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1. INTRODUCTION 
 

Nowadays, robot system is not only applied in factory 
automation and space exploration applications, but also in 
home healthcare, rehabilitation and surgical operation 
assistance tasks [1]. Generally, these robot systems are 
controlled through direct connection at the same space. But 
these control systems have some inherent disadvantage of 
direct control in the limit range. Also, some special cases, for 
example; a power apparatus, an unmanned factory, a nuclear 
factory, a security management system, the tele-operation are 
needed to control the remote robot without limit space [2]. So, 
this field is needed the remote control system. Generally, the 
remote control system is divided into the operator system in 
the local site and the moving robot system in the remote site. 
Due to the communication of above two systems, the remote 
control is needed. In remote control systems, the control 
commands and remote sensing measurements are transmitted 
via various media, such as RF (Radio Frequency), micro-wave, 
IrDA (Infrared Data Association) and computer network. In 
the field of remote control system, the Internet is used in 
general from among the above mentioned. 

Internet is a network of interconnected devices, such as PCs. 
Internet can also be through of network of network because 
Internet is composed of networks of computer connected 
together. If we use the Internet, we can control the remote 
robot without distance limit, because Internet spreads all over 
the world and is open to everyone. Also we can use the public 
protocol such as HTTP (Hyper Text Transfer Protocol) and the 
public programming method such as HTML (Hyper Text 
Markup Language) or JAVA. So, it is not necessary to 
develop new protocol or program for our remote control 
system. And, in Internet-based remote control system, due to 
the introduction of the web server at the remote site, the 
operator at the local site can download the remote control 
program from the web server. Therefore, the operator does not 
have to install the special program in the local system such as 
personal computer. 

The objective of this research is to control the 
Internet-based mobile robot by using the mobile control 
platform device such as PDA over the Internet. In this paper, 
the developed remote control system is divided into three 
primary parts. The first part is the Internet-based mobile robot, 

and the second part is the web server, and the last is the local 
remote control device. These three parts are connected through 
the Internet. There are the Internet-based mobile robot and 
web server at the remote site and there is the robot control 
device at the local site.  

The Internet-based mobile robot is made by using 
ARM7TDMI core processor, RF communication module, 
Ethernet/Serial data converter module, and two stepper motors. 
And also, embedded operating system, pSOS+, is used for this 
mobile robot. Therefore, this mobile robot can communicate 
with RF communication server by Radio Frequency, also can 
be moved by two stepper motors. The RF communication 
server is connected with the Internet, so it receives some 
control commands from the web server through the Internet 
and transmits the command to mobile robot by RF module.  

The web server proffers the robot control device at the local 
site robot control interface program which is constructed by 
Qt/embedded. And this server has the USB web camera 
module for observing the robot and the environment. So, the 
web server can transmit the feedback information as the real 
image frame.  

The robot control device consists of Strong-Arm SA-1110 
micro control processor, Ethernet controller, TFT LCD and so 
on. And, the embedded Linux was used for this control device. 
This control device is connected to the Internet, too. Therefore, 
it can download a robot control interface program and receive 
feedback image from the web server. 

The rest of this paper is as follows: In section 2 the 
overview of the robot control device system and mobile robot 
are described, and the robot control interface programming in 
the web server is described in section 3. Some experiments are 
presented in section 4, and section 5 provides the conclusion. 

 
2. SYSTEM OVERVIEW 

 
Most Internet-based robot control systems use similar 

system configure shown in Fig. 1. By using this architecture, 
client’s computer in the world can communicate with the 
server via the Internet. The only requirement on client’s 
computer with web browser is to make connection to the 
Internet. World Wide Web users can use PC, Macintosh, 
workstation, etc. The server receives command of client from 
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world network and transmits it to the special device such as 
robot. The communication between server and robot can be 
performed through a wireless network interface or serial 
connection. 

 

 
 

Fig. 1 Popular Internet-based Robot Control System 
Architecture. 

 
Our system is constructed as in Fig. 2. As shown in Fig. 2, 

the whole system is divided into the local site and the remote 
site. In the local site, there is the robot control device of PDA 
type. The local operator can control the remote robot using 
this controller through the Internet. In the remote site, there 
are the Internet-based mobile robot, the web server which 
makes connection of the mobile robot and robot control device, 
the RF communication server for wireless communication and 
the USB web camera module for observing the mobile robot 
and environment.  

 

 
 

Fig. 2 System Architecture 
 
An operator who uses the robot control device transmits 

some control commands for controlling the mobile robot to the 
web server over the Internet. Of course, robot control interface 
program is provided by the web server at the remote site. Then, 
the web server transmits control commands to the RF 
communication server. Because the RF communication server 
is connected to the network hub directly, this server can 
receive the control command which is transmitted form the 
web server, and this command can be transmitted to the 
mobile robot by RF communication module. For the RF 

communication between the RF communication server and the 
mobile robot, the exchanged control commands should be 
converted to the serial data through the Ethernet/Serial data 
converter module. With the RF communication server, the 
mobile robot can keep the connection to the Internet 
continuously. The USB web camera module which is 
connected the web server, can capture the image of the mobile 
robot or environment. So, the web server transmits this image 
to the robot control device at the local site as feedback 
information.  

In order to perform the direct control with control the 
remote robot with above system, the data should be exchanged 
as fast as possible. In other word, both the control command 
and the feedback image should be transmitted from the robot 
controller to the web server or from the web server to the 
robot controller as fast as possible. Also, it is necessary to 
provide the exact location of the remote robot and current 
movement state to the operator in the local site. To do this, we 
use the commands of the shortest message to move the remote 
robot. The commands are highly abstracted and basic 
task-level commands. Also, the feedback image consists of the 
real image sequences and the additional information such as 
the location of the robot extracted from the image sequences. 
For this, the real image sequences captured by USB web 
camera are processed to perceive the movement of the mobile 
robot and extract the location in the web server, and these can 
be sent to the operator interface separately and concurrently.  

 
2.1 Robot control device  
 

Fig. 3 shows the architecture of robot control device. As 
shown in Fig. 3, this controller takes the shape of PDA.  

 

 
 

Fig. 3 Robot Control Device. 
 

2.1.1 Hardware 
 

This robot control device has a Strong Arm SA-1110 micro 
control processor and several device modules such as an 
Ethernet controller, TFT LCD module, touch panel, CF 
(Compact Flash) card socket, and etc.  

The Strong Arm SA-1110 micro processor is a 
general-purpose, 32-bit RISC microprocessor with a 16 Kbyte 
instruction cache, an 8 Kbyte write-back data cache, a 
minicache, a write buffer, a read buffer, and a MMU (memory 
management unit) combined in a single chip [3]. Also, 
processor speed is 206MHz and it has an internal clock 
generator. It supports both little endian and big endian. It 
includes PCMCIA (Personal Computer Memory Card 



 
International Association) control module, and supports ROM 
or SMROM (Synchronous mask ROM) control, Input/Output 
control, and DRAM or SDRAM (Synchronous DRAM) 
control. GPIO (General Purpose Input Output) pins in this 
microprocessor are used for digital I/O or general purpose I/O. 
This processor serves a real time clock, a watchdog timer, and 
an interval timer. A real time clock function like a watch, and 
the another name of the interval timer is OS timer. If 
application program off the air, so the system is down, then 
the watchdog timer restores shortly to the original state of the 
system.  

We use a LAN91C96 Ethernet controller for network. This 
controller is ISA/PCMCIA Single-Chip Full Duplex Ethernet 
Controller with Magic Packet [4]. A unique architecture 
allows the LAN91C96 to combine high performance, 
flexibility, high integration and simple software interface. 

TFT LCD module and touch panel are used by this system 
for user interface. A user can look the feed back image which 
is transmitted from the web server, in the TFT LCD, and can 
send the control command using the touch panel.  

 
2.1.2 Software  
 

An embedded system is various type of computer system or 
computing device that performs a dedicated function and is 
designed for use with a specific embedded software 
application. And, an embedded operating system is the 
software program that manages all the other programs in an 
embedded device after initial load of programs by a boot 
loader. 

In the proposed system, the remote controller is embedded 
system. It has many device modules such as Ethernet 
controller, TFT LCD and touch panel. So, it is required to use 
an embedded operating system, because the operating system 
gives every facility for using many devices. In this paper, we 
use the Embedded Linux for operating system.  

Linux is developed under the GPL (General Public License) 
and its source code is freely available to everyone. And it may 
be used for a wide variety of purposes including networking, 
software development, and as an end-user platform [5].  
Special characteristic of the Linux is as follows.  

 
- It has real multitasking, multi-user capabilities. 
- It has virtual memory and capable of running 50Mb image 

in 16Mb 
- It supports multiple daemons like mail, ftp and WWW 

servers. 
- It allows NFS (Network File System) mounts and exports. 
- Linux is standard in the Makefile of many popular 

software packages.  
- Linux has the entire GNU programming tools and almost 

every GNU application.  
- It supports various platforms.  
 
Except above, the feature of Linux is security, stability, low 

cost, and supporting various hardware devices.  
Embedded Linux is a Linux. So, Embedded Linux has 

almost every features of Linux. Moreover, the features of 
Embedded Linux are small and strong file system, varied boot 
loader, various kinds of library for application program, and 
supporting standard user interface such as X, microwindows, 
Qt/embedded. But, Embedded Linux has a demerit. That is 
large kernel size. But, in our system, we select the Embedded 
Linux, because robot control device has enough memory for 
Embedded Linux kernel size and the above mentioned merits.   

Embedded Linux architecture is shown Fig. 4. If Embedded 

Linux is ported on the target board, in this paper the target 
board is the robot control device, then we can see the 
architecture which is shown Fig. 4.  

 

 
 

Fig. 4 Embedded Linux architecture. 
 
In Fig. 4, we need to amend the User Applications part, 

System library part, and Device driver part. Device Drivers 
operate hardware devices in the robot control device, such as 
Ethernet controller, TFT LCD, and touch panel. And, we must 
program the robot control interface software for controlling 
the remote mobile robot. This is a User Application. In order 
to program the User Application, in this case robot control 
interface, System library and Application Library are required.  

First of all, due to the use of the hardware devices on the 
robot control device, we must install the Device Drivers in the 
Linux kernel. Even if Linux kernel contains some device 
drivers, we can’t use that without edit the source code, 
because device driver is in charge of the interface between 
operating system or application and hardware. So, the device 
driver is a requisite for working hardware device under the OS. 
Therefore, in this paper, we adjust the Ethernet device driver 
for network, frame buffer device driver for TFT LCD, touch 
screen device driver for touch panel and so on.  

If hardware device begin to work, application software is 
need for controlling the remote robot, also application library 
is need for application software. In this paper, we compile the 
Qt/embedded library. The follow is some most important 
technical feature of Qt/embedded [6]. 

 
- Object oriented 
- Provides a signals/slots concept 
- Easy to customize 
- Multi-platform GUI toolkit 
- Provides integrated support for making localized 

application 
- Rich API 
- Basic building block is the widget. 
- High-performance implementation 
- 2D/3D graphic rendering  
 
Of course, application software for controlling the mobile 

robot is provided by the web server, but the program is run in 
the robot control device. So, mobile robot controller has to 
contain some libraries.  

 
2.2 Internet-based mobile robot   
 

The hardware architecture of Internet-based mobile robot is 
shown Fig. 5.  

The mobile robot consists of several component modules 
which have a function of their own. The lower part is base 
frame and stepper motor, and the second layer is main 
controller module with CPU. And there is the motor driver 



 
module at the third layer, and the upper layer is wireless 
communication module. By this, missing functions can be 
easily added and unnecessary function can be easily removed. 
For example, if we want to test the controlled by camera 
image, we can install the camera board on the existing robot in 
no time at all. 

 

 
 

Fig. 5 Hardware architecture of the Internet-based mobile 
robot. 

 
2.2.1 Hardware  
 

The main controller module must have the function of 
device control, and need to connect the network. In this paper, 
we use the SAMSUNG KS32C50100 micro processor for 
CPU of the main controller. The feature of this processor is 
32bit RISC of the ARM7TDMI core structure, high 
performance and low power. And it has the Ethernet controller, 
so the mobile robot can be easily connected to the network. 
For debugging the mobile robot, LED and LCD are installed 
in the main controller module, and it is used for displaying 
some useful messages. In order to control the stepper motor in 
the base frame, the motor driver module is added to the main 
controller through the extension connector. And timer output 
port of the main controller module is connected to stepper 
motor’s clock input port. During moving of mobile robot, for 
keeping up the connection to the network, the wireless 
communication module can be used. This module consists of 
RF module and Serial/Ethernet data converter module. By the 
RF module, the mobile robot is connected the external RF 
communication server which has another RF module. Also, 
the server has the Serial/Ethernet data converter module. The 
Serial/Ethernet data converter module can convert the robot 
control command form the robot control device to the serial 
forms transmitted by RF modules. The external wireless 
communication server is connected to the network hub 
directly, and passes IP datagrams to the mobile robot by RF 
communication modules. By using these wireless 
communication module, the unique IP address can be assigned 
to the mobile robot and it is possible to connect the mobile 
robot to the network continuously. Therefore, assignment of 
the unique IP address to the mobile robot can distinguish the 
mobile robot from other resources in the Internet. Even if, 
some existing Internet-based robots have their own IP address 
by using some PCs and wireless LAN modules, it is expensive 
and too heavy for a small size mobile robot [7, 11]. 

 
2.2.2 Software   
 

Similar above mentioned robot control device in section 
2.1.2, embedded operating system is needed for Internet-based 
mobile robot, in order to make the main controller manage 
other modules easily. Therefore, we use the pSOS+ which can 

provide common interfaces for controlling hardware resources 
and task-based programming interfaces for constructing 
layered software architecture. The software architecture can be 
easily modularized and layered by using this embedded OS. 
The Fig. 6 shows the software architecture of the mobile 
robot. 

 

 
 

Fig. 6 Software Architecture. 
 
The architecture consists of there layers such as Task level, 

OS level, and Hardware level. In Task level, there are several 
processes such as Motion planning process and Low-level 
motion control process for controlling the movement of 
mobile robot, Sensing process for processing the information 
from sensor modules, and Communication process for 
connecting between mobile robot and external communication 
server. 

In Task level, there are several processes such as Motion 
planning process and Low-level motion control process for 
controlling the movement of mobile robot, Sensing process for 
processing the information from sensor modules, and 
Communication process for connecting between mobile robot 
and external communication server. Communication process 
maintains the connection to the networking and receives the 
control commands. Then, these commands are classified 
according to the command header and are passed to Motion 
planning process or Low-level motion control process. If 
Motion planning process receives the high-level command 
from the Communication process, then this process interprets 
these commands to make the moving of the robot. In the 
Motion planning process, low-level command sequences are 
generated from the high-level commands of the operator, and 
these sequences are passed to the Low-level motion control 
process. In result, the steeper motor of the mobile robot is 
begun to work.   

 
3. THE ROBOT CONTROL INTERFACE 

SOFTWARE AND WEB SERVER 
 
Public personal computer which is connected to the Internet 

is used for the web server. The web server receives the control 
commands from the robot control device and captures the 
feedback image using the USB web camera, and provides the 
robot control interface software. These control commands, 
feedback images and interface software are transmitted 



 
through the Internet, so it is import to transmit some data as 
fast as possible. 

In order to improve the realtime performance in 
communication network, various data exchange techniques 
have been developed so that the communication time can be 
reduced [12-15]. If high-level commands or data that are 
highly abstracted are used, the communication time between a 
local system and a remote system, the communication time 
can be reduced. In particular, high-level data are more useful 
when a remote system is intelligent and autonomous.  

In this paper, we use the short and simple message which is 
highly abstracted for control commands. Therefore, the 
operator which uses the robot control device in local site can 
drive the remote robot directly over the Internet. Although the 
commands message is very simple and short, but it is very 
useful in the long distance control, because it can be 
exchanged very fast. For the direct control scheme, we used 
the touch panel input, so that the operator can direct control 
the remote robot by press the button on the touch screen using 
the stylus pen. In the direct control scheme, eight direction 
touch panel inputs are used as the Table 1. 

 
Table 1 Basic operations of the robot. 

 
Message Button 

Press Release 
Description 

 
n t Forward moving 

 
s t Backward moving 

 
w t Left turn in place 

 
e t Right turn in place 

 
a t Forward left turn with a 

radius 

 
b t Forward right turn with a 

radius 

 
d t Backward left turn with a 

radius 

 
c t Backward right turn with a 

radius 
 
As in Table 1, if each button is pressed, then the control 

messages which mean description of the remote robot’s 
moving are transmitted to the web server. And if each button 
is released, then the control message which is the character ‘t’ 
is transmitted. For example, when an operator presses the 
“Forward moving” button, the control message ‘n’ is 
transmitted to the web server, and when the button is released, 
the control message ‘t’ is transmitted. Of course, after 
transition of the control message, the character ‘\n’ is 
transmitted, because character ‘\n’ means “end of line” of text 
and “end of control message” of control message. In the direct 
control scheme, eight direction inputs are used to make the 
robot move such that the velocity and heading of the robot can 
be adjusted by these touch panel input. The operator can 
accelerate the remote robot by pressing the direction buttons 
and decelerate it by releasing them. 

The Fig. 7 shows the robot control interface with above 
buttons. The robot control interface software is developed for 
control the remote robot easily by Qt/embedded. As shown in 
Fig. 7, the robot control interface consists of three parts such 
as State message board, Vision image viewer, and Robot 
control panel.  

 

 
 

Fig. 7 Robot control interface. 
 
Vision image viewer shows the images from the camera 

installed in the web server in the remote site. The real image is 
also very important feedback to the operator, especially in 
direct control mode, even though actually delayed images may 
be received. State message board shows the information to 
manipulate the operator interface and the communication 
results from the remote robot. With this information, the 
operator can perform their work without mistakes. All of 
operations can be made by using buttons in the robot control 
interface. In Robot control panel, there are several buttons: 
‘Connect to server’ and ‘Disconnect to server’ button for 
connecting the web server or remote robot, ‘Control direction’ 
button group for direct control, “Direct control mode” and 
“Indirect control mode” button for changing the operator’s 
control modes.  

 
4. EXPERIMENT 

 
In the system as described in Fig. 2, we have performed the 

direct control with the Internet-based mobile robot by using 
short command messages and the synthetic feedback 
information. The operator can use the developed robot control 
interface as in section 3 to control the remote robot. In the 
robot control interface, connection to the web server and 
remote robot is available by pressing the ‘Connect’ button, 
and it is possible that disconnection can be available by 
pressing the ‘Disconnect’ button always. The operator can use 
the eight control direction button to drive the remote robot. 
Then the operator can accelerate the robot by pressing the 
control direction buttons and decelerate it by releasing them. It 
is very easy control method and the operator could feel the 
“hand-on” control. 

As the feedback information, the image sequences are 
suffered the data transmission delay in some extent according 
to the distance between the remote site and local site. Even the 
local system and the remote system reside in the same office, 
sometimes the image sequence would stall or fail to 
synchronize the successive frames and replay the small 
interval in the sequence. However, the additional information 
sent in the form of shot message was successfully received 
and overlaid as the ellipse on the real images which represents 
the robot’s current position with relatively small delay.  

 
5. CONCLUSION 

 
In this paper, we used the synthetic feedback information to 

provide better perception of the remote environment in the 
long distance control through the public network, especially in 



 
the direct control scheme.  

For the data exchange, the short command message format 
which is highly abstracted and task-level command was 
employed to diminish the data transmission delay. And also, 
the synthetic feedback image was constructed by using the 
additional feedback data extracted from the image sequence. 
By doing this, the operator can perceive the robot’s 
movements and the location properly, and operate the remote 
robot successfully even though the real image data are delayed 
in some extent.  

And, if we use the household appliances in place of mobile 
robot, then we can control the household appliances such as a 
refrigerator, an air conditioner, a television, and so on. So that 
home network can be easily built.  

Furthermore the robot control interface program can be 
compiled to use it in the public PC because of we use the 
Qt/embedded and Qt/embedded is a language of independent 
platform. Therefore, we can control the mobile robot using 
public PC.  

In the further research, the onboard camera module of the 
remote robot will be developed to give the navigation function 
in the wider range of work environment, and the proposed 
techniques in this paper will be extended.  
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