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Abstract 

Environments with varying magnetic field distortion cannot be navigated stably with magnetic anomaly based 

navigation algorithms. In this study, we propose a stable navigation solution for various indoor environments by 

fusing magnetic anomaly matched trajectories and mobile robot inertial trajectories. The proposed method uses dead 

reckoning as the primary navigation system and compensates for the navigation sensor error with a feedback structure 

through the optimization of the anomaly matching trajectory and dead reckoning trajectory. In addition, by 

determining the trajectory key-frame, the extended Kalman filter measurement update is performed using only the 

localization results with high accuracy. An open dataset was used to verify the performance of the algorithm, which 

was compared with existing algorithms. The proposed method is cost-effective, because the proposed method uses 

only an odometer, gyroscope, and magnetometer for indoor navigation. 
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1. Introduction 

Positioning is essential However, in indoor 

conditions where global navigation satellite system 

signals cannot be received, fusing sensors are 

required to calculate the position [1-4] without 

divergence [5,6]. However, recent studies have 

mostly focused on suppressing the divergence of 

position to achieve acceptable navigation accuracy, 

and do not consider the cost. When the cost is 

considered, the magnetic anomaly matching 

localization method can be a superior solution, and 

several studies have established it as an acceptable 

indoor positioning system [7,8].  

However, owing to the similar steel structure inside the 

building, there are multiple distorted magnetic fields with 

similarities, which results in position errors. When the 

magnetic anomaly localization results are merged using 

the extended Kalman filter (EKF), this position error 

propagates and causes navigation errors. Magnetic fields 

are distorted due to several reasons, and thus, the 

measurement covariance, which is the localization 

accuracy, cannot be defined with a constant value. This 

may result in large navigation errors or failures.  
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In this study, to solve this problem, the position result 

calculated through magnetic anomaly localization is 

configured as a trajectory and used for navigation. The 

calculated trajectory is compared with dead reckoning 

(DR), which calculates the position and altitude using 

mobile robot wheel spin and gyroscope. In the process of 

optimizing the trajectory, the navigation sensor error was 

calculated, and the navigation performance was 

improved by compensating it with a feedback structure. 

In addition, a stable and accurate indoor navigation 

algorithm was implemented by performing position 

measurement updates by detecting a straight section with 

a high localization accuracy of the magnetic anomaly-

matched trajectory as a key-frame. The implemented 

algorithm was verified using an open dataset.  

The remainder of this paper is organized as follows. In 

Section 2, magnetic anomaly matching and trajectory 

optimization techniques are described. Section 3 

describes the evaluation of the algorithm quantitatively 

using an open dataset, and Chapter 4 presents the 

conclusions. 

2. Mobile robot navigation using magnetic 

anomaly-matched trajectory 

2.1. Magnetic anomaly-matched trajectory 

Magnetic anomaly based localization is divided into 

methods that use a cost function and those that use a 

probability model. 

In this study, each technique must be independently 

localized, because we consider that the magnetic 

anomaly and DR trajectory are fused. The cost function-

based method has low accuracy when only the magnetic 

anomaly matches; therefore, in this study, a magnetic 

anomaly-matched trajectory was constructed using a 

probability-based hidden Markov model (HMM). 

Fig. 1 shows the HMM in which each parameter is 

connected at the current time t and previous time t-1. 

Each hidden parameter of the HMM was selected as a 

magnetic map grid point within 3 m based on the 

previous location, and the transition probability 𝑎𝑁𝑗 was 

modeled as the distance of the grid point based on the 

previously determined location. 

 

𝑎𝑁𝑗 =
1

√2𝜋𝜎𝑑
𝑒𝑥𝑝⁡(−

(‖𝑴𝒂𝒑(𝑁)−𝑴𝒂𝒑(𝑗)‖2)

2𝜎𝑑
2 )  (1) 

 

 

Fig. 1. HMM model for magnetic anomaly-matching. 

Eq. (1) gives the transition probability, where 𝐌𝐚𝐩(∙)  
means a matrix that stores the positional coordinates of 

the preconfigured magnetic field grid points, 𝑵, 𝒋 is an 

index representing a row, and 𝜎d  is the variance value 

according to the distance, selected as √3, which is the 

area setting value. 

The emission probability 𝑏𝑗 is modeled by the difference 

between the measured magnetic field and the constructed 

magnetic field map. 

 

𝑏𝑗 =
1

√2𝜋𝜎𝑚
exp⁡(−

(𝐌𝐚𝐠(𝑗)−𝑚𝑎𝑔)2

2𝜎𝑚
2 )    (2) 

 

In Eq. (2), 𝐌𝐚𝐠  is the magnetic field stored at a pre-

configured grid point, and 𝒎𝒂𝒈  is the magnetic field 

measured at the current time. Here, 𝜎𝑚 is 𝑣𝑎𝑟(𝐌𝐚𝐠), the 

variance of the total magnetic field recorded in the 

magnetic field map. 

Using Eqs. (1) and (2), the forward probability at each 

time point can be calculated, as shown in Eq. (3). 

 

s𝑡(𝑗) = Σ𝑖=1
𝑁 s𝑡−1(𝑖)𝑎𝑖𝑗𝑏𝑗     (3) 

  

After calculating the parameter probability, and decoding 

using the Viterbi algorithm to form the trajectory. 

Therefore, a trajectory is constructed by collecting the 

positions of the grid points with the maximum probability 

among the forward probabilities. The trajectory was 
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smoothed using spline fitting, and the trajectory 

arrangement interval was 1 second. 

2.2. Key-frame detection and error compensation 

techniques 

In this study, to minimize the error of the magnetic 

anomaly matched trajectory and DR trajectory, stable 

navigation is performed by compensating for the 

odometry scale factor error, which is the wheel rotation 

error and gyroscope bias. 

In the case of the turning section, wheel slip occurs 

significantly, and magnetic anomaly matching results 

become inaccurate. Thus, the odometry scale factor error 

and gyro bias are compensated through trajectory 

information, not position error compensation. 
 

𝑒(𝑜𝑠, 𝑏𝑔) = ⁡𝑎𝑟𝑔𝑚𝑖𝑛
𝑜𝑠,𝑏𝑔

‖𝐌𝒕𝒓 −𝐃𝒕𝒓‖
𝟐   (4) 

 

In Eq. (4), 𝐌𝒕𝒓 is the position of the magnetic anomaly-

matched trajectory, and 𝐃𝒕𝒓  is the position of the 

trajectory calculated by DR. Stable navigation is 

performed by calculating the odometry scale factor 𝒐𝒔 
and gyro bias 𝒃𝒈  that minimize the position errors of 

mutual trajectories and then compensating for them. 

Even if the odometry scale factor error and gyro bias are 

compensated, the position eventually diverges over time 

if the position is not compensated. Therefore, in a straight 

section with a relatively high magnetic anomaly 

matching accuracy, the position error is compensated by 

using the matched position as the position measurement 

of the EKF. 

The turning and straight sections were detected according 

to the gradient change in the magnetic anomaly-matched 

trajectory. When the detection result was straight, EKF 

measurement was performed to compensate for the 

position error. 

Fig. 2 shows the trajectories of the detected turning and 

straight sections. After calculating the trajectory, the 

odometry scale factor and gyro bias that minimize the 

error between dead reckoning and magnetic anomaly 

matching trajectory were calculated and compensated. 

The EKF navigation model and process are described in 

[9], and the algorithm structure of the mobile robot 

navigation system proposed in this study is illustrated in 

Fig. 3. 

 

Fig. 2. Magnetic anomaly-matching result and smoothed 

trajectory (a) detected turning section (b) detected 

straight section. 

 

Fig. 3 Full block diagram of the proposed navigation 

algorithm 
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3. Verification using the open dataset 

The proposed algorithm was verified using the MagPIE 

dataset [10]. The algorithm accuracy was analyzed for 

three trajectories out of the entire dataset, and the 

magnetic map grid size was selected as 0.2 m. 

 

Fig. 4. Algorithm result for the entire section and turning 

section. 

As shown in Fig. 4, it can be confirmed that stable 

navigation is realized. In addition, because the position is 

not used directly, a structure that compensates for the 

errors is used. Therefore, it is not dependent on magnetic 

anomaly matching results. The algorithm performances 

for the three experiments are presented in Table 1. 

 

Table 1. Position RMSE (MM is magnetic anomaly 

matching) 

 DR (m) Proposed (m) 

Dataset1 7.4037 0.2976 

Dataset2 7.0465 0.3572 

Dataset3 18.708 0.5583 

The proposed technique enables navigation with very 

high accuracy compared to DR. In addition, the magnetic 

anomaly matching technique must determine the region 

corresponding to the candidate group based on the 

previous location. When using the proposed technique, 

the DR performance and localization accuracy of the 

magnetic anomaly matching technique are improved. 

4. Conclusion 

This study aimed to improve the inaccuracy of the 

magnetic anomaly matching technique, which can be 

used to construct a low cost indoor navigation system. 

The proposed method used the localization result as 

trajectory information instead of the measurement of the 

EKF, and demonstrated that it is possible to perform 

navigation accurately and stably by compensating for the 

error with an optimization method in a turning section 

with less accuracy. In the future, we plan to conduct more 

rigorous verification by conducting our own experiments. 
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