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Object-tracking robot using ultrasonic sensor and servo motor
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Abstract: This paper proposes a method that rotation angle of servo motor and distance values of ultrasonic sensor are used
for tracking an object in real-time while the robot keeps regular distance. Object detection distance widens by using ultrason-
ic sensors and object recognition, and movement of robot is controlled by angle of servo motor and distance of ultrasonic sen-
sors. Not adopting the existing tracking methods: camera, laser-infrared(LRF) and many ultrasonic sensors, the proposed
method proves that it is possible to track object using ultrasonic sensor and servo motor. Trajectory of robot is represented

and analysed according to movement of object in limited conditions.
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Recent research on intelligent mobile robots has
been actively performed, the robots for various pur-
pose in industry and real-life are being developed.
Accordingly with a focus on cleaning robots and ser-
vice robots, robot market is growing rapidly and it
is being picked as a new field of the future. There
are robot’ s two functions for use in everyday life.
The first is the estimated position using external in-
formation, and the second is the performed function
according to people’s intention. Along with the de-
velopment of intelligent robot technique, many
methods for humans interaction with robots are pro-
posed, and tracking a target is one of them. Track-
ing robot is expected to be applied for various pur-
poses like automation of industry, service robot,
observation and alert'".

The sensor commonly used in mobile robot’s en-
vironmental recognition system is vision sensor, la-
ser sensor, and ultrasonic sensor such as CCD cam-
era. Compared with the others, vision can gather
the accurate environmental information through the
image processing, but there is an amount of data for
the process. When handling the process, it requires
high-end system, so the cost increases >*' . It is diffi-
cult to get the exact information by the laser sensor
due to the fact that the sensor is influenced by the
surroundings*>'. In contrast, the ultrasonic sensor
has two advantages. First, the ultrasonic sensor is
influenced less than the laser sensor by the sur-
roundings. Secondly, in comparison to the vision,
the sensor can have the data accurately and correct-
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ly at a reasonable price'®’ .

There are many methods for recognizing object,
but among them, there is a method commonly used
by placing a large number of ultrasonic sensors in
the system. However, when the robot recognizes
object, because the reflection angles of sound waves
change with the change in direction of the object,
each ultrasonic sensor’s data enter another unit de-
pending on the direction change of the object’®™ .

To solve this problem, we propose the method
that ultrasonic sensor data and rotation angle of the
servo motor are used for tracking object. Section 1
shows ultrasonic sensor, system configuration, char-
acteristics of servo motor and its application. Sec-
tion 3 describes tracking control method of the ro-
bot by means of rotation angle and moving average
filter. In section 3, experimental methods and re-
sults are shown. A conclusion is drawn finally.

1 System configuration and use of ul-
trasonic sensor and servo motor

1.1 Ultrasonic sensors

Ultrasonic transmitter and receiver are a pair,
Distance data are expressed by controlling a pulse
width about coming time in which ultrasonic is re-
flected from an obstacle and degree of precision is
less than 2 cm. Here pulse width is proportional to
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distance from obstacle. The output range is 0.03 —
3 m and the maximum angle is 45 degrees. The mea-
surable mininum time is 36 ms. Fig. 1 shows the
range of ultrasonic sensor. Here, angle is 45 degrees
in the datasheet, however, the actual measurement
value is less than the value of the datasheet.

180°

Fig.1 Characteristics of the measuring range of ultrasonic
sensors

1.2 Servo motor

Servo motor points regular direction along with
pulse width. Operation angle of servo motor used in
this research is maximum 160 degree, the input volt-
age is 5 V.

1.3 Use of ultrasonic sensors and servo motor

Ultrasonic sensor can only represents distance. If
you want to know not only movement distance but
also direction, DC motor encoder and compass sen-
sor should be used additionally. Rotation angle of
mobile robot is output and movement of mobile ro-
bot is compensated using this angle'’’.

As shown in Fig. 2, ultrasonic sensor is fixed to
servo motor for pointing specific height with detec-
tion range 90 degrees. When using a single servo
motor, it cannot detect the front range of 180 de-
grees and this can cause malfunction of the servo
motor because of excessive motion. So, we install
two servo motors for detecting 180 degree and this
can reduce detection time. In addition, it can detect
wider range than the fixed ultrasonic sensor and
shows the same effect like multiple ultrasonic sen-
sors. When the mobile robot is moving, the ultra-
sonic sensor recognizes distance between the robot
and the object. When the ultrasonic sensor finds the
object, servo motor stops to point it. The servo mo-
tor’ s stopping angle is in front of robot’s rotation
angle.
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Fig.2 Servo motor and a mobile robot equipped with ultra-
sonic sensors

1.4 System configuration

Fig. 2 shows the overall system configuration of
the mobile robot. The mobile robot was designed to
control left and right wheels using motor drivers.
The overall system was controlled by Coretex-M3-
LM8962 based ARM as the main MCU, and motors
was controlled by motor drivers NT-DC20A. Blue-
tooth (SD1000) was used to communication between
the mobile robot and PC, and EBIMU-9DOF sensor
was used to measure the angle of the direction of
movement. EBIMU-9DOF as IMU sensor was used
to measure 3-axis angle values of the roll, pitch and
yaw rotation. And using these values, the direction
of movement can be seen. Yaw data required for
experiments were obtained from the sensors fixed to
the mobile robot.

2 Tracking control method

2.1 Tracking control for moving object

The mobile robot follows a target keeping a dis-
tance, s4. It assumes that the robot chases after the
sole thing, which is closer than other marks. The
given information is the direction angle of servo mo-
tor, ¢, and the target’s distance, sq.

@) ®)

Fig.3 Motion equations of tracking object

The s, can be got by the ultrasonic sensor, and ¢,
can be had by the servo motor in real time. In
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Fig.3, the value of [ is
[ = ssin(ep —w),

then Ils = sin(® — w), (1)
and w is the same as
w = ¢ —arcsin(//s). (2)

In Fig. 3, [, is the distance that the robot moves
to the target, and » denotes the quantity that the
robot rotates. They can be expressed bym

[, = scos(@ — w) — s4c08¢,. (3)

Each driving motor’ s pulse-widith modulation
(PWM) value is proportionally controlled according
to the distance of both sides of the ultrasonic sensors
and the turning angle of the servo motor.

2.2 Moving average filter

Moving average filter is the method that can not
only eliminate the noise but also reflect the system’s
change of dynamic property. Moving average is the
calculated measurements of a specified number re-
cently, not all the measured data. When new data
come in, the oldest data are erased and the average
are calculated while the number of data keeps con-
stant. The noise was calibrated by using a moving
average filter at the ultrasonic sensor’ s measured
value. In Eq. (4), the moving average of the n data
is subtracted from the previous moving average.

_ Lot ¥ Tpmya Tt + 1
Lp = L1 —

n
R i T R I L = Xp—n

= .4

n n

To summarize about x,, the recursive expression
of moving average filter is given by
_ - X — X -n

Xy = 2 t+ %, (5)

where x, is the (k —n +1)th data from the kth da-

ta, a total of n is the average of the data"".

3 Test and result

The first experiment is conducted indoors as Fig. 4
shows. The mobile robot tracks the object while ob-
ject follows the course of 3.5 m X 3.5 m. Moving
trajectory is represented by calculating yaw data of
9DOF and encoder data attached to two DC motors
that operate both wheels "

In Fig.5, the object follows along the doglegged
straight line. It can be seen that mobile robot tracks
along the object and satisfactory result is shown in
straight line but 20 cm error occurs in the corner re-

sulting from the tracking method and the errors of
motor encoder.

Fig.4 Doglegged straight line course
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Fig.5 Mobile robot trajectory of test 1

The second experiment is performed indoors as
Fig. 6 shows. The mobile robot tracks the object
while the object follows the course of 3 m X6 m size
and S-shape.

Fig.6 S-shape course

In Fig.7, the object follows along S-shape course
and the results shows that the mobile robot tracks
along the object. Max error is 40 — 50 cm which
occurs in curve point because accurate measurement
is difficult due to slip of the wheels.

The third experiment is performed indoors as
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Fig.7 Mobile robot trajectory of test 2
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Fig.9 Mobile robot trajectory of test 3

Fig.8 shows. The mobile robot tracks the object
while the object follows the course of 3 m X4 m size
and zigzag-shape.

In Fig. 9, the object follows along zigzag-shape
course and the results show that the mobile robot
tracks along the object. In zigzag course, Max error
is 30 —40 cm which occurs since mobile robot reach-
es a vertex. Both wheels of the robot are controlled
according to rotation angle of servo motor and the
errors occur due to detection time of ultrasonic sen-
sor after robot turning at the corner.

4 Conclusion

By means of distance data of ultrasonic sensor and
rotation angle of servo motor, the proposed method
solve ultrasonic interference that occurs in a large
number of ultrasonic sensors and the mobile robot
can track the object successfully.

Max error, 50 cm, occurs as shown in Figs. But it
can be seen that the mobile robot can track the ob-
ject. Gurther research on tracking robot in experi-
mental condition with obstacles will be made.
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