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Abstract - Developing an environment that enables optimal and flexible design of robot ma-
nipulators using universal reconfigurable links, joints, controllers, actuators and sensors is an
essential step for efficient robot design and prototyping. Robot control has to be made by a uni-
versal controller with remote hardware and software reconfigurations. This technique allows to
create an optimal configuration of software and hardware components for designing of the spe-
cialized robot, its algorithmic control and rapid prototyping.

. INTRODUCTION

Now the large attention is given to a problem of
robots creation and implementation. One of the
important directions is the creation of cheapest and
effective manipulators, which find more implemen-
tation in industry. There are a lot of various
manipulator’s types depending on functions which
they have to perform. The scientific interest is rep-
resented by the tasks on designing and creation of
reliable remote control tools by such manipulators.
For efficiency of the tasks solution performed by
manipulators it is necessary to create a framework
for it designing.

The idea of web-based control has been always
envision from the first days of networked comput-
ing. Being able to execute operations from remote
locations [1], with only feedback of some sort, it is
an active and desired choice in many fields, such
as robotic manipulators. This paper presents a web
based control solution for a manipulator.

A complex Application Programming Interface
(API) for the control of the SIR-1 robot (fig. 1)
has been developed [2]. Available functions include
direct/inverse kinematics computation, serial port
communication interfacing, and link speed control.
The API can support an indefinite number of port
connections and thus control a theoretically indefi-
nite number of SIR-1 robots. Due to the high avail-
ability of serial ports on standard PCs, this API can
be deployed virtually anywhere and in any envi-
ronment, including the Internet, for almost any ap-
plication.

The designed robot features base rotation, shoul-
der, and elbow and wrist motion with a functional

gripper along with two additional servos to provide
different steering. The electronics and the servo
controller are completely assembled.

Fig. 1. The SIR-1 robot

IIl. THE ROBOT PROTOTYPING
ENVIRONMENT

Designing and building an electro-mechanical
system such as a robot manipulator requires solv-
ing different problems:

(i) specitying the tasks and performance require-
ments,

(i1) determining the robot configuration and pa-
rameters that are most suitable for the required
tasks,

(iii) developing the necessary software and hard-
ware components,

(iv) ordering and manufacturing of the parts and
assembling the robot,

(v) testing the robot and measuring its perfor-
mance.

Our goal is to build a framework for the optimal
and flexible design of robot manipulators with the
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required software and hardware systems and mod-
ules that are independent of the design parameters,
so that it can be used for different configurations
and varying parameters. Fig. 2 shows a schematic
view of the prototyping environment with its sub-
systems and interface. The proposed Prototyping
and Manufacturing Environment (PME) consist of
a central interface (CI) and subsystem interfaces
(SSI). The several subsystems carry out certain
tasks to build the prototype robot. These subsystems
share parameters and information. To maintain the
integrity and consistency of the whole system, a
central interface (CI) is proposed with required
rules and protocols for passing information. This
interface will be the layer between the robot proto-
type and the subsystems, and it will also serve as a
communication channel between the different sub-
systems.

The tasks of the central interface are to:

* maintain a global database of all the informa-
tion needed for the design process;

* communicate with the subsystems to update
any changes in the system. This requires the cen-
tral interface to know which subsystems need to
know these changes and send messages to these
subsystems informing them of the required changes;

* receive messages and reports from the sub-
systems when any changes are required, or when
any action has been taken (e.g., update complete);

* transfer data between the subsystems upon
request;

* check constraints and apply some of the up-
date rules;

* maintain a design history containing the
changes and actions taken during each design pro-
cess with date and time stamps;

* deliver reports to the customer with the cur-
rent status and any changes in the system.

The subsystem interfaces are the interface lay-
ers between the CI and the subsystems. This makes
the design more flexible and enables us to change
any of the subsystems without much change in the
CI - only the corresponding SSIneed to be changed.
The role of the SSIs is to:

* report any changes to the CI;

* receive messages from the CI with required
updates;

* perform the necessary updates in the actual
files of the subsystem;

* send acknowledgments or error messages to
the CL

The task will require various types of integra-
tion, including the development of a web interface,
the design of software simulators for hardware

controllers, parts and automated (robotized) manu-
facturing facilities. To make the proposed model
truly accessible and marketable, the set of required
tasks, torques, dexterity, repeatability etc will be
integrated into a web based portal, hence easily
access through a URL.

Part
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i Design
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Assembly Robot Simulation
and Testing [€——> Prototype <«
CAD/CAM I Monitoring
modelling

Hardware
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Fig. 2. The prototyping environment

The execution environment for heterogeneous
systems is called “InterBase” [3]. It integrates pre-
existing systems over a distributed, autonomous, and
heterogeneous environment via a tool-based inter-
face. In this environment each system is associ-
ated with a Remote System Interface (RSI) that
enables the transition from the local features of
each system to a uniform system-level interface.
It uses object orientation and its applications to in-
tegrate heterogeneous, autonomous, and distributed
systems to achieve suchunification. Object-oriented
distributed computing is a natural step forward from
the client-server systems of today. Automated, flex-
ible and intelligent manufacturing based on object-
oriented design and analysis techniques and a sys-
tem fordesign, process planning and inspection will
be presented in this project. A prototyping environ-
ment for robot manipulators and a 3-link manipula-
tor prototype have been developed in Utah (Utah
Prototyping Environment UPE and Utah Robot Kit
URK) [4]. Various controlling, simulation and opti-
mization methods have been successfully presented
and exercised on custom manipulators such as a
tire changing manipulator, a generic 6 degrees of
freedom manipulator, etc.

Rapid prototyping of the developed robots de-
mands universal and flexible elements. Particular,
the system of the robot control subsystem have to
be basing on the controller, which must provide:

* sensors and actuators interacting with differ-
ent interfaces;

* the possibility of easy changes in the on-line
interfaces for the external devices;

* sufficient computational capability for sensor
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signal processing and control under actuators. The
main goal of such processing is to improve the ac-
curacy of uncertain sensor information received
from noisy inaccurate sensors using artificial intel-
ligence methods, such as neural networks, sensor
fusion and data mining;

* the possibility of on-line changes of the algo-
rithms.

ll. THE ROBOT CONTROL STRUCTURE

The common structure of robot control can be
synthesized on bases of given manipulator func-
tions in prototyping environment. Such structure is
presented on fig. 3. The central element of the
structure is universal controller. It can control a
robot according to the commands, which are en-
tered from the Internet or a phone line. Using of
the phone lines have benefit if the robot structure
is a constant and the number of performed com-
mands are small. The web-based protocol is used
if it is necessary frequently remote on-line robot
reprogramming, For this one it is necessary to in-
clude a modem in the robot capacity (or hardware,
or equipment).

The controller decodes the commands, which
enter to its input and generates a corresponding
control signals to the servomotors ofthe manipula-
tors. The sensors provide feedback links. The sen-
sors set depends on the performed task. The nec-
essary servomotor set and sensor set for different
manipulator types are different. It is defined by the
tasks, which have to be performed. Thus, the con-
troller structure has to be changed for different
tasks. The individual controller design according to
each task doesn’t allow on-line robot reprogram-
ming and is economically inefficient. Therefore the
design of the universal controller, which could
change remotely a structure of hardware and soft-
ware, is needed.

The universal controllers expediently to create
on the single chip microcontroller bases for the
simple and cheapest manipulators. It is necessary
to provide the controller reprogramming feature
with minimum resources expenses in the case of

absence of the operation systems. The changes of
hardware are possible by using field programmable
gate array (FPGA) chip [5]. The necessary files
for reprogramming have a size between 8 and 130
KB. Therefore a robot reprogramming is expedi-
ently to provide only throughthe Intemet. The phone
channel has relatively small traffic capacity, there-
fore a reprogramming time would be unacceptably
large.

IV. THE UNIVERSAL CONTROLLER

The universal controller structure is presented on
figure 4. The base of structure is single chip control-
ler MC. The universal controller include: the RAM,
input-output ports on the FPGA base, ADC, phone
interface, reset circuit and address register RgA.
Moreover, there are additional logical elements OR,
AND, power switches SW and Schmit trigger.

The designed universal controller provide pos-
sibility of on-line changing of:

* the software;

* the hardware reconfiguration of the ports for
the actuators control (by servomotors, relay etc.);

* the hardware reconfiguration of the inputs ports
of the signal from sensors, which have a discrete
output.

The application-specific controller’s software is
located in RAM in the usual conditions. When MC
is powered on, the program for RAM loading is
activated and is located in the internal MC memory.
It refers to the server for the necessary robot-op-
erating program. At the end of loading process, MC
switches to the mode for operating with extended
memory and runs the program written to the RAM
[6]. If the robot works independent from the server,
the part of RAM should be replaced with Flash
RAM. At this case the robot control through the
phone line is expedient [2].

The hardware configuring of the universal con-
troller occurs simultaneously with changing of soft-
ware. The FPGA configuration file is passed after
application-specific program. If a working program
is located in Flash RAM, the FPGA configuration
file is located there too.

Internet
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A
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Fig. 3. The Common Structure of the Manipulator’s Controller
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Fig 4 The Universal Controller Structure

The on-line reprogramming realized by the spe-
cial command, which passes the control signal on
the output P1.7. This one initiates the restart of
MC and runes the program for RAM loading of
the application-specific program. At this situation
the FPGA configuration could be updated if it is
necessary.

The main task of FPGA is formation of neces-
sary quantity of inputs and outputs of discrete sig-
nals. Thus, the pulse-width modulators of the out-
puts are realized by FPGA tools if it is necessary
[7]. In structure of the universal controller the pow-
erful keys SW for control by the servomotors also
included. Also in structure of the universal control-
ler Schmit trigger is included for the precise signals
formation atpresence of noises and contact bounce.
For FPGA control last 255 addresses in MC ad-
dress space allocated.

If necessary to use a sensors with an analog out-
put signal, in structure of the universal controller is
entered 8-channel 10-digit ADC such as MC145051.
This ADC cooperates with MC through the SPIin-
terface. This interface can be realized as a program
module for MC which are based on the simple ver-
sions of microcontrollers or integrated in MC.

The developed controller can be widely used in
simple and cheap manipulators taking into account
whole set of its possibilities.

V. INTERNET CONTROLLED
MANIPULATOR

The Internet-Controlled Robot is a robust and
repeatable telerobotic vehicle that can be controlled
from any Internet-enabled computer. In supervised
telerobotics, an operator at a local site utilizes input
devices and graphical visualization tools to com-
mand execution of a task at a remote site using a
telerobotic vehicle.

video camera broadcast
(fig. 5).

Such a telerobotic vehicle
can be used for controlling a robot that operates in
a hazardous or inaccessible environment. In addi-
tion, this vehicle offers the benefit that the opera-
tor does not have to be in the vicinity of the robot,
but can be located anywhere throughout the globe.
Practical applications ofthe system include remote-
controlled operations in radioactive or toxic areas,
which are dangerous for human beings, as well as
remote reconnaissance and sample collection.

[ SIS
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Fig 5 Screenshot of the main interface page

For the Internet control of the robot, we have
created a distributed high performance client/server
architecture [8]. In this architecture the client pro-
vides an easy control interface for the user and
transmits control commands to the server over
TCP/IP, encoding the data before the transmission.
The system architecture is based on the thin client
model where the client performs only data valida-
tion and data transmission routines. The server re-
ceives and decodes control commands from the
client. Once the transmitted command has been
decoded, the server then performs inverse kine-
matics calculations on the data. This is necessary
since the user inputs values of X, y, z coordinates
via the client and they have to be transformed into
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angular values, which the robot’s micro-controller
can understand.

Telerobots have the benefit of human cognitive
and perceptual abilities, since they are operated by
a human being, they can perform more efficiently
inunfamiliar and dynamic environments. Telerobots
such as the Internet-Controlled Robot can be
thought of as a robotic device that synergistically
combines human being and machine, and such sys-
tems will undoubtedly have a great contribution to-
wards the progress of humanity in the future.

VI. CONCLUSION

There is proposed a web interface based
prototyping environment for robot manipulators with
heterogeneous subsystems and interfaces between
different components of this environment. It allows
potential customers (located anywhere geographi-
cally) to input through a web interface a set of re-
quests and design parameters that could be ana-
lyzed, simulated and converted to specific manu-
facturing information that can be ultimately used
by an automated manufacturing plant.

The structure of robot’s universal controller is
proposed. The controller provides possibility of on-
line changing of: the software, the hardware
reconfiguration of the ports for the actuators con-
trol, the hardware reconfiguration of the inputs ports
of the signal from sensors, which have a discrete
output. This approach allows the wide usage of the
controller in simple and cheap manipulators.
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