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Abstract: This paper describes a robot tracking control design based on a smartphone using a commercial
microprocessor. The system hardware consists of four major parts: an Android smartphone with an embedded camera,
a Microchip microprocessor, a motor driver circuit and an Attacknid robot. First, an image of the surrounding
environment is captured by the high definition camera embedded in the smartphone. The target is then recognized
from the image using an algorithm developed in Android OS and OpenCV library. Third, motion control and laser
activation strategies are achieved using the proposed algorithm implemented in Java. Fourth, the motion commands
are delivered to the microchip processor through a USB interface. Finally, the processor produces a pulse width
modulation (PWM) voltage to control the robot’s motion and activate the laser diode according commands sent from
the smart phone. Experimental results demonstrate the feasibility of this proposed architecture.
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Introduction

Smartphones have increased the ease with which
people access information. Many of these devices run
Android, an open source platform developed by Google
[1]. Android software development kits (SDKs) allow
developers to easily create new applications for use on the
Android platform [2]-[3]. Most of Android smartphones
are equipped with at least one camera, wireless
communication interfaces (e.g., WiFi, Bluetooth, 3G/4G),
a USB interface, a GPS receiver, an LCD/LED display, and
various sensors. All of these devices can be accessed or
controlled through the Android SDK and the obtained data
can be used in applications. These features, combined
with the relatively low cost of such phones has led the
development of several smartphone-based robot
controllers [4]-[9].

The present work describes a robot system
designed with moving-target tracking ability which
integrates an Android smartphone, a Microchip PIC24
microprocessor unit (MCU) [10], a high power laser
pointer and a spider robot named Attacknid designed by
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COMBAT CREATURES [11]. Environment images are
captured using the smartphone’s embedded camera. A
moving target is then recognized in and extracted from the
captured images using applications based on Android
packages and the OpenCV library [12]. Robot movement
strategies were designed based on the target’s location
and size in the captured images. Control commands are
sent to the MCU via USB interface. The MCU then
generates pulse width modulation (PWM) voltages to
control the motors to move the spider robot. To provide
enough current to drive the motor, a motor driver circuit
based on TA7257P was designed [13]. When the robot
locks on the moving target, it activates a high power laser
pointer to destroy the target. Figure 1 illustrates the
proposed robot system. In this study, the moving target
tracked by the robot is a balloon. A video was produced to
depict the robot functions and is available on Youtube [14].

This remainder of paper is organized as follows: a
brief introduction to our robot systems is given in section
two; in section three we present the remodel procedures
of the Attacknid robot; the tracking strategies are
presented in section four; and section five provides
concluding remarks.
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Figure 1. Smartphone based hexapod robot.

System Structure
Robot Overview

Figure 2 depicts the robot’s architecture. The
system’s tracking procedures can be briefly described as
follows:

1. A camera embedded in the smartphone
captures a high definition, real time picture of
robot’s environment. The color of selected
target is then set using an application
developed in the Android SDK.

2. Thetarget is recognized and extracted from the
picture using an algorithm developed based on
the Android OS and the OpenCV library. Robot
movement strategies are then designed
according to the location and size of the target
in the images.

3. Control commands are transmitted to the
Microchip MCU via the USB interface. The MCU
generates pulse width modulation (PWM)
signals to control the motors according to the
control commands.

4. The PWM signals are fed into a TA7257P based
motor driver circuit to drive the robot’s motors.

5. The robot locks onto the moving target and
destroys it with a high power laser pointer.
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The following subsections provide detailed descriptions of
the relevant hardware and software.

Android Smartphone

New mechatronic systems increasingly involve
interaction between smartphone and peripheral devices
such as motors and sensors. The Linux-based, open source
Android operating system allows programmers to develop
software in Java using Android SDKs. The most popular
SDKs are Android Studio powered by Google and Eclipse
IDE powered by Eclipse Foundation. Using the function
libraries provided in these SDKs, the developer can easily
access Android smartphone functions such as image
capture, video recording, multi-threading, GPS positioning
and audio processing. Android smartphones can connect
to other devices via various communication interfaces
such as WiFi, Bluetooth, 3G/4G and USB. Furthermore,
Android smartphone are relatively low cost. These
characteristics make such devices a good candidate for the
development of consumer-oriented robots.

Choosing target color

Image processing
Android » OpenCV

Microcontroller
Microchip MCU

IC  TA7257P

Robot operation

Attacknid™ Robot

Targeted and stop

Figure 2. Flow chart of robot control system,

In this study, we use a Sony Xperia Android
smartphone to capture environment images, locate a
target within the environment and formulate movement
strategies. These functions can be processed in real time
due to the powerful CPU embedded in the smartphone.
Detailed information on the smartphone is presented in
Table 1.

Microchip MCU

The movement of a Combat Creatures Attacknid
robot is controlled by three DC motors. Such motors are
usually controlled by a PWM signal, which cannot be
produced by a smartphone. Therefore, an MCU with 6
PWM output pins is needed. In addition, this MCU should
be easily integrated with the Android OS. The Microchip
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PIC24F Accessory Development Start Kit [15] for Android
was used for this task. As shown in Fig. 3, this kit is a
standalone board used for evaluating and developing
electronic accessories for Android smartphones and
tablets. Applications for the Microchip PIC24F MCU are
developed based on the MPLab X IDE [16].

Operating system Windows 8.1

Java environment Java Platform (JDK) 8u25

Android 4.0(API 14)- Android

Android API 4.4W(API 20)
SDK Eclipse 4.3.2 IDE
ADT Plugin ADT 23.0.4.1468518
Programmin
?agn;uage : lava
Hardware Sony Xperia L C2105
Android OS Android 4.2.2

Table 1. Introduction of Android environment,

Figure 3. PIC24F Accessory Development Starter Kit for Android.

PWM is a technique used to encode an analogue
signal as a pulsing signal. It is usually used to control the
power supplied to DC motors. Two PWM signals are
needed to control a motor’s speed and rotation direction
(CW/CCW). As previously mentioned, an Attacknid robot
has three DC motors, thus, six PWM outputs are needed.
Figure 4 presents the pin assignments of the PIC24F MCU.

Figure 4. Pin assignment for PIC24F MCU.
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In the PIC24F, the PWM signal is controlled by
internal registers and comparators. The frequency and
duty cycle of a PWM signal is controlled by the internal
timer of the PIC24F MCU. Figure 5 shows the flow of the
controller’s register, comparator and internal timer. Figure
6 illustrates the frequency controlling method with the
timer.

The robot movement strategy is devised using
Android applications. The movement strategy is bundled
into a command packet and sent to the MCU via USB
communication protocols. Thereafter, the MCU decodes
the command and generates the corresponding PWM
signals to control the robot’s movement. The software
and firmware used to achieve communication between
the Android applications and the Microchip MCU was
developed using the Microchip Accessory Framework for
Android [17].
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Figure 5. Controller register, comparator and internal timer flow.
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Figure 6. Method of frequency controlling with the timer.
Motor Driver Circuit

The current of the PWM signal output pin for the
PIC24F MCU is too small to drive the robot’s DC motors,
thus necessitating the use of a motor driver circuit. A
motor driver is a small current amplifier used to convert a
low-current control signal into a higher-current signal that
can drive a motor. In this study, the motor driver is
implemented based on Toshiba’s TA7257P [17]. The
TA7257P IC is a full bridge driver rotation controller for DC
motors, providing four operation modes including forward
rotation, reverse rotation, stop and brake. Servo control is
applicable because the operation supply voltage terminal
and motor driving supply voltage terminal are
independent. Figure 10 shows the connection of the
PIC24F MCU and the TA7257P motor driver IC. The
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TA7257P IC has two input pins to receive PWM control
signals and two output pins to control the DC motor.
Therefore, three TA7257P components are needed for the
robot system’s motor driver circuits.

9V 9V

L Out1
S MicrocHIP in2 conRoL B
out2 »
[P prorecr H—
{OVER CURRENT} ?

1

Figure 7. Connecting the PIC24F MCU and the TA7257P motor driver IC.

The start and operating currents for the robot’s DC
motors were determined experimentally (see Table 2).

Test Start Operating
Motor
function voltage current current
(V) (A) (A)
F d and
orwardan 8v 08t00.9 | 0.5t00.6
backward
Horizontal 8v 0.6t00.8 0.5
Vertical 8v 0.3 0.2

Table 2. Start and operating currents of each motor.
Attacknid Robot

Combat Creature’s Attacknid robot is a low-cost
consumer robot that has an impressively long battery life.
The robot features six legs and two DC motors to control
its movement on the ground. Another DC motor is used to
drive its “weapons” devices. Movement is controlled by a
2.4GHz remote controller. Figure 8 shows the robot’s
outward appearance [19].

Figure 8. Combat Creatures’ Attacknid robot.
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Re-modeling of the Attacknid Robot
Disassembly

The Attacknid robot is controlled using a 2.4GHz
remote control. This study designs an autonomous target
tracking robot based on computer vision. This required
the disassembly and re-modeling of the Attacknid robot.
Roughly speaking, the Attacknid consists of the following
modules:

1. Ahorizontal and vertical movement mechanism;

2. weapon devices;

3. a PCB board for the 2.4GHz remote control and

motor controllers/drivers;

4. AAsize battery holders.

This study is primarily interested in the Attacknid’s
movement. In the Attacknid, the two DC motors rotate on
two separate gearboxes. The horizontally-opposed motor
and gearbox handles forward/backward movement while
the vertically-opposed motor provides direction through
its own gearbox running around an annulus or ring gear
that forms part of the head shell. The movement
mechanism is simple and useful for our robot system.
Other modules including weapons devices, a PCB board
and battery holders were removed from the Attacknid
robot.

Achieving our design goal requires adding electronic
devices and mechanical modules into the robot. These
include:

1. asmartphone;

2. asmartphone holder;

3. a Microchip PIC24F Accessory Development

Start Kit;

4. a motor driver circuit;

5. a9V battery socket;

6. a high power laser pointer.

The functionality of the smartphone, Microchip
MCU and motor driver circuit are covered in section 2. The
voltage level for the power supply of the motor driver IC,
TA7257P, is 9V. Therefore, the original AA batteries are
replaced with two 9V batteries. We removed the original
weapon devices and mounted a smartphone phone holder.
Figures 9 and 10 show the robot equipped with the new
modules. The high power laser pointer is weapon used by
the robot to destroy the target. After mounting the
smartphone to the robot, we found it was too heavy for
the motor, thus restricting vertical target tracking.
Therefore, we added a metal counterweight on the rear to
allow the motor to operate normally (see Fig. 11). Adding
a metal counterweight to adjust the gravity center will
significantly increase the robot’s weight. We will
overcome the drawback in future designs. The re-
modeled Attacknid robot is shown in Fig. 1.
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Figure 9. Cell phone holder.

Figure 11. The metal counterweight.

Implementation of Tracking Strategies

In this study, the robot’s autonomous target
tracking ability was achieved using computer vision.
Figure 12 shows the target tracking strategy flow, where x
and y are the horizontal and vertical axes of the image
captured by the smartphone. The distance determination
was based on the change of target size in the captured
image. Three degrees of freedom are detected and
tracked simultaneously. The movement strategies can be
determined according to the pictures captured by the
smartphone camera before and after movements.

The user can select the target in the environment
from the captured image through an Android application
which also calibrates and activates the high power laser
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pointer. Figure 13 shows the user interface. The tracking
strategies presented in Fig. 12 were implemented in Java
using the Android SDK and OpenCV library. A target
searching algorithm for the robot was also designed to
track the target as it moves out of the camera’s field of
view.

Figure 13. User interface of the Android application.

Choosing
Tartget colar

Get image
information
(coordinates
~ area ~ time)

x-cocdinate y-coodinate distance
judgment P judgment judgment

Yes

Yes

arget™. Yes
position

correct

arget
position
correct

arget
position
correct

arge
position
correci

show

tracking A

fast
tracking

show
tracking

¥

J

—

X direction
stop

Stop walking |«

y direction
stop
tracking ) tracking

after 2 sec

o

Laser light

I after 5 sec

Laser close

‘ Stop moving J

Figure 12. Robot target tracking strategy flow.

Conclusion

In this study, we re-modeled an Attacknid robot to
enable it to autonomously track moving targets using an
Android smartphone. Experiments verify the targeting
performance, suggesting new directions for potential
robot development based on Android smartphones.
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