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ABSTRACT 
A mobile robot system is being designed to work in a chemical laboratory environment for 
people with physical disabilities. We have found that chemical laboratories are good workplace 
alternatives to the office environment (see BACKGROUND). The main requirement for the 
workplace is to keep the work meaningful after the workplace has been robotized. The reasons 
for working with a mobile robot system are numerous: 

�9 high flexibility for the disabled (the possibility to move between different workstations). 
�9 only small changes in the physical environment are necessary. 
�9 possibilities for the disabled and the non-disabled to use the same laboratory equipment. 

BACKGROUND 
The aim of this project is to get injured people back to work earlier and to increase 
employment possibilities for the disabled, including severely disabled. Earlier attempts to 
design service robots for the disabled in Sweden have been for the office environment. People 
with disabilities are neither more nor less interested or competent in administrative work than 
people without disability. We have also found that a laboratory could be a good working 
environment. We have found three different work-stations which are suitable for robotization: 

�9 microscoping, for example cell exami-nation, cell and chromosome counting. 
�9 blood group determination. 
�9 culture analysing, 

TIlE DESIGN OF THE MOBILE ROBOT SYSTEM 
The mobile robot system consists of the following main components: 

�9 Mobil base, Labmate 
�9 Robot, Scorbot ER VII 
�9 Sensor system 
�9 Wireless radio modem 
�9 Communication computer 
�9 Local network 

The outside dimensions of WALKY's base are 700 x 750 mm and the height is 1350 nun (when 
the elbow is in the upper position). 
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Fig I The ultrasonic navigating robot, Wall~ 

SENSOR SYSTEM 
It is possible to connect 3 interface boards to the sensor system To each interface board 8 
ultrasonic and 8 infrared sensors can be connec ted  
The task for the sensors in this project is to measure distance The infrared sensor technology 
has difficulties with: 

�9 Sensitivity to ambient temperature 
�9 Relatively directional 
�9 Narrow and non uniform field of  view 

And the ultrasonic sensor technology has difficulties with: 

�9 Object must be non porous 
�9 Very directional (10~ ~ with incident angle less than 15 ~ 
�9 Temperature sensitive 
�9 False detection 

In the beginning of  the project we have chosen to only use ultrasonic sensors. 
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Fig 2 
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The WALKY's sensor positions 
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The WALKY's sensor positions are a modified variant of the IPAMAR[1] mobile robot. The 
IPAMAR is a mobile autonomous robot (lvlAK) developed at the Fraunhofer Institute for 
Manufacturing Engineering and Automation (IPA) for carrying parts and products between the 
work cells of a factory. 

Fig 3 The Polaroid transducer 

Ultrasound sensing, based upon the speed of sound, depends upon producing a high frequency; 
sound wave (above 20 kHz), transmitting the sound wave, and then measuring the time 
interval from the sound burst until a reflection returns from a target surface. A problem with 
ultrasonic sensors is that the speed of sound is a function of temperature also relative humidity. 

The speed of sound varies only slightly with humidity, max 0,35% at 20~ 

The speed of sound in air is determined from the following relationship: 

v=331.4. [ T 
273 

where T is the ambient temperature in degrees Kelvin and v e is the speed of sound in m/s. If 
the temperature changes 28 ~ the variation of the speed of sound is 5%. 
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Fig 4 Typical beam pattern at 50 kHz 

The Polaroid ultrasonic sensor [2] has full angle beam width (Figure 4) of  50 kHz at 
approximately 4- 15 degrees. The sensor is capable of detecting the presence and distance of 
objects within a range of approximately 27 cm to 10,7 m. 

SCENARIO 
The functionality of mobile systems can be described by the following scenario. 

The operator is sitting by his/her workplace. He/she would like to fetch an object from another 
workplace. Through his/her computer the operator commands to the mobile robot system to 
go a predestined position at the other workplace. (The communication between the computer 
and the mobile robot system is handle by a wireless network.) I f  there isn't any obstacle 
between the start and end position, the mobile robot system drives directly to the end position. 

If  there is an obstacle, for example a chair, the mobile robot system drives in front of the chair. 
The sensor system gives enough information, for the mobile robot system to find a way around 
the obstacle. I f  there isn't any way around the obstacle the mobile system drives back to the 
start position. 

Should any person obstruct the mobile robot system, it stops immediately due to information 
from the sensor system. If  the sensor system would fail, the emergency system stops the robot 
system by physical contact between the person and the bumpers on the mobile base. 

When the mobile system reaches the end position, the specified object is identified and grasped. 
Object identification is required, when the environment is unstructured. The grasping of the 
object and the transportation of the robot arm can be controlled by either pre-programmed 
routines or direct control. Also, a combination of pre-programmed routines and direct control 
will be possible. 

SAFETY 
When the evaluation of tasks has been done to select the meaningful work tasks which should 
be left after the robotization, the following research and development work remained: 

- Safety. 
- User friendliness. 

The safety aspects should be solved by the sensor system [3]. If  an object enters: 

�9 the ignoredzone, nothing happens. 
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�9 the obstacle detection zone, the speed is slowed to 70% of the normal speed. 

�9 the reflex zone, the speed is slowed to 50% of the normal speed and WALKY tries to 
avoid obstacle. 

�9 the safegy zone, a signal is transferred from the sensor to the controller of the mobile base. 
The base stops immediately. If  this system fails, the bumpers on the Labmate stop the 
vehicle on contact. 

4 

i~ SaFety Zone 
2~ ReFlex Zone 
3~ Obstocte Detection Zone 
4, Ignored Zone 

Fig 5 The detection zones 

USER INTERFACE 
The program moves the robot base with the aid of information from an Autocad drawing 
which describes the space in which the robot base can be manoeuvred. The drawing contains 
walls, doors, furniture and other objects which can limit the movements of the robot base. 

The Autocad file must be in the DXF format, Autcad's format for file transfer between 
Autocad and other programs, where the drawing is defined as a set of  Autocad primitives: 
Line, Circle, Point, PolyLine, Arc and Solid. The program stores the drawing as a list of  these 
primitives. 
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When the drawing is read, it is shown in a window within the main program window on the 
screen. To complete the initialization before the program is ready to use, the synchronization 
must be done. The synchronization connects the co-ordinate system of the robot base with the 
co-ordinate system of the program, so that the program knows where in the drawing the robot 
base is. 

When the initialization is done, the user can move the robot base in two ways - either with the 
arrow keys on the keyboard or via the menus. When navigating the robot base from the menus 
the user points on the drawing shown on the screen with the mouse, where he or she wants the 
robot base to be moved. The program then calculates the best path to that point and moves the 
robot base according to that path. 

The program is written in C++ for the Microsoft Windows graphical environment and uses the 
ObjectsWindows package included with the Borland C++ compiler. 
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Fig 6 Diagram over the design of WALKY 


