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Infrared ranger-based mobile robot navigation
Abstract. This paper presents a mobile robot navigation problem. The robot is supposed to move between two walls, based on data from infrared ranger. In the paper the results of applying EKF algorithm to real mobile robot platform are also given.
Streszczenie. Artykuł ten prezentuje sposób nawigacji robota mobilnego pomiędzy dwoma ścianami, opierający się na danych pochodzących z dalmierza na podczerwień. Zaprezentowane są także rezultaty zastosowania algorytmu EKF do tego problemu, dla rzeczywistego robota mobilnego.
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Introduction


One of the most important problems connected with mobile, autonomous robots is to estimate it’s position, based on the knowledge of data from different sensors. In this paper a problem of estimation of the position of a robot between two parallel walls is presented. As a sensor an infrared ranger placed on rotational turret in front of the robot is used. 

The Robot description


The robot was built by the Author of the paper, basing on a caterpillar driven chassis. It is equipped with:

· two motors „Speed 280 RACE” ,
· ATmega16 microcontroller: up to 16MHz ,4xPWM, 8xADC, 16kB Flash, 2Kb RAM, USART, ISP
,

· stepper motor,

· infrared ranger.

The ATmega16 C [4] has two 8 bit timers and one 16 bit timer which can generate four PWM signals. This PWM signals are used to control the motors by two MOSFET H-bridges. ISP (In-System Programming) makes programming process faster and easier (without the necessity to remove the C from controller board to place it in the chip programmer). It has also 8 multiplexed ADC inputs which are used to connect sensors, for example an infrared ranger. The stepper motor (which rotates the turret) is also controlled by the microcontroller. The microcontroller is programmed  in C language using CodeVisionAVR C Compiler.

Infrared ranger

The ranger measures a reflected infrared ray generated by IR LED. The measured signal is amplified by operational amplifier and is transferred to the ADC input of the microcontroller. 

Infrared ranger’s function of length approximation is obtained, using experimental data and least square approximation, as follows:
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As it could be seen from Fig. 1, this approximation is not perfect especially for greater lengths, but is good enough for the problem being solved.
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Fig. 1 Infrared ranger characteristics.
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Navigation Problem


The navigation problem is to estimate the position of the robot (and especially its orientation) between two parallel walls as it is shown in Fig.2. In order to make the problem easier, let us assume that robot is placed on a symmetrical axis of the walls.
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Fig.2 Mobile robot navigation scheme.

Where:

h - length measured by ranger.  

d - length between robot and wall. 

-angle of robot  position.

- angle of  ranger position (90 ,-90 ). 

Robot’s kinematics is described by the following 
equations [1]:
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where  is an angular velocity, is a linear velocity and hmax is a maximum length which can be measured by the ranger.  

The Extended Kalman filter equations are given 
as follows [2,3]:
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where the state vector is chosen as:
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Matrix Hk, is obtained by linearization of the function h(k,) as follows:
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In the same way the matrix k is obtained as:
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Experimental results


Presented data were collected from real robot for three positions (0-40 and20in static situation (for vd=0 and d=0) and for angle changing from 0to 70for dynamic situation (for vd=0 and d=1.15rpm)For each position in static situation three groups with 23 samples each were collected. This gives one sample per 8 of rotation of the turret
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Fig.3 Data from robot for  around 0
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Fig.4 Data from EKF for 3 groups with 23 samples each.
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Fig.5 Data from robot for  around  -40

According to figures 4, 6 and 8 we can notice that the results are oscillating around the proper values of angles. It is caused by quite high error of length approximation. We can also see that the proper value of angle estimated corresponds to 0 of ranger position, when the measurements are equal to hmax.

[image: image12.jpg]30 40
number of samples

50

60

70




Fig.6 Data from EKF for 3 groups with 23 samples each.
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Fig.7 Data from robot for  around 20
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Fig.8 Data from EKF for 3 groups with 23 samples each.


In dynamic situation 9 groups of 24 samples each were collected.  As it is shown in Fig. 10 the EKF results are oscillating around proper values (similar to results presented above).  The angle increase caused by angular velocity  could also be noticed.  
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Fig.9  Data from robot for  form 0to 70
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Fig.10 Data from EKF for 9 groups with 24 samples each

Conclusions


As it is shown above the (low cost) mobile robot 
was constructed successfully. Possibility of using ATmega16  microcontroller as a control unit was tested. The main part of algorithm was implemented in ATmega16 in C language. The EKF algorithm was used for real data with real uncertainties. 


Future work will be focused on two areas. First area is the mobile robot and ranger improvements, for example by adding radio transceiver 2.4GHz, ultrasonic sensors etc.  The robot presented is just a prototype. The second area is to improve the algorithm part by implementing more numerically stable KF algorithms, and by improving mathematical model of the robot. The future work will include the tests of algorithm behavior when robot is in motion.  
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