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ABSTRACT

In this work, we introduce and developed the configuration
of embedded system, and then present a robot control
system based on an embedded operating system and
Advanced RISC Machines wusing Linux network. By
combining advanced RISC machines and ARM-Linux, this
work involves development of embedded robot control
systems for industrial utilization. In the implementation of
this system, some features are taken into account such as
hierarchy structure, modular hardware, and structured
software, to make the system suitable for a variety of robots
applications through some hardware adjustment and
software customization only. The effectiveness of proposed
work has been verified by a straight line Motion
Demonstration of a 6-DOF series manipulator. The main
purpose of this design is to meet the requirements of
controlling the multi- robots system, meanwhile, to pay
attention to some characteristics, such as: size, weight and
power consumption, etc. to which the robot is sensitive. The
design of embedded control system includes four aspects, i.e.,
system structure, functions, hardware, and software design.
The project considers configuration techniques which can
help to ensure that single-processor embedded systems are
reliable.
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1. INTRODUCTION

With the development of the science and technology, the
application of robots will be significantly increased in
covering a number of fields, such as outer space
exploration, ocean resource exploitation, etc. However, no
matter what purpose for adopting the robots, almost
everything made up of main two parts, i.e the mechanical
body and the control system!. The mechanical body not
only represents the basic function of a robot, but also it
determines that it is an automatic system. Dealing with
works in dangerous and difficult environments, the robot
should be facilitated with the abilities of thinking and
making decisions to some extents, moreover, it needs
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multi motors work together coordinately for the motion
control of a robot. All of these require complex algorithms
including motion control algorithm and pattern
recognition algorithms3. As far as we know, it is difficult for
robots we discussed above to carry a computer with them
as a motion control system, meanwhile, it is also
impossible for the robot control system with only low-
performance microprocessors to deal with so many
complex calculations. Fortunately, it is just a possible
solution to overcome these difficulties through developing
embedded systems using 32-bit microprocessors.

An embedded system is a combination of computer
hardware and software, and perhaps additional
mechanical or other parts, designed to perform a specific
function. A good example is the microwave oven. Almost
every household has one, and tens of millions of them are
used every day, but very few people realize that a
processor and software are involved in the preparation of
their lunch or dinner. This is in direct contrast to the
personal computer in the family rooms. It too is comprised
of computer hardware and software and mechanical
components. However, a personal computer is not
designed to perform a specific function. Rather, it is able to
do many different things. Many people use the term
general-purpose computer to make this distinction clear.
As shipped, a general-purpose computer is a blank slate;
the manufacturer does not know what the customer will
do with it. One customer may use it for a network file
server, another may use it exclusively for playing games,
and a third may use it to write the next great American
novel.
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Fig 1: Functional Diagram

2. ADVANCED RISC MACHINES

Advanced RISC Machine - (ARM, Originally Acorn RISC
Machine). A series of low-cost, power-efficient 32-bit RISC
microprocessors for embedded control, computing, digital
signal processing, games, consumer multimedia and
portable applications. It was the first commercial RISC
microprocessor and was licensed for production by Asahi
Kasei Microsystems, Cirrus Logic, GEC Plessey
Semiconductors, Samsung, Sharp, Texas Instruments and
VLSI Technology. The ARM has a small and highly
orthogonal instruction set, as do most RISC processors.
Every instruction includes a four-bit code which specifies
a condition (of the processor status register) which must
be satisfied for the instruction to be executed.
Unconditional execution is specified with a condition true.

Instructions are split into load and store which access
memory and arithmetic and logic instructions which work
on registers (two sources and one destination).
The ARM has 27 registers of which 16 are accessible in
any particular processor mode. R15 combines the
program counter and processor status byte, the other
registers are general purpose except that R14 holds the
return address after a subroutine call and R13 is
conventionally used as a stack pointer. There are four
processor modes: user, interrupt (with a private copy of
R13 and R14), fast interrupt (private copies of R8 to R14)
and supervisor (private copies of R13 and R14).

2.1 Software Requirements

This section describes software requirements to our work.
These are as follows:

Programming language: C
Linux kernel version 2.6

GTK (GIMP Toolkit)

GDB (GNU Debugger)

Qt creator
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2.2 Hardware Requirements

This section defines hardware requirement that are to be
supported by the software, including logical structure,
physical addresses, expected behavior, etc. The minimum
hardware requirements are as follows:

¢ PC(Intel Pentium Processor with more than 400
MHz)

S3C2440 Embedded Board
Ethernet Cable
Serial Cable
USB cable
USB network adapter
*  Wireless Router

. Robotic Arm

3. SYSTEM ANALYSIS

3.1 Existing system

With the development of the science and technology, the
utilization of robots will be significantly increased in a
number of fields, such as

e Outer space exploration,
e Ocean resource exploitation, etc.

However, no matter what purpose for utilizing the robots,
almost all of them are made up of two parts,

e  The mechanical body and
e  The control system.

The mechanical body not only represents the basic
functionality of a robot, but also determines that it is an
automatic system. Dealing with tasks in dangerous and
difficult environments, the robot should be facilitated with
the abilities of thinking and making decisions to some
extents, moreover, it needs multi motors work together
co-coordinately for the motion control of a robot.

3.2 Problems in existing system

Because of the limitation from the lower performance
such as low running speed, low addressing capability and
high power consumption, etc, the 8- or 16-bit
microprocessors cannot fulfill the demands of some
complex embedded applications. Complex algorithms
including motion control algorithm and pattern
recognition algorithm. It is also not possible for the robot
control system with only low-performance
microprocessors to deal with so many difficult
calculations.
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3.3 Proposed system

It is just a possible solution to overcome the difficulties
occur in existing system, through Developing embedded
system, 32-bit microprocessors. An embedded system is a
special-purpose computer system, which is fully
encapsulated by the controlling device, so there are some
specific demands for each system, such as functions,
reliability, cost, size, and power consumption, etc. Based
on the computer technology, an embedded system is
designed for specific-application with hardware and
software that could be shaped to adapt the system
requirements. As the core device of an embedded system,
the embedded microprocessor can be an 8-,16- or 32-bit
microprocessor.

3.4 Advantages of Proposed System

To overcome the disadvantages or limitations occurs in
the present system, a trust based technique is developed.
In the field of the 32- bit embedded system application,
ARM (Advanced RISC Machine) grabs huge success. The
ARM-kernel microprocessors present as lesser size, less
power consumption, minimum cost, and relatively higher
performance, etc. For instance, with a plenty of register
and high instruction executing speed, most of data
operations are completed in registers.

4. DESIGN

The main purpose of this design is to meet the
requirements of controlling the multi- robots system,
meanwhile, to pay concentration to some properties, such
as: size, weight and power consumption, etc. to which the
robot is sensitive. The design of embedded control system
involves four main parts, like system structure, functions,
hardware, and software design.

The embedded robot control system designed in this
paper is applied to a 6-DOF serial robot and done fine
characteristics of reliability, real-time and general-
purpose capability. Moreover its small size and less power
consumption fulfill the demands. With the absence of
computer, the control system can carries out the control
arithmetic on the server controller (ARM) and control the
client controllers (DSP) through bus. Thus the robot is
entitled the capacity of making decision individually to
some extent. So far, there are some limitations in this
developed embedded control system as well, such as the
design of control arithmetic and improvement of
functions, on which further study should be conducted.
With the development of the science and technology, the
application of robots will be significantly increased in a
number of fields, such as outer space exploration, ocean
resource exploitation, etc.
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4.1 Hardware Design

The server controller is suggested to adopt S3C2410
supplied by Samsung as its CPU. The S3C2410 is a 16/32-
bit, 266MHz, low power consumption, and high
performance RISC microprocessor with ARM920T as its
kernel, which is particularly suitable for real-time control.
Meanwhile, it supports Window CE Palm OS Symbian OS,
Linux and real-time operating system, etc.

Moreover, S3C2410 supplies abundant equipment inside
to bring down the cost of the whole system and there is no
need of collocating excess equipment any more. The
function of integrated circuit include: separate 16KB
instruction Cache and 16KB data Cache, MMU virtual
memory management, LCD controller, supporting NAND
Flash system induction, outside memory controller, 3-
channels UART, four channels DMA, four-channels PWM
timer, 117 currency I/O interface, 24-channels outer
interrupt recourse, RTC with calendar, 8-channels 10bit
ADC and touch screen interface, IIC-BUS interface, I1IS-BUS
interface, USB mainframe, USB equipment, two-channels
SPI, and interior PLL clock times frequent count. The
peripheral inside the chip is connected with the bus inside
of the chip as well.

server side

Open termial
Initialize ARM board

Run the server program
Waiting for client connection

Client
available
yes
Read no. of values

Enable the pin

| Robotic ARM board action enable |

Close the application

Fig 2: Flow chart of connection establishment at
server side

Close the application

There are differences in control algorithms for unlike type
of robots, the difference is mainly shown by their server
algorithms. The server algorithms are based on the
specific tasks that the robot will carry out. Generally, a
robot system needs only a server controller as the brain;
the numbers of several client controllers are dependent on
the specific task requirements. Through simply adjusting a
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few interfaces or to add/delete some sensors will make
the hardware suitable for various tasks.
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Fig 3: Architecture of hardware design
4.2 Software design

The operating system is one of the most essential parts in
the total system. It is in charge of maintaining all available
resource and distributing them among different tasks in
order. According to different resource distribution
strategies, there are two kinds of the operating system:
one is Real-Time Operating System; the other is Time-
Sharing Operating System. The operating system is one of
the most important parts in the whole system. It is in
charge of managing all available resource and distributing
them among different tasks in order. According to
different resource distribution strategies, there are two
kinds of the operating system: one is Real-Time Operating
System; the other is Time-Sharing Operating System.

This system software is mainly based on the RT Linux
which is Real-Time and multi-tasks operating system and
it is differentiated from the kernel of Linux by adding RT
Linux kernel control between the process of Linux and
hardware interrupt. It carries out a virtual interrupt
mechanism in the kernel of RT Linux.
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4.3 ARM Architecture

The ARM architecture is the most widely used 32-bit ISA
in terms of numbers produced. They were originally
conceived as a processor for desktop personal computers
by Acorn Computers, a market now dominated by the x86
family used by IBM PC compatible and Apple Macintosh
computers. The ARM is a 32-bit reduced instruction set
computer (RISC) instruction set architecture (ISA)
developed by ARM Holdings. It was called as the Advanced
RISC Machine, and before that as the Acorn RISC Machine.
The relative simplicity of ARM processors made them
suitable for low power applications. This has made them
dominant in the mobile and embedded electronics market,
as relatively low cost, and small microprocessors and
microcontrollers.
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Fig 6: ARM Architecture
5. IMPLEMENTATION

For development first We calculate the virtual address
that address will be calculated by utilizing the pin
numbers, those numbers are whenever that GPIO pin is
enable value will be ‘071’, if it is disable then that value will
be ‘00’.By using these criteria that address of GPIOG will
become 0X155555.

virt_addr = map_base + (GPIOG_CON & MAP_MASK);
*((unsigned long *)virt_addr) = 0X155555;

To close that robot gripper close that value of GPIOG will
be set Ox1.

#define gripperClose_mask 0x1

To open that robot gripper open that value of GPIOG will
be set 0x2.
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#define gripperOpen_mask 0x2

To robot wrist up that value of GPIOG will be set 0x4.
#define wristUp_mask 0x4

To robot wrist down that value of GPIOG will be set 0x8.
#define wristDown_mask 0x8

To robot ankle up that value of GPIOG will be set 0x10.
#define ankleUp_mask 0x10

To robot ankle down that value of GPIOG will be set 0x20.
#define ankleDown_mask 0x20

To robot limb up close that value of GPIOG will be set
0x40.

#define limbUp_mask 0x40
To robot limb down that value of GPIOG will be set 0x80.
#define limbDown_mask 0x80

To rotate that robot rotate right at value of GPIOG will be
set 0x100.

#define rotateRight mask 0x100

To rotate that robot rotate left that value of GPIOG will be
set 0x200.

#define rotateLeft_mask 0x200

6. TESTING

Testing performs a very critical role for quality assurance
and for ensuring the reliability of the software. The aim of
testing is to find the maximum possible number of errors.
To state simply, the aim of testing is to identify maximum
number of errors with a, minimum amount of effort and
realistic effort and realistic time period. Testing is the
phase where the errors from the previous phases are
detected. It is time consuming and perhaps one of the
most important phases of Software Development.

Table 7.1 Testing and validation of Robot Actions
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MODULE1 MODULE2 GIVEN | EXPECTED | ACTUAL
INPUT OUTPUT OUTPUT

Sender(QT) Ip Receiver(GPIO) | Ip address| Connection Conection | Tested ok
address must be must be

established established

Sender (QT) | Click on | Receiver(GPIO) | Enablepin Gripper Gripper Tested ok

open gpiogl Open open
button

Sender (QT) | Chickon | Receiver(GPIO) | Enablepin| Motor gripper Motor Tested ok
close gpiogl close gripper close

button

Sender(QT) | Chick on | Recerver(GPIO) | Enablepm | Motorwnst upl | Motor wrist | Tested ok
thatupl gpiog3 up
button

Sender(QT) | Click on | Receiver(GPIO) | Enablepin| Motorwrst | Motorwrst | Tested ok
that gpiogd down down

downl

Sender(QT) | Click on | Receiver{GPIO) | Enablepin| Motor ankle up | Motorankle | Tested ok
that up2 gpiogh up

Sender (QT) | Click on | Recever(GPIO) | Enablepn| Motorankle |Motorankle | Tested ok
that gpiog? down down

7. CONCLUSION

The embedded robot control system designed in this work
is adapted to a 6-DOF serial robot and performs fine
characteristics of reliability, real-time and general-
purpose capability. Moreover its small size and less power
consumption fulfill the requirements. Without computer,
the control system can carries out the control arithmetic
on the server controller (ARM) and control the client
controllers (DSP) through bus. Thus the robot is entitled
the ability of making decision independently to some
extent.

So far, there are some limitations in this developed
embedded control system as well, such as the design of
control arithmetic and improvement of functions, on
which further study should be conducted.
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