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Development of distance sensor module with object tracking

o] -85t
function using radial arrangement of phototransistor for
educational robot

Se-Hyoung Cho

Abstract
operation principle of these sensors and how to apply them. Although commercialization of radial distance sensor

Radial distance sensors are widely used for surveying and autonomous navigation. It is necessary to train the
continues to be cost-effective through lower performance, but it is still expensive for educational purposes. In this paper
= 71}0:_

we propose a distance sensor module with object tracking using radial array of low cost phototransistor which can be

used for educational robot. The proposed method is able to detect the position of a fast moving object immediately by
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arranging the phototransistor in the range of 180 degrees and improve the sensing angle range and track the object by
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the sensor rotation using the servo motor. The scan speed of the proposed sensor is 50~200 times faster than the
commercial distance sensor, thus it can be applied to a high performance educational mobile robot with 1ms control loop.
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Fig. 1. Low cost 1D displacement sensors(Phototransistor,
Photodiode array, Ultrasonic, Laser TOF).
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Table 1. Specification of low cost 1D displacement sensors.
The phototransistor is inexpensive and fast in operation.
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Simultaneous Processing | Maximum
Sensor type Cost . R X
operation time distance
Phototransistor | Low Yes 0.1ms 30cm~1Im
Photodiode array | High Yes 50ms 30cm~5m
Ultrasonic Low No >3ms (50cm) 5m
Laser ToF High Yes >20ms 2m
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Fig. 2. Schematic of the light emitting part and the light
receiving part of the infrared sensor module.
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sensor by measurement distance and direction.
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Fig. 4. Reflected light intensity according to direction and
distance of object. The x and y axes are direction
and distance, respectively, and the z axis is the
intensity of the reflected light.
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Radial distance sensor module using radial arrangement
of phototransistor and servo motor.
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Educational robot using radial distance sensor module.
The sensor should be calibrated to the given object.
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z: Computed direction of object{degree)

x: Direction of object(degree)

y: Distance between sensor and object(cm)

Fig. 8. Recognizing direction of object of radial sensor. The x
and y axes are the actual values of the distances
from the direction of the object, respectively, and the
Z axis is the direction of the object sensed by the
sensor. It detects the angle correctly up to 35cm.
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Fig. 9. Directional recogniion of objects in a radial sensor. The
x-axis and the y-axis are the actua vaues of the
direcion and distance at which the object exists,
respectively, and the z-axis is the directional error of
the sensor. It was recognized that the angular error was
within 2° to the sensor's measuring range of 3cm. The
error around 90° is due to a part of the object going
out of the sensor’'s angular range of measurement.
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z: Sum of intensity of reflected light
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x: Direction of object(degree)
y: Distance between sensor and object(cm)

Fig. 10. Recognition of reflected light intensity of a radial
sensor object. The x-axis and the y-axis are the
actual values of the distance in the direction in
which the object exists, and the z-axis is the sum
of the intensity of the reflected light measured by
each sensor.
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Fig. 19. Shows the trajectory of the object detected by the
radial distance sensor on the Cartesian coordinates.
Unlike Fig. 12, object tracking using servo motor
has no distance distortion.
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Fig. 20. The direction and distance trajectory of the object
detected by the radial distance sensor.
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Fig. 21. Shows the trajectory of the object detected by the
radial distance sensor on the Cartesian coordinates.
Unlike Fig. 14, object tracking using a servo motor
has no distortion.
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Fig. 22.. Object position recognition and movement path
tracking robot using radial infrared sensor module.
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