWB
positioning, UWB and Inertial Measurement Unit(IMU)
sensors are often fused[3]. Kalman filter framework is
often used for data fusion in fusion positioning system[4].

However, Kalman filter framework has poor performance
in dealing with non-Gaussian observation noise[5].

To suppress the influence of observation noise on the
system, a Loosely-Coupled Fusion Positioning (LCFP)
system is designed. In this system, The coordinate
information calculated by UWB and IMU is fused by
Strong tracking Kalman Filter(SKF). The output of the
system is the tag coordinates calculated by information
fusion and filtering.
Kalman filter is difficult to process non-Gaussian
noise, which means that traditional fusion positioning
systems using Kalman filter are difficult to process
non-Gaussian observation noise. In order to solve this
problem, SKF is used to fuse UWB and IMU data. The
SKF used in this system is optimized to handle
non-Gaussian observed noise, which means that this
system will be less affected by non-Gaussian observation
noise and have higher accuracy when dealing with
non-Gaussian observed noise.
Indoor positioning experiments are carried out to
verify the positioning accuracy of the system. The
experiment is carried out in an indoor environment of
2m*2m. The ROS platform is used to collect positioning
data, and MATLAB is used to process and analyze the
data.
The method of UWB coordinate solution is introduced
in 2. The design of a LCFP system is proposed in 3. The
LCFP system based on SKF is introduced in 4. The
accuracy of the positioning system is verified by
dynamic positioning experiment in 5.

2. UWB POSITIONING COORDINATE SOLUTION
The first step of the TOF positioning algorithm is
using the Two-Way(TW) ranging method to measure the
distance between the tag and each anchor. The principle
of the TW ranging method is shown in Fig. 1[6]. And the
process of TW ranging in this system are as follows.
(1) The tag sends a Poll signal to the anchor and starts
timing.
(2) The anchor delay 𝐷 after receiving Poll signal,
and then sends a response signal back to the tag, and
starts timing.
(3) After receiving the response signal, the tag records
the elapsed time 𝑅 , and sends the final signal to the
anchor after delay 𝐷 .
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In the practical application, electromagnetic
interference and NLOS greatly reduce the positioning
accuracy of the system[9]. To suppress the influence of
these noises, a LCFP system of UWB and Inertial
Measurement Unit(IMU) based on Kalman filter is
designed.
Fig. 1 Schematic diagram of TW ranging method

(4) The anchor stops timing when it receives the final
signal, and then records the elapsed time 𝑅 , the flight
time 𝑡 will be calculated as
t

Ra Rb  Da Db
.
Ra  Rb  Da  Db

(1)

(5) It is known that the speed of signal propagation in
the air is the speed of light 𝑐, so the distance between the
anchor and the tag will be calculated.
After calculating the distance from the tag to anchor,
the coordinates of the tag will be calculated using the
triangulation method, and the schematic diagram is
shown in Fig. 2[7].

3. DESIGN
OF
LOOSELY-COUPLED
FUSION
POSITIONING SYSTEM OF UWB AND IMU BASED
ON KALMAN FILTER
3.1. Design of positioning system model
For UWB positioning system, it will still be subject to
large noise interference after Kalman filtering. The
fusion of IMU and UWB will be conducive to solve this
problem to a certain extent[10][11]. UWB and IMU are
used for LCFP system, and the designed model is shown
in Fig. 3.

Fig. 3 Model of LCFP system

Fig. 2 Schematic diagram of triangulation method

In Fig. 2, A, B and C are anchors, D is the requested
tag, 𝑑 , 𝑑 , 𝑑 are the distance between the measured tag
and the anchors. The coordinates of the anchors are
known, the 𝑋 ,𝑋 ,𝑋 are abscissa, and the 𝑌 ,𝑌 ,𝑌 are
ordinates. Then the tag coordinates (𝑋 , 𝑌 ) will be
obtained by
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From equation (2), we will get the equation (3).The
specific coordinates（𝑋 , 𝑌 ）of the tag will be obtained

The system first uses UWB technology to measure the
distance between the tag and anchors, and then calculates
the tag coordinates（𝑥
,𝑦
）by equation (3). After
that, the IMU information is solved to obtain the IMU
positioning coordinates (𝑥
,𝑦
). And the Inertial
Navigation Solution(INS) process of IMU positioning in
this system are as follows [12].
(1) Calculation of velocity and angular velocity.
Because the information measured by IMU sensor
only includes acceleration 𝑎𝑐𝑐 | , 𝑎𝑐𝑐 | and angular
acceleration 𝑎𝑐𝑐 | . Therefore, it is necessary to
calculate the velocity 𝑣 | , 𝑣 | and angular velocity
𝑣 | . The calculation process is shown as

vx|k  vx|k 1  accx|k 1T ,

(4)

v y|k  v y|k 1  acc y|k 1T ,

(5)

van|k  van|k 1  accan|k 1T .

(6)

(2) Coordinates calculation
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Using the velocity and angular velocity information,
the angle 𝑎𝑛 and coordinates ( 𝑥
,𝑦
) of this
moment will be calculated by

ank  ank 1  van|k 1T ,
IMU
k

x

(7)

 xk 1  cos(ank ) (vx|k 1T )  (v y|k 1T ) , (8)
2

2

ykIMU  yk 1  sin( ank ) (vx|k 1T )2  (v y|k 1T ) 2 . (9)
The observation variables for Kalman filter are
(𝑥
,𝑦
) and (𝑥
, 𝑦 ). And the state variables
for Kalman filter are ( 𝑥, 𝑣 , 𝑦, 𝑣 ), which means
x-coordinate, x-direction velocity, y-coordinate and
y-direction velocity. Then the state equation and
observation equation of this system are expressed as
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in the matrix 𝑄 are determined by measuring the errors
of a and B. the calculation formula is expressed as
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In equation (12), variable 𝑑𝑥
is the error of UWB
sampling value 𝑑𝑦
when sampling at time 𝑘. Variable
𝑑𝑦
is the error of UWB sampling value 𝑦
when
sampling at time 𝑘. Variable 𝑑𝑥
is the error of IMU
sampling value 𝑥
when sampling at time 𝑘. Variable
𝑑𝑦
is the error of IMU sampling value 𝑦
when
sampling at time 𝑘.
To measure the values of the above variables, the label is
placed at the point (𝑥, 𝑦) to make it move along a straight
line to the point (𝑥, 𝑦), and the sampling values of UWB and
IMU are recorded. The results are shown in Fig. 4.

0   xk 1   x|uwb 


0   xk 1   y|uwb 
. (11)

0   yk 1   x|imu 

 

0   y k 1   y|imu 

In the equation (10), 𝑇 is the work cycle of the system,
and the frequency of the system is 50Hz, so 𝑇 = 0.02𝑠.
The component of the process noise in x-coordinate at
this time is 𝜇 . The component of the process noise in the
x-direction velocity is 𝜇 ̇ . The component of the process
noise in y-coordinate is 𝜇 . The component of the
process noise in the y-direction velocity is 𝜇 ̇ . The above
noises are assumed to satisfy the Gaussian distribution.
In the equation (11), 𝜂 |
represents the
x-component of UWB observation noise, 𝜂 |
represents the y-component of UWB observation noise,
𝜂 |
represents the x-component of IMU observation
noise, 𝜂 |
represents the y-component of IMU
observation noise[13] .
3.2. Determination of error covariance matrix
Using Kalman filter to fuse UWB and IMU is
essentially a weighted sum of the sampling values of
UWB and IMU. The weight of each sample value is
determined by the covariance matrix 𝑄 of the
observation noise. The observation noise covariance
matrix 𝑄 is determined by the actual measured data, and
the tag moves along a straight line in a relatively pure
experimental environment. The values of each quantity

Fig. 4 UWB and IMU sampling values

The values of the covariance matrix of the observation
noise error will be calculated from the sampled data, and the
results are expressed as
n
UWBdx UWB
 dx
k
k
k 1
=0.0014,
n

(13)

n
UWBdy UWB
 dx
k
k
k 1
=0.0006,
n

(14)

n
UWBdy UWB
 dy
k
k
k 1
=0.0008,
n

(15)

n
IMU dx IMU
 dx
k
k
k 1
=0.0016,
n

(16)
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n
IMU dy IMU
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=0.0008,
n
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n
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n

(18)

From equations (13) to (18), the value of the error
covariance matrix 𝑄 will be calculated as
0
0 
 0.0014 0.0006


0.0006 0.0008
0
0 
Q
.
 0
0
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0
0.0008 0.0009 
 0

(19)

4. DESIGN
OF
LOOSELY-COUPLED
FUSION
POSITIONING SYSTEM OF UWB AND IMU BASED
ON STRONG TRACKING KALMAN FILTER
Although the LCFP system has high accuracy, the
positioning accuracy will still be greatly reduced under
the interference of non-Gaussian noise. To suppress the
interference of non-Gaussian noise, a LCFP system with
SKF is designed, which is conducive to reduce the
influence of non-Gaussian noise. The system model is
shown in Fig. 5.


zk zk T , k  1,

Ck    C  z z T
k 1
k k
, k  1,

1 


(22)

where 𝜆 is the forgetting factor and usually 𝜆 = 0.95.
Assuming that the system process noise is constant.
When the innovation covariance is large, the conclusion
that the observation noise is large will be gotten. At this
time, the system needs to expand the initial observation
noise covariance matrix 𝑅 . After the innovation
covariance 𝐶 is obtained, the proportionality factor 𝛽
is calculated according to the value of 𝐶 , and the noise
covariance matrix 𝑅 is expanded as

 k  max(1,

tr (Ck  H k Pk |k 1 H k T )
tr ( Rk )
k   R .
R
k k

), (23)
(24)

Then, according to the expanded observation noise
covariance matrix 𝑅 , Kalman gain matrix 𝐾 , optimal
estimation state 𝑋 and error covariance matrix 𝑃 are
expressed as

 k ]1 , (25)
K k  Pk |k 1 H k T [ H k Pk |k 1 H k T  R

Fig. 5 Model of the LCFP system with SKF

As shown in Fig. 5, the system replaces the ordinary
Kalman filter with a SKF, which is suitable for
processing non-Gaussian observation noise[14]. The
SKF is designed as follows.
For SKF, the selected state equation and observation
equation are the same as equation (10) and equation (11).
And the first two steps of SKF are expressed as


X k |k 1  Ak 1 
X k 1  Bk 1U k 1 ,

(20)

Pk |k 1  Ak 1 Pk 1 Ak 1T  Q.

(21)

After the prediction of state 𝑥 |
and error
covariance matrix 𝑃 | , innovation 𝑧 and innovation
covariance 𝐶 will be calculated as

z k  yk  H k 
X k |k 1 ,

(21)


Xk  
X k |k 1  K k z k ,

(26)

Pk  [1  K k H k ]Pk |k 1.

(27)

Through the above steps, the optimal estimation value
of tag coordinates （𝑥 , 𝑦 ） will be obtained. This
coordinate has higher accuracy in theory, and its specific
accuracy needs to be verified by dynamic positioning
experiment.
5. DYNAMIC POSITIONING EXPERIMENTS AND
RESULT ANALYSIS ON LCPF SYSTEM BASED ON
SKF
The dynamic positioning experiments are used to
verify the performance of the system. In the experiments,
the ROS platform is used to collect positioning data, and
MATLAB is used to process and analyze the data. The
experimental environment is shown in Fig. 6.
In Fig. 6, the coordinates of A0, A1 and A2 of the
three anchors are (0,0), (0.83,1.90), (1.66,0). The
coordinates of the starting point of the tag trajectory are
(0.50,1.20).The tag will pass through the points
(0.54,0.36), (0.78,0.40), (0.72, 1.08), (0.99,1.20), and
finally will reach the points (1.06,0.40). The trajectory
will form an S-shaped path. There is an obstacle under
the anchor A1. When the tag is close to the obstacle, the
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positioning system will be disturbed by strong
non-Gaussian noise.
The reasons for non-Gaussian noise caused by
obstacle are as follows[15]. The signal energy of UWB
signal will be reduced when it passes through the
obstacle, which makes the tag unable to distinguish the
direct component from the energy loss of multipath
signal. At this time, the system is difficult to detect the
direct component. When the system is difficult to detect
the direct component, the system may mistakenly regard
the multipath component as the direct component. The
distance between the tag and the base station calculated
by multipath component will increase, resulting in strong
non-Gaussian noise.

It can be seen from the comparative experimental
results that the obstacles in this experiment have a large
impact on the positioning accuracy of the system. The
closer the tag is to the obstacle, the lower the positioning
accuracy of the system. The reason is that when the tag is
close to the obstacle, the UWB positioning system is
interfered by large non-Gaussian noise, which results in a
significant decrease in positioning accuracy.

Fig. 8 Experimental results of LCFP and LCFP system based on
SKF

Fig. 6 Schematic diagram of experimental environment

Using the three systems for comparative experiments
when the tag moves along the above path. The results are
shown in Fig. 7 and Fig. 8. Fig. 7 shows the comparison
of the experimental results between the UWB
positioning system and the LCFP system. Fig. 8 shows
the comparison of the experimental results between the
LCFP system and the LCFP system based on SKF.

Based on the above reasons, the experimental results
will be analyzed from three aspects: the whole course
positioning results, the positioning results near
obstacles and the positioning results away from
obstacles. The experimental results are shown in Table.
1, Table. 2 and Table. 3.
Table. 1 Experimental results of positioning away from obstacles
Maximum error
Average error
Positioning method
UWB positioning
0.140m
0.053m
LCFP system
0.095m
0.042m
LCFP system based on
0.091m
0.038m
SKF
Table. 2 Experimental results of positioning near obstacles
Positioning method
Maximum error
Average error
UWB positioning
0.161m
0.092m
LCFP system
0.138m
0.082m
LCFP system based on
0.118m
0.073m
SKF
Table. 3 Results of whole course positioning experiment
Positioning method
Maximum error
Average error
UWB positioning
0.161m
0.061m
LCFP system
0.138m
0.050m
LCFP system based on
0.118m
0.045m
SKF

Fig. 7 Experimental results of UWB positioning system and
LCFP system

It can be seen from Table. 1 that when the observation
noise of the system meets the Gaussian noise, the LCFP
system and the LCFP system based on SKF both play a
good filtering effect and improve the positioning
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accuracy of the system. And the performance of the two
systems is almost the same.
It can be seen from Table. 2 that when the anchor is
blocked, the accuracy of UWB positioning system is
greatly reduced due to the interference of non-Gaussian
noise. After the information fusion between UWB and
IMU, the positioning accuracy of the system is improved
by about 11%, which indicates that the LCFP system is
conducive to restrain the noise interference of the
positioning system to a certain extent. Furthermore, the
LCFP system based on SKF has higher accuracy, and its
accuracy is improved by about 11% compared with the
ordinary LCFP system, which shows that the system has
stronger ability to suppress non-Gaussian noise
interference.
As can be seen from Table. 3, in general, the
positioning accuracy of LCFP system based on SKF is
the highest one, which is about 26% higher than UWB
positioning system and 14% higher than ordinary LCFP
system, and is conducive to effectively suppress various
noise interference in the positioning process.
Experiments show that the LCFP system based on SKF
has high positioning accuracy.
The experimental results show that the system is
conducive to reduce the influence of non-Gaussian
observation noise to some extent when data fusion is
performed. Therefore, this system will be suitable for
kinds of data fusion systems that may produce
non-Gaussian observation noise. In the future, the system
framework can be applied to other sensor fusion systems,
such as UWB and lidar fusion positioning system, or
lidar and photoelectric code disk fusion positioning
system, etc.
6. CONCLUSION
The positioning accuracy of the LCFP system based
on SKF is verified by dynamic positioning experiment.
When the anchor is unblocked, the positioning accuracy
of the LCFP system based on SKF is about 35% higher
than UWB positioning system but only about 4% higher
than ordinary LCFP system.. However, when the anchor
is blocked, the positioning accuracy of LCFP system
based on SKF is about 26% higher than UWB
positioning system and 14% higher than ordinary LCFP
system.
The experimental results show that the LCFP system
based on SKF does not show obvious advantages when
the observation noise basically satisfies the Gaussian
distribution. But when the observation noise does not
satisfy the Gaussian distribution, the LCFP system based
on SKF has better performance than the system using the
conventional Kalman filter framework.
Because the system is good at dealing with
non-Gaussian observation noise, it can be used in a
variety of fusion positioning systems that are susceptible
to non-Gaussian observation noise. Such as UWB and
lidar fusion positioning system, or lidar and photoelectric

code disk fusion positioning system, etc. And the related
research has started in laboratory.
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