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Abstract: 

CERTEC intends to develop an autonomous grasping function, making it easier for  physical 
disabled people to control robots, but first user requirements have to be studied 

Therefore, user trials have been carried out on the RAID workstation (Robot to Assist the 
Integration of  the Disabled) at the Rehabcentrum Lund-Orup in HaOr, Sweden, see fig. 1. 
This paper will describe the control methods used in these trials as well as the results of  the 
trials. 

Fig. 1: The RAID workstation. 

1. Introduction 

The flexibility of a pre-programmed robot is sometimes too low from the user's point of view, 
because the disabled user can only perform pre-programmed tasks. 

One way to increase the flexibility is to control the robot in manual mode. Unfortunately, 
controlling a six-axis robot in manual mode is often very time consuming and increases the 
cognitive load on the user. The most difficult part, when controlling the robot in manual mode, 
is to control the final, small grasping movements of the robot arm. 

An autonomous grasping function can hopefully decrease both the cognitive load on the user 
and the time needed to grasp an object. The user would then only have to move the robot 
gripper to the vicinity of  an object and then start the autonomous grasping function. 
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Additionally, an autonomous grasping function will make it possible to program the robot 
without teaching accurate positions. This will make it easier for disabled users to program the 
robot themselves. 

Before an autonomous grasping function is developed, it is important to study the user 
requirements. The following questions will be discussed in this paper: 
�9 How close to an object can the users manually control the robot gripper within a specified 

time limit and by using different control methods? 
�9 At what distance do the users want to start the autonomous grasping function? 
�9 How much help do the users get from a TV monitor showing the robot gripper from a 

different angle? 

User trials have been carried out on the RAID workstation (Robot to Assist the Integration of 
the Disabled) at the Rehabcentrum Lund-Orup in H66r, Sweden. The RAID workstation is 
described in [I]. This paper will describe the control methods used in these trials as well as the 
results of the user trials. 

2. Control methods 

At the user trials two tetraplegic users controlled the R_MD workstation in various ways, Both 
users are able to use a mouse emulating joystick to control the cursor on the screen and to 
control the robot in manual mode. The users click with the joystick by pressing it down. One 
of  the users controls the joystick with his chin, see fig. 2. 

Fig. 2: One of  the users controlling the joystick with his chin. 
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2.1 .  A u t o m a t i c  M o d e  - -  She l f  N u m b e r  

During the RAID project only pre-progranuned tasks were used and the user addressed a book 
by its shelf number. For example, if the user wanted to move a book from shelf number 11 to 
shelf number 12, the following menu alternatives were selected: 
Menu 1: "BOOK" 
Menu 2: "FROM SHELF 11" 
Menu 3: "TO SHELF 12" 

One of the aims with the following user trials was to educate the users in different robot 
control methods. During the user trials the menu tree in appendix A was used. Here, the user 
can move a book, by using two different addressing methods: Shelf numbers or book titles. 
The task above would require the following menu alternatives in these trials: 
Menu 1: "SHELF NUMBER" 
Menu 2: "FROM SHELF 11" 
Menu 3: "TO SHELF 12" 

2.2 .  A u t o m a t i c  M o d e  - -  B o o k  Ti t le  

In the first part of the trials, the users also addressed a book by its title. A very simple database 
was updated automatically when the robot moved a book. For example, if the user wants to 
move the green binder to an empty shelf, the following menu alternatives are selected, see 
appendix A: 
Menu 1: "BOOK TITLE" 
Menu 2: "GREEN BINDER" 
Menu 3: "TO EMPTY SHELF" 

The database will find the shelf number of the green binder and an empty shelf, where it places 
the binder. I f  more than one shelf is empty, the robot will place the binder in the shelf with the 
lowest number. 

The users were shown what happened when a book was borrowed and returned to another 
shelf. In this case the database was incorrect, which caused the robot to make a grasp in the 
air. To be able to grasp the moved book, the users had to update the database using the "NEW 
POSITION" alternative in the main menu, see appendix A. 
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2.3. Manual Mode 

In the second part of  the trials the users controlled the robot in manual mode. Manual mode 
was needed to be able to grasp a binder positioned on a table outside the book shelf, see fig. 3. 

Fig. 3: Manual mode was needed to be able to grasp a binder 
positioned on a table outside the book shelf. 

To control the robot in manual mode, the users tried both the joystick for continuous 
movements and an xyz menu for incremental displacements of  25, 10 and 2 cm. In these 
manual modes, the users only had to control the position of  the robot (x, y, z), not the 
orientation (yaw, pitch, roll). 

Instead of x, y and z, the user was prompted for letUright, away/here and up/down, all relative 
to the user, see the menu tree in appendix A. 

When using a two-degree of freedom joystick, the user had to switch between controlling the 
robot in the xy plane and along the z axis. The joystick manual mode is included in the French 
MASTER 2 system, which was used during these trials. 

The robot starting position was: (200, 660, 1150) 
The position of  binder 1 was: (440, 730, 765) 
The position of binder 2 was: (440, 590, 765) 

This means that the robot gripper was 240 mm to the fight and 385 mm above the two binders, 
from the user's point of  view. The distance between the centres of  the two binders was 140 
mm. The distance to the user was approximately 2 metres. A technical description of  the book 
gripper can be found in [2]. 
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Fig. 4: A video camera was directed towards the table with the two binders. The view was 
displayed on a TV monitor standing beside the computer monitor during the trials. 

A video camera was directed towards the table with the two binders. The view was displayed 
on a TV monitor standing beside the computer monitor during the trials, see fig. 4. 

When the video camera was turned on, the users could see the table, the binders and the robot 
gripper from the side view, helping the users when controlling the robot along the away/here 
line. 

2.4. Manual Mode and Autonomous Grasping 

In the third part of  the trials a simulated autonomous grasping function was invoked by the 
users, when the gripper was in the vicinity of  a book, see fig. 5. The distance from the gripper 
to the book was measured when the users invoked the autonomous grasping function. 

Fig. 5: A simulated autonomous grasping function was invoked by the users, 
when the gripper was in the vicinity of  a book. 
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3. R e s u l t s  

3.1. Automatic M o d e - -  Shelf Number 

It was difficult for the users to see the shelf numbers of the books. One of the users would like 
to have a small piece of paper attached to the screen, to be able to remember the shelf numbers 
of the books. The database has this function, acting like a small piece of paper inside the 
computer. 

3.2. Automatic Mode - -  Book Title 

The users liked this way of addressing a book, because they did not have to see the shelf 
numbers of the books. 

When a book was borrowed and returned to the wrong shelf, causing the robot to make a 
grasp in the air, the users wanted to correct the robot by addressing the book by its shelf 
number instead of  its title. This just temporarily solved the problem. The database was still 
incorrect. The users did not ask how they could update the database, but they were shown how 
to do it. 

3.3. Manual Mode - -  XYZ Menu 

The time to control the robot from the starting position until a binder had been grasped was 
approximately 8 minutes, using the xyz menu. 75 % of this time was due to the menu response 
time, i e the time delay before the robot movement had started and before the new menu had 
appeared on the screen. 

The time to grasp a binder was reduced to approximately 4 minutes when the users repeated 
the trials. The users began to remember the displacements to select in the menus. 

The TV monitor did not reduce the grasping time. One of the users wished to have the video 
camera mounted above the table, showing the top view of the binders. 

3.4. Manual Mode - -  Joystick 

Using the joystick to control the robot, the time to grasp a binder was 2 minutes down to 1 
minute. The time the users had to wait for the menus was approximately 25 % of this time. 

3.5. Manual Mode and Autonomous Grasping 

The gripper position just outside the back of  the binders is 100 mm to the right of the grasping 
positions. Therefore, the positions, where the users invoked the autonomous grasping 
procedure, are measured to the following binder positions: 
Binder 1: (340, 730, 765) 
Binder 2: (340, 590, 765) 

Using the xyz menu, the users started the autonomous grasping function when the distance to 
the back of the binders was approximately 50 mm. The time to reach this position was 
approximately 3 minutes. 75% of  this time was menu waiting time. 
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When the users used the joystick, they first had 40 seconds to move as close to the back of the 
binders as they could. The final distance was 50 to 90 mm with an average of 75 mm. 

When the users only had 20 seconds to move the robot, the final distance was 60 to 160 mm 
with an average of  95 mm. 

The approximate grasping times when controlling the robot in manual mode are summarized 
below. The grasping times are presented in minutes and seconds (rough positioning time + fine 
positioning time = total grasping time). 

Including menu delay: 
X'YZ Menu: 3:00 + 5:00 = 8:00 
Joystick: 0:40 + 1:20 = 2:00 

Excluding menu delay: 
XYZ Menu: 0:45 + 1:15 = 2:00 
Ioystick: 0:30 + 1:00 = 1:30 

4. Conclusions 

The TV monitor, showing the robot gripper from another angle, did not reduce the grasping 
time. The reason for this could be the difficulties to distinguish the gripper clearly from a messy 
background, but when the TV monitor was turned off" the users were unsure of  themselves. 
Tests with the camera mounted above the table and on the robot arm should be carried out. 

The users liked the simulated autonomous grasping function, mainly because of  the reliability 
of this function compared to manual mode, but also because of the short grasping time: 
13 seconds (including menu delay) 
6 seconds (excluding menu delay) 
However, a real autonomous grasping function will probably be slower. 

The autonomous grasping function should be able to find and grasp an object from a distance 
of 100 mm. This position could be reached by the users in approximately 30 seconds using 
either xyz menus or a joystick. 

When objects are smaller than binders and positioned closer to each other, the autonomous 
grasping function could have difficulties to find the correct object. Further user trials should be 
carried out with objects of  different sizes. 
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A p p e n d i x  A 

The following menu tree was used during the user trials: 
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