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Abstract 

In order to solve the problem of long-term cumulative error and real-time performance 
of inertial navigation system, an autonomous navigation multi-source information 
fusion algorithm based on factor graph is proposed. Based on the sum product method, 
the factor graph model is used to estimate the state based on the maximum a posteriori 
probability, and the ultra-wideband technology and vision sensor are used to calibrate 
the inertial navigation system with cumulative error, and the error correction is 
completed. The simulation results show that the error of this algorithm is only one third 
of the cumulative error of inertial navigation, and its real-time performance is higher 
than other algorithms. 
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1. Introduction 

With the rapid development of information fusion technology, information fusion technology 
has gradually transformed from multi-sensor information fusion to multi-sensor information 
fusion [1]. Multi source information fusion is an interdisciplinary subject, which integrates 
control, electronic information, computer and mathematics [2]. In order to solve the problem 
of multi-source information fusion technology, the estimation fusion method goes hand in hand 
with the improvement of various navigation systems. Since the Kalman filtering (KF) was 
proposed by R. E. Kalman in 1960, data fusion methods such as particle filter, federated filter 
and sequential filter have gradually appeared. Then, the concept of factor graph has emerged, 
which has set off an upsurge of research on multi-source information fusion technology for 
positioning and navigation [3]. 

In the outdoor environment, the research of various integrated navigation systems is quite 
mature, but the accuracy of the autonomous navigation system in the indoor environment 
needs to be improved. Due to the special indoor environment, all kinds of navigation systems 
are more or less disturbed. Therefore, more attention should be paid to the selection of 
navigation sources. Inertial positioning is one of the preferred positioning methods for indoor 
positioning, because it does not need any external environment such as base station. However, 
due to the cumulative error of inertial navigation, other navigation sources are required to 
correct the accumulated error. The basic idea of factor graph algorithm is to build a graph model 
of the system in a certain period of time, associate the system state with navigation information, 
and realize data fusion based on posterior estimation theory. In other words, the maximum 
posterior probability estimation of joint probability distribution function of all States is 
calculated after all available measurement values are given. In this paper, based on the factor 
graph theory, the information fusion of inertial measurement unit (IMU), ultra wideband (UWB) 
technology and Bluetooth positioning technology is carried out. Inertial navigation is the main 
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navigation source, Bluetooth and ultra wideband technology are used as the guidance source 
to correct the cumulative error of inertial navigation, and an algorithm is proposed to improve 
the indoor positioning accuracy [4]. 

2. Integrated navigation system 

2.1. Inertial navigation system 

The gyroscope and accelerometer of INS provide navigation parameters by measuring the 
acceleration and angular rate of the carrier in three-dimensional space. However, INS 
navigation errors accumulate with time, and long-time use will lead to divergent results. The 
measurement accuracy is divided into several grades: medium precision, INS precision and 
consumption precision. Navigation level is the highest accuracy, generally used for warships, 
submarines and aircraft, its accuracy is less than 18km (24h). According to the requirement of 
the US Army, the horizontal positioning error in the first hour is less than 1.5km. The IMU of 
medium precision class is about ten times lower than that of aviation class. Tactical level usually 
needs combination, otherwise the working time is very short. The consumer level with the 
lowest accuracy is often sold in the form of independent gyroscope or accelerometer, and the 
product is incomplete and uncalibrated [5]. 
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Fig.1 Calculation process of INS 

2.2. Ultra wideband technology 

TOF ranging technology is usually used in UWB positioning [6]. Ranging requires at least three 
anchor points (space base station) and one tag (vehicle tag). The relative distance between 
them is determined by calculating the transmission time difference between the anchor point 
and the tag, which is similar to the pseudo range positioning technology in GPS. Its advantage 
is that TOF ranging technology does not rely on the time synchronization between the base 
station and the tag, so there is no error caused by clock synchronization deviation, but the time 
of TOF ranging method depends on the clock accuracy. Therefore, this paper adopts the 
asynchronous tw-tof method, and its measurement model is shown in Figure 2. This method 
does not need the time synchronization between the anchor and the tag. According to the time 
difference generated by data interaction, the distance between the anchor and the tag can be 
calculated, so as to eliminate the error caused by the clock precision offset of TOF ranging mode. 
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Fig.2 Measurement model of the TW-TOF method 

2.3. Bluetooth positioning 

The appearance of Ibeacon makes it possible to find a low-cost location service for Bluetooth 
location. Ibeacon has the advantages of no networking, no charging, a battery can work for more 
than 3-5 years, and the cost is relatively controllable. This provides the necessary conditions 
for the extensive deployment of Ibeacon. Moreover, on the basis of positioning, the trajectory 
information of the navigation personnel is obtained synchronously, which provides feasible 
data support for commercial location. Therefore, Ibeacon positioning is mainly applied in 
shopping malls, stations, hospitals, museums and other densely populated areas with large 
floating population, and the most mature application is in stations, hospitals, museums and 
other areas. 

In this way, the Ibeacon base station continuously sends the broadcast. After receiving the data 
sent by the Ibeacon device, the device (mainly the mobile phone) calculates its own position 
through the algorithm. Moreover, when positioning through Ibeacon base station, WiFi 
fingerprint information will be collected at the same time, so that WiFi and Ibeacon base station 
positioning can be combined to achieve lower cost and higher precision positioning 
management. 

This kind of positioning method is simple and convenient, and can adapt to many occasions. 
However, the data transmission of this positioning method depends on the equipment itself. 
The equipment itself needs the data to have its own data transmission function. Moreover, from 
the perspective of navigation, the equipment also needs to have many requirements such as the 
screen. Therefore, it is difficult to meet some internal positioning requirements, such as nursing 
homes and visitors. 

3. Multi source information fusion algorithm based on factor graph 

The basic idea of factor graph algorithm is to build the graph model of the system in a certain 
period of time, associate the system state with the navigation information, and realize the data 
fusion based on the posterior estimation theory. That is to say, the maximum a posteriori 
probability estimation of joint probability distribution function of all States is calculated after 
all available measurements are given. In the application of multi-source integrated navigation 
based on factor graph, inertial navigation has high data generation rate and anti-interference, 
so it is generally regarded as the reference source of integrated navigation system. However, 
because the error of inertial navigation will accumulate and diverge over time, it is necessary 
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to introduce other sensor systems for data fusion. Therefore, factor graph provides a very 
flexible framework to integrate these complementary information sources. According to the 
actual characteristics of UAV integrated navigation system and the optional navigation sensor 
equipment. The system takes inertial navigation system as the main reference source, ultra 
wideband technology and visual sensor as guidance source, and abstracts the measurement 
equations of three navigation systems into three kinds of factor nodes. 

One of the most important problems in sensor integration of multi-source integrated navigation 
system in complex environment is the dynamic change of sensor type with time. When the 
sensor is "inserted" or "removed" in the system, the state quantity of the system may change 
abruptly. This situation is the result of flexible integration of sensors, and the redundancy of 
sensors is the key to keep the system flexible integration. 

According to the operation of the system, it can be divided into the following situations: the first 
is that the type of available sensor does not change in a certain period of time, that is, the system 
operates normally; the second is that a working sensor fails due to environmental factors, that 
is, it cannot output the measured value, that is, the phenomenon of "removal"; the third is that 
the failed sensor returns to normal operation or acts as an opportunity signal Output in a 
variable time, that is, the phenomenon of "insertion". 

Assuming that there is an observation Z1,Z2,…,Zn at the i-th moment of the system, it can be seen 
from the assumption of Gaussian distribution that due to all measurements. The model can be 
expressed as: N(Zk,𝑚𝑍𝑘 ,𝜎𝑍𝑘

2 ). According to the probability model of the system: 

                           1| | |ik k ik i k ikp x Z p X X p Z X                                               (1) 

For simple consideration, it can be considered that the accuracy of the fusion result of each 
measurement and state quantity is equal. So the corresponding covariance is: 
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From the sum product method, we can see that: 
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According to equation (3), the fusion results of each state variable and measurement can be 
obtained, and then the fusion can be carried out according to the mean value and variance of 
the variables contained in each subsystem: 
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4. Simulation results and analysis 

The integrated navigation system is taken as the simulation object. Matlab is used as the 
simulation tool. In the simulation, the sampling frequency of INS is 100Hz, that of UWB is 10Hz, 
and that of Bluetooth module is 10Hz. The motion trajectory is a ring, which is divided into two 
axes: x-axis and y-axis. After comparing the factor graph algorithm with the federal Kalmar 
filtering algorithm, the results are shown in Table 1. It is found that the factor graph algorithm 
has lower error amplitude, higher real-time performance and higher positioning accuracy. 
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Table 1 Closed loop error comparison 

Axis Federal Kalman Factor diagram 

x 1.48% 0.45% 

y 1.51% 0.47% 

5. Summary 

In this paper, a multi-sensor integrated navigation algorithm based on factor graph is proposed 
to realize the information fusion of indoor integrated navigation system. In this method, the 
navigation state error is abstracted as a variable node, and the measurement information of 
each navigation sensor is abstracted as a factor node. The simulation results show that the 
accuracy of multi-sensor integrated navigation algorithm based on factor graph is higher than 
that of Federated Kalman filter algorithm. 
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