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Abstract 

The Kinematic model of the robot is a very important part in SLAM, It’s error model will influence 
the positioning accuracy of robot and map building. Generally, the motion model   relies simply on the data from 
encoder feedback. Due to cumulative error, the robot pose accuracy is relatively poor by mileage positioning with 
encoder. Here a new method is put forward based on data fusion of gyro sensor with the encoder data, and the robot 
pose accuracy is analyzed and improved. Then we use the optimization Kinematic model on SLAM to verify the 
robustness. 
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1. Introduction (Basic Measurement Unit) 

The idea of pose measurement system based on the 
fusion is as following: firstly, build motion analysis 
model; then with the inertial sensor data, give the 
accurate pose estimation. 
Hardware IMU measurement system used in this paper 
to achieve mini atomization of inertial measurement 
through the MEMS technology, the IMU module 
contains ITG3205 gyroscope, ADXL345 accelerometer, 
HMC5883L electronic compass. The sensor is 
connected to the microprocessor via a bus, and the 

microprocessor reads and writes data correction of 
sensors. 1 
Gyroscope, accelerometer, compass data from these 
three sensors output are implemented on an I ² C bus 
interface, the sensor run as a slave device, a 
microprocessor done as the master device. 2 The system 
structure is shown in Figure 1. 
The MEMS sensor with 3 axes digital output angular 
velocity, each axis is provided with a 16bit A/D 
converter, built-in low-pass filter with adjustable 
bandwidth, shown in figure 2. 3 The measuring range is 
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± 2000 ° /s, and ADC output frequency can be adjust in 
the range of 8000HZ to 3.9HZ. 
 

 

Fig.1. IMU pose measurement system architecture diagram 

 

Fig.2. ITG-3205 structure diagram 

ADXL345, the three axis acceleration of an ultra-low 
power design, measurement range of up to ± 16g. 
Moreover, the device also has the knock detection, free 
fall detection, etc., shown in figure 3. 

 

Fig.3. ADXL345 structure diagram 

Electronic compass HMC5885, as a low cost electronic 
compass with a high precision, has a 12 bit ADC 
conversion accuracy, compass navigation precision can 
be 1° or 2 °. 

2. Analysis of DCM Algorithm 

The DCM algorithm is as followings: a nonlinear 
correlation gyro measurement data and the direction 
cosine change rate of difference equations. 4 The flow 
algorithm in digital system is shown in figure 4. 

  Fig.4. ITG-3205 structure diagram 

2.1. The Kinematics analysis algorithm 

The kinematics equation is: 
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Where ( 0 )r    is the initial vector 
Further, in the global coordinate system, using the 
method of approximate matrix, it will be 
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For error compensation of angular velocity, a modified 

angular velocity is introduced, which is determined by 

the angular velocity and its correction. 

( ) ( ) ( )gyro co rt t t                                 （4） 

Formula (5) is the DCM update equation matrix about 

gyroscope.  
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Here, , ,x x y y z zd dt d dt d dt         
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2.2. Drift compensation 

In order to calculate the Roll, Pitch, Yaw for 
compensation, a feedback PI controller is introduced. 
The controller error calculation of Roll and Pitch uses 
the acceleration and the electronic compass Yaw error.  
In our experiments, the following figure is drawn based 
on the sensor data by IMU sensor. 

 

Fig.5. Orientation sampling curve 

 

Fig.6. Three axis speed curves 

 

 

Fig.7. Three axis angle velocity curves 

In figure 6, the movement state of three axises are given. 
Z axis acceleration is caused by the acceleration of 
gravity. In figure 7, they are three axis angular velocity. 

3. The Extended Kalman Filter Algorithm 

Now the encoder measuring odometry data (Odom) and 
the inertial measurement data (IMU) can be determined. 
The full state vector in the space is expressed as 

 , , , , , , ,
T

k k k k k k k k kx X Y Z                      （6） 

With t  time, we can get 
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Where   is parameter of the wheel diameter and 

encoder. The pose after t  will be 
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The EKF data integration system model is given as 
follows: 

kx
 

Fig.8. EKF data integration system model 

The extended Kalman filter with fusion of encoder and 
gyroscope data, the system state equation is derived: 
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1 1|k k k k k kx x W   
                                  

（9） 

The measurement model for encoder is 
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The simplified IMU mathematical model is 
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Error covariance of the matrix is: 
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With above the measurement model and state transition 
model, using the extended Kalman filtering, the robot 
pose estimation can be determined.  
In order to validate the Kalman filter, with the above 
data, Matlab simulation is performed. 

 

Fig.9. The introduction of Kalman filter wave curve 

Figure 9 is the introduction of Kalman filter wave curve. 
The output curve gets smoothing, and angle estimation 
accuracy is greatly improved. 

4. The Simulation Experiment of SLAM  

When we use only the encoder as the sensor, We 
measured the control noises of mobile robot 
Kinematics model is: 

0.4 /v m s  , 6G radians   
And when we use the improvement of our new method, 
the control noises is: 

0.3 /v m s  , 3G radians   
Then we carries on the simulation test of SLAM using 
the different control noises, the results as below: 
 
 

 

Fig.10.The simulation test of SLAM 

( 0.4 /v m s  , 6G radians  ) 

 

 

Fig.11.The simulation test of SLAM 
( 0.3 /v m s  , 3G radians  ) 

 We can see from the Fig10 and Fig11, after using the 
new method on SLAM, Robot positioning is more 
accurate, the robustness is improved obviously. 

5. Conclusions 

In this paper, the Kalman filtering accelerometer, gyro 
and the electronic compass fusion method is studied. 
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Based on dynamic test data, the Kalman filter 
compensates the sensor drift, noise and other factors 
caused by the accelerometer, gyroscope and the 
electronic compass. It reduces the angle measurement 
error, and improves the operation accuracy. The 
experiment results show the effectiveness of the 
proposed method. 
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