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Abstract. To compare traditionally established 3D-input-devices with a new 
ergonomically motivated equipment, an evaluation software is needed. With 
this software the control of different 3D-input-devices has to be applicable. The 
main attention of the evaluation is to determine the advantages of the  
new developed HAPTOR-device. The HAPTOR is an user-centred table based 
3D-input-device. Intuitively used paths of the hand should be the basics of that 
device. To evaluate the users comfort additionally to the log parameters of the 
software, questionnaires and observation are necessary.  
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1   Introduction 

For more than twenty years modern technical devices displace old fashioned tools 
in the everyday life of engineers and technical designers. For example in the 80's a 
technical designer worked with attraction board and pencil, today he usually works 
at a workstation with mouse and three-dimensional input devices. An engineer is in 
a similar situation during the control of machines in micro- and nano-environments 
as well. 

The development of 3D-input-devices in the 90’s was predominantly powered by 
the “European Space Agency” (ESA). In the following years these devices were also 
made available to the free market. Now the current trends are dominated by the needs 
of the gaming market and the requirements of 3D virtual realities in caves. 

All devices have special fields of application, so there are handheld devices  
as well as table based units. This raises the question: Which 3D-interface is the  
best for a special problem? Different tasks and working areas esp. in medicine,  
CAD, automotive or aeronautical purposes require different interaction devices. But  
these interface devices also have to be comfortable for the users during a whole 
working day. 
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A new development, a 3D table based input device, should reduce ergonomic 
deficits and makes the 8 hour working day much more comfortable. The used and 
measured intuitive paths only allows a less reachable space of motion like it is 
described in DIN 33402-2 [1], and these measured paths had been built the base for 
the new input device. 

2   Development of the Evaluation Study 

In 2003 Krauss presented an evaluating concept for 2D pointing devices [2]. He found 
that it is necessary to have quantitative measurable attributes of the handling of 2D 
pointing devices. To determine the usability of 3D human interface devices 3 
evaluation tasks were created which are based on the “DEVICE” test tasks (see [2]). 
The “DEVICE” test task based on two mouse operations well known from all 
window-based software systems, the “Click”- and the “Drag & Drop”-action. An 
additional used third operation is “Draw” a line. Krauss proposed to measure the rate 
of use, the errors during the operational time and the positioning and course accuracy 
during these three exercises. 

Of course these three measurable attributes are just as interesting for 3D-input-
interfaces as for 2D pointing devices. But not all mouse operations are operable with 
3D interfaces, e.g. the “Click”-operation. Though it was necessary to develop a new 
measuring tool for 3D-input-devices. 

With the new software tool it is possible to evaluate all 3D human interfaces which 
support the “Human Interface Device” (HID) standard of the Microsoft Windows® 
XP/2000 platform. 

2.1   Test Tasks 

In the first two tasks the positioning accuracy with and without barriers will be 
detected. The idea based on the “Click” and the “Drag & Drop” task developed by  
 

  

(a) (b) 

Fig. 1. (a) Modified picture of test task 1, the red box (presented in white) has to be moved on 
the direct line. (b) Modified picture of test task 2, the red box (presented in white) has to match 
with the blue area (presented in dark-gray). 
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Krauss [2]. These tasks have been extended to 3D-environments and modified 
depending on the capabilities of the devices which should be tested. Not all tested 
devices supports any kind of button, so a real “Click” even “Drag & Drop” is not 
possible.  

The software is registering log-files containing data of distance and deviation from 
the straight line. The time-stamps of every event also will be stored. These log-files 
can be analysed afterwards with common standard statistic tools. 

Like shown on fig. 1a a red box should be moved on the direct line to the empty 
field which is marked with two blue squares in task 1. To support the experimentees 
the current position is marked by two red squares on the back and the bottom which 
have to be matched with the blue fields. 

The test person’s skills with 3D-Enviroments will influence the results in different 
ways. If an experimentee has experiences with 3D representation and a good power of 
imagination, then working with the test tasks will be much easier than without these 
abilities. 

In task 2 (fig. 1b) a red box has to be moved to a position highlighted by a blue 
box. The direct line is not possible in this task because of the pyramid as a barrier 
which has to be evaded. If the red box bounces with the barrier, the box will be locked 
for moving in the bouncing direction. But still the shortest path between starting point 
and goal, the blue area should be used. 

 

Fig. 2. Test task 3, the ball in the tunnel 

The third task was created to test the course accuracy of the input devices. The 
software shows a random course through a virtual tunnel (like shown in fig. 2). The 
user has to move a ball without touching the tunnel wall for a specified period. While 
running the task also data for evaluation are written to another log-file.  

The logging parameters for this task are: 

• Number of bounces: ball – tunnel 
• Time-stamp of bounces 
• Distance: centre of ball – centre of tunnel 

Additional to the log-files an observer looks at the person executing the tasks (see 
chapter 2.3: Testing procedure). 
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2.2   Tested Devices 

The three devices, which were be tested in the first stage at the Technische Universität 
Ilmenau are the CadMan, a joystick, and a self developed 3D-input-device called 
HAPTOR. [3] 

The non-interchangeability of the 3D-input-devices is a problem while developing 
test tasks. The devices are strictly designed to fulfil the needs of special tasks. For 
example it is difficult to play a flight simulation with a CadMan as well as to control a 
CAD-software with a joystick. 

The current available 3D-input-devices could be divided into three classes: 

1. Line-based (for example PHANTOM from SensAble Technologies Inc.) 
The HAPTOR is also a line-based device like a mouse in 2D. Only points in the 
area, which is provided by the device and the scale factor, could be reached (see 
chapter 3). 

2. Angle-based (for example a joystick) 
To move in one direction the tip of the joystick has to be pressed in this direction, 
but the bottom is fixed in the ground, so the desired direction can be measured by 
its deviation angle. By that technology can only 2D be realised. For the 3rd axis the 
speed controller has to be used. The software provides a mechanism to change the 
assignment of the axes. 

3. Force-based (for example CadMan in fig. 3). 
To move straight on in one direction just keeps pressing the device in this direction 
and the courser should be moved.  

 

Fig. 3. CadMan from 3Dconnexion 

2.3   Test Procedure 

The evaluation should be done by two persons. The first experimentee executes the 
evaluation tasks with one of the devices which have to be tested (see fig. 4). At the 
same time the observer logs all visible indications of the first person’s behaviour. 
Observer’s task is to keep an eye on the handling of devices during the different test 
tasks with following questions:  

• How much training was necessary to reach adequate results?  
• Have been used additional resources? 
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• How does the experimentee complete the tasks? 
• If the experimentee has had more training, the results would become better? 

 

Fig. 4. An experimentee executing the test tasks 

After finishing the tasks the experimentees also have to fill out a questionnaire like 
shown in fig. 4 about their experiences before and during the tests: 

• Do you have experiences in using the PC? 
• Which kind of input devices do you use usually? 
• Assess the following attributes of the input devices: stability, form, robustness, 

handling, comprehensibility, controllability. 
• With which device could solve the test task best? 
• Evaluate the potentiality of each device depending on the test task. 

The log-files can be analysed with mathematic and statistic algorithms. For 
example in test task 3 the absolute deviation between the centre of the tunnel and the  

 

 

Fig. 5. How to calculate the deviation between ball and tunnel logged in test task 3 [4] 

deviation 
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centre of the ball could be calculated for each logged time-stamp (see fig. 5). 
Subsumed the average of deviations could be compared between the different devices 
and the different users. 

The results of the questionnaires and the log-files of the test task will be compared. 

2.4   Expected Results 

For the positioning accuracy test (task 1 and 2) the CadMan should be as good as the 
HAPTOR. But the personal comfort of these devices might be different. It is not 
expectable that there will be general differences between the use of CadMan and 
HAPTOR in that case. 

The hypothesis is that a joystick will be the best 3D-device for the course accuracy 
test (task 3). The mental model of flying around will be mostly used by the people 
looking at the test screen. And this mental model will be best represented by 
joysticks. It will be also interesting if there are different axes setups will be used. 

A subsumed expectation is that the best over all results of positioning and course 
accuracy will be reached by trained people, independent of the used device. In the 
same context it will be interesting if untrained experimentees get better results with 
the HAPTOR than with the other devices for the positioning accuracy tests. 

3   The HAPTOR, a 3D-Input-Device Based on Ergonomic Design 
Criteria 

Less strain as possible for the worker is needed for high-quality workplaces and a 
zero-error production. Especially 3D-navigation-tools cause stress during an 8-hour 
working day whenever the tool is not optimally adapted to the user. To determine 
this a test design to analyse the perception of comfort with 3D-input-devices was 
needed. 

To get a first guess the paths based on the model of the hand were generated with 
combinations of four-bar-linkages. But now this tool was used for more experiments 
than to proof the original idea. 

3.1   Ergonomic Background 

The development of the HAPTOR had started with several experiments to measure  
the path of moving a ball comfortably. The arm and wrist was shored up and only the 
hand could move the ball. The course poles were deduced from intuitively used paths 
of the hand (see Fig. 6). Based on these comfortable and intuitive paths the 
mechanical construction had been realised. 

The German norms DIN 33402-2 “Body measures of human beings” [1] and  
DIN 33408 “Body outline pattern” [6] describe the maximum reachable space of 
motion which can be used by the human’s hand. Therein the maximum bending and  
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Fig. 6. Spherical shapes of native motions of the hand [5] 

stretching angle of the wrist is indicated as 50°-60° in each case, but some other 
references indicated the bend angle even as 75° [7].  

Contradicting to these values the experiment with shored up wrist showed that a 
stretching angle of approximately 13° and a bend angle of approximately 38° are 
specified as the comfortable range. The normal position is bent about 13° [8]. 

3.2   Mechanical Development 

The measured motion area was analysed in the first development step. The intuitive 
paths of the freely moved ball have a spherical shape (see. fig. 6) and can be 
approximated by a circular arc. The centre of this circular arc was calculated. This 
centre point differs from the position of the wrist. The motion of the hand depends on 
the wrist-bones and that might be the reason for the detected centre point. This nature-
related motion is not only a rotation; it is furthermore the result of combined 
movement of hand, fingers and the forearm.  

A principle based on those poles has been developed and a mechanism which 
generates a spherical motion like the measured hand-motion has been realised. That 
four bar linkage is able to implement the needed circular arc and to allow the 
necessary motion space which was detected. Some modifications lead to the parallel-
epiped-layout shown in fig.7a.  

The second step of the HAPTOR-development was to build up a device to examine 
the concept of ergonomic input (see fig 7b). It was shown that experimentees feel 
more comfortable with these realised paths. So it is necessary to have a forearm rest 
to use the full motion capacity of the hand. This is another result of these experiments. 
Only in this way a comfortable usage of the table based device is possible and 
acceptable. 

The third step of the experimental setup was recording the motion paths on  
a PC with the new device. For this recording several electrical sensors had been added 
to the device and an electronic interface for computer-based measurement and 
connection interface between HAPTOR and PC had been developed. 
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(a) (b) 

Fig. 7. (a) Mechanical principle [5]. (b) Test device at the PC [5]. 

3.3   Electronic Development 

The electronic development had been realised also in three steps until now. To use 
the VRIB1 – Inbox [9] developed by a BMBF founded project, an additional measure 
amplifier was needed in the first step. The VRIB – Inbox is a fully supported 4 
Channel I/O-device for analogical sensor data, which will be recognised by 
Windows® as an HID and will be supported by internal Windows® drivers. The 
HAPTOR requires three channels for measuring the three axes. Every axis is 
measured by two independent potentiometers mounted at two different hinges. These 
two potentiometers should be integrated within a resistor bridge circuit. The first 
development worked quite well but needed 24V DC as supply voltage which will not 
be provided by most of the common power supplies.  

Even because the VRIB project already finished in 2004 and no additional devices 
were available, another solution had been developed. This developing stage is still in 
progress. The supply voltage of this new electronic device should be 12V DC. So the 
amplifier also has to be redesigned to work with the half supply voltage. Also another 
concept of analogical-digital converting has to be used. For further stages it is planned 
not only to measure the position of the device, but even the device itself should be 
positioned actively. If there is a collision within the virtual reality the user should be 
given a haptic feedback. 

These requirements could be best fulfilled by using an embedded CPU with several 
digital and analogical I/O-Ports. The AVR 1282 CPU could be programmed easily 
with C-code and provides enough capacity to measure the sensors and to instruct the 
drives for next development step. 

The current solution is a combination of the VRIB – Inbox and the newly designed 
amplifier board. This intermediate stage was necessary to connect the HAPTOR with 
the evaluation software which only provides the HID support (see chapter 2). 

                                                           
1 VRIB: German abbreviation for virtual reality interaction construction kit. 
2 AVR 128: a programmable micro-controller from ATMEL Corporation. 
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3.4   Upgrades and Further Development 

The connection of this tool to several applications and tests of different tasks are the 
next steps. The efficiency of the HAPTOR is to be evaluated and compared with 
classic 3D-I/O-devices. Experimental applications described in chapter 2 only are the 
very beginning of these tests. The applicability of the HAPTOR will be analysed for 
special workitems in the next time. One task is the manual control of an assembling 
tool. This device may be a first step directing to a new user-interface usable in 
assembly departments for nano and micro technology [10]. 

4   Summary 

A new developed 3D-input-device had to be compared with old-established devices. 
The advantages of the new device HAPTOR only could be demonstrated if different 
devices could be used with the test tasks. Using means, the software has to allow the 
operation of different devices by using a common connection protocol as well as that 
the mental model of the tasks allows the experimentees to fulfil the same task with 
different input devices. These requirements have been realised with the three test task 
of the evaluation study. Additional the user’s experiences will be evaluated by using 
the questionnaires. 

The new development “HAPTOR” differs from the old-established devices by the 
development basics. Not the functionality is in the focus of the development; the main 
attention was pointed to the users comfort. During several steps the I/O-device 
HAPTOR had been created, but the development is still in progress. First the 
intuitively used paths of the hand had been measured. A principle from these paths 
was derived and a mechanism to realise the spherical motion had been constructed. 
To validate the construction several sensors had been added and connected via a 
special interface to a PC.  

This research step is jointed with the evaluation software and some pre-tests were 
executed. Extensive test series will be started soon.  
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