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Abstract. EKF (Extended Kalman Filter) is a non-linear state estimation algorithm based on the 

development of Kalman filtering technology. In SLAM (Simultaneous Localization and 

Mapping), EKF technology is widely used to realize robots' independent positioning and map 

construction. EKF technology mainly estimates the state of the robot by using the information 

provided by the sensor, and then realizes the robot's self-positioning and the environment's map. 
This paper uses EKF algorithm for testing, and analyses the simulation results, which compared 

with Kalman filtering technology, the main difference between the two is that EKF can handle 

non -linear dynamic systems. In SLAM, robots often detect environmental detection through 

sensors such as laser radar, camera, and then update the position and posture of the robot by the 

receiving sensor data. In this process, the EKF technology can perform non -linearity by sensor 

data by sensor data Transformation makes the state of the robot more accurately estimate. 

Specifically, Extended Kalman Filtering technology can be divided into two steps: prediction 

and update. In the predicted phase, EKF uses the current robotic status and motion equation to 

predict the robot status of the next moment; in the update stage, EKF uses sensors to measure 

data to update the current state of the robot. By repeating the prediction and updating two steps, 

you can get the trajectory of the robot movement and the map of the environment where the robot 

is located. 

Keywords: extended kalman filter, SLAM, non-linear.  

1.  Introduction 

With the continuous development of robotic technology, the SLAM technology has become a very 

important research direction in the field of robotics. SLAM comes from the IEEE robot and automation 

conference held in San Francisco in 1986 [1]. SLAM technology can help robots to achieve autonomous 

positioning and map construction [2], thereby achieving intelligent and autonomous movement 

capabilities. In SLAM technology, algorithm applications based on EKF are becoming more and more 

widespread [3]. SLAM is a concept:  the robot will have an unknown place that is never known to the 

environment. It is positioned by repeated observation maps (such as walls, columns, etc.) in the course 

of exercise. The formula is constructed to simultaneously achieve the purpose of positioning and map 

construction [4]. Extended Kalman Filter is a variant of Kalman Filter. It was developed by R. E. Kalman 

in the 1960s and used to deal with linear systems. EKF can optimize the status estimation problem in 

the non-linear system equation. It transforms non -linear problems into linear problems by linearly non 

-linear equations [5]. The non -linear state estimation algorithm can make high -precision prediction and 

update of the robot state through the information provided by the sensor, and can handle non -linear 
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dynamic systems in complex environments [6]. At present, EKF -based SLAM technology has been 

widely used in the fields of driverless cars, drones and other fields [7], and has achieved remarkable 

research results. This article will review the research status and development trends of applying SLAM 

technology based on Extended Kalman Filtering, and summarize the research results and simulation 

experiments of the predecessors, compare the experimental results and data to verify the feasibility of 

this idea. It aims to provide reference and reference for researchers using the technology in related fields. 

2.  The principle of EKF in SLAM 

EKF-SLAM principle: The core idea of EKF is to expand non -linear functions once, which is similar 

to a linear relationship. Specifically, in the EKF, non -linear functions will be carried out at the current 

point to approach the non -linear measurement [8]. In this way, the non -linear function is converted into 

a linear function. Specifically, the EKF-SLAM algorithm uses the Extended Kalman Filter algorithm to 

estimate the robot's state, which includes position, direction, and speed, while updating the robot's state 

using sensor measurements. In addition, the EKF-SLAM algorithm also uses the robot's sensor data to 

estimate the state of the environment, including the location and characteristics of landmarks. By 

estimating the state of the robot and the state of the environment simultaneously using the extended 

Kalman filter algorithm, the EKF-SLAM algorithm can realize the localization of the robot and the 

construction of the map at the same time. 

In SLAM, EKF is usually used to locate and build maps on robots. Its basic process is as follows: 

Status variables indicate: the position and direction of the robot in the world coordinate system are used 

as a state variable, and at the same time, the position of multiple feature points (such as road signs) is 

used as auxiliary variables to jointly constitute the status vector of the system, as shown in Figure 1. 

(1) System model establishment: Establish system models according to the motor model and 

observation model of the robot [9]. Here, because the robot may have a non -linear situation that changes 

speed and direction, it is necessary to get a linear relationship through Taylor to get closer. 

(2) Status prediction: Based on the control input of the robot and the state estimation obtained in the 

previous step, the state of the current moment is predicted [10]. 

(3) Measurement update: processing the information the robot perceives, updating the status vector 

through observation model, and using the Kalman gain to ensure the system can adapt the state 

estimation value [11]. 

(4) Map Construction: According to the state of real -time renewal of the robot, the map is 

continuously constructed, and at the same time, it is used to optimize and BA and other algorithms to 

improve the stability and accuracy of the map [12]. 

 

Figure 1. EKF-SLAM operating process.  

EKF, as a more classic state estimation method, has a wide range of applications in SLAM. At the 

same time, it also has some problems, such as the system's dynamic and observation equations in 

advance. At the same time, accuracy may be reduced due to a large number of linear calculations. 

Therefore, in practical applications, it can be combined with other algorithms to further improve the 

performance of SLAM. 
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3.  EKF-SLAM specific application 

3.1.  SLAM predictive position and actual location gap 

The article defines the real location of the robot's motion and road signs by using the EKF-SLAM 

algorithm [5], so as to simulate the experimental results: 

 

Figure 2. Robot movement location and road sign location [5].  

 

Figure 3. Road signs position error [5].  

From the test results, the position of the robot's SLAM position is poor, the position of the position 

of the SLAN road signs and the real road signs, and the square error of the robot position and the position 

error of the road signs. It can be seen from the figure 2. and figure 3. that after using EFK-SLAM, the 

position error of the robot has improved significantly, and the second half of the simulation is getting 

smaller and smaller. According to the principle of the SLAM problem, in the process of the EFK 

algorithm, the results of the last estimate will be continuously substituted into the next estimate. After 

the map construction is completed, the robot will continue to observe the road marking to correct their 

position, and the map will also be as the computing continues to become more and more complete, 

theoretically, the entire system will have high accuracy in the later stage of simulation and uncertainty 

will converge. It can be seen that in the simulation experiment, the EFK-SLAM algorithm has high 

feasibility, and the effect is fantastic. 

3.2.  The Kalman filter principle is used to estimate the pose of mobile robots  

In this experiment, the state and observation model creation and pose prediction of the mobile robot 
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were completed. The prediction observation calculation was completed, and the matching process of 

road signs was realized by using the prediction observation and observation measurement. The state 

update uses the Kalman filter principle to realize the pose estimation of mobile robots, and its essence 

is to determine the confidence degree of the predicted pose and the pose corresponding to the observation 

road sign [13]. The following are the simulation results: 

 

Figure 4. The error of the robot in the x-axis direction [13].  

 

Figure 5. The error of the robot in the y-axis direction [13].  

 

Figure 6. Attitude error of a mobile robot [13].  

In view of the precise positioning requirements of mobile robots in the carriage, LiDAR is used to 

obtain environmental point cloud information to extract and observe straight line features, and then 
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match with the straight-line features obtained by using the state model to predict pose, and then complete 

the estimation process of actual pose by the Kalman filter algorithm. [7] The proposed positioning 

method using EKF-SLAM based on straight line features shows that the positioning accuracy is high, 

has good real-time performance, and rapid positioning, which can be used for mobile robot positioning 

control in a limited area. 

4.  EKF -SLAM experimental simulation and analysis 

This simulation realizes the target tracker that uses the Extended Kalman Filter (EKF) algorithm, which 

can process radar and lidar measurement data to generate the corresponding trajectory. Among them, 

EKF plays a role in the following aspects: 

 

Figure 7. Route plan.  

(1) Processing non -linear model: When the system model is non -linear, the conventional Karman 

filter algorithm fails. However, in the EKF, the Taylor number is carried out by the non -linear function, 

which can be linearly to be closely solved. 

(2) Integrate multiple sensors: This program can simultaneously track the target by using data 

received from radar and lidar. This is because EKF is not difficult to integrate with multiple sensors, 

and can adapt to choose the best observation value. 

(3) Tracking noise system: Since noise in the system often exists, it must be modelled and considers 

its impact on the results. By capturing the statistical characteristics of system noise, EKF can more 

accurately predict and track systems with noise. 

Read data from radar and laser sensor data files (CSV files). For each time step, determine the type 

of sensor (radar or laser). The matrices and parameters required in the construction of EKF include state 

transition matrix (F), process noise covariance matrix (Q), measurement noise covariance matrix (R-l 

and R-r), state estimation error covariance matrix (P), etc. Predict states for different sensor types and 

update state estimates and state estimation error covariance matrices. Among them, the laser sensor 

measurement is directly used for status update, while the radar sensor measurement needs to be 

converted for status update. The position estimated by the EKF and the position measured by the sensor 

are displayed as graphs for visualization and evaluation of the results. In summary, the role of EKF in 

this code is to estimate and track the location of the target through model prediction and measurement 
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updates. 

5.  Conclusion 

In the above simulation, the application range of the Kalman filter algorithm is expanded based on the 

expansion of the Kalman filter algorithm, enabling it to handle non linear transformations such as 

rotation and translation in the robot state in the robotic state, as well as non linear characteristics such 

as noise and errors. By applying EKF technology, these problems can be effectively solved and a more 

accurate robot location and map information can be obtained. In practical applications, the Extended 

Kalman Filter algorithm needs to consider many factors, such as the degree of nonlinearity of the system, 

the size of the measurement noise, and the linearization error. In addition, the Extended Kalman Filter 

algorithm also has its limitations. For example, it may cause instability in the estimation error when 

dealing with highly nonlinear problems. Therefore, when using the Extended Kalman Filter algorithm, 

it is necessary to make reasonable selection and parameter adjustment according to specific application 

scenarios and problem characteristics. Overall, the application of Extended Kalman Filter technology is 

of great significance for the realization of robot autonomous localization and navigation. By using this 

technology, robots can more accurately estimate their own state and the state of the environment, and 

generate more accurate maps and path planning. Therefore, the Extended Kalman Filter algorithm has 

become an indispensable part in the field of robotics, providing important technical support for solving 

problems such as autonomous navigation and environmental perception. 
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