


3. TELEOPERATOR

The teleoperator side of a telepresence production system
consists of all the required components to fulfil the desired
task. Two important teleoperator requirements are:

1. The ability to provide feedback information to
guarantee an intuitive operator environment.

2. Safety mechanisms to avoid harm to equipment.

The first requirement mostly involves the provision of high
performance sensors, which are the core components for
acquiring, processing and transmitting process data to the
operator. In particular, sampling rates play a crucial role in
guaranteeing adequate haptic feedback and the resuting
‘immersiveness” of the operating environment.

Physiological fundamentals of human perception are
essential for providing a close-to-reality impression.
According to [4], the human hand has asymmetric haptic
input/output capabilities. Although the human is only
capable of movement frequencies in the range 5 — 10 Hz,
much higher haptic feedback rates are needed to ensure
powerful haptic perception. For example, for meaningful
kinesthetic perception, position and force sensors should
provide sampling rates no less than 20 - 30 Hz. Even
higher sampling rates (300- 500 Hz) are required for
feeling high frequency forces with low amplitude, such as
chatter. For the perception of vibrations during skillful
manipulative tasks, required bandwidths may exceed
5-10 kHz.

Furthermore, intuitive operability requires the operator to
be focused on the production task, and not be bothered by
additional auxiliary operations such as changing sensor
parameters and adjusting view-points during operation.
Therefore, the teleoperated system must provide “smart”
sensor modules which contain autonomous or semi-
autonomous calibration functions. The sensors must
recognize new environmental parameters and be able to
adjust themselves. Additionally, for high-fidelity interaction,
the operator must not notice this calibration process.

For visualization and multimodal presentation of process
information, all sensor signals must be continuously
monitored, processed and presented in a customized
manner which is dependent on the individual sensomotoric
skills and preferences of the operator.

The second requirement is that of safety in the
teleoperator environment. There are two main groups of
safety risks. The first group concerns possible
malfunctions of the teleoperated assembly system itself.
To minimize these risks, the status of all components is
continuously  monitored and  appropriate  safety
mechanisms are implemented in order to decide whether
this failure is safety-critical or not. The second group
describes the safety risks from possible operations errors.
This class of safety risks can be handled by continuously
monitoring the current process conditions. In the case of
irregular process conditions, such as when predefined
force limits are exceeded, the system must react to the
situation and support the human operator in an appropriate
manner. Suitable system responses include blocking
further movements, retreating movements, an emergency
stop reaction, and visual or acoustic user warning. To
further improve system reliability, fail-safe reactions such
as reduced speed areas are important. Automatic danger
recognition by the sensor system based on previous
malfunctions can also be implemented as an extra safety
precaution.

Specific to manual micro-assembly tasks, additional
requirements of the teleoperator side exist. The prime
requirement is that of accuracy, which the sensor and
actor components of the teleoperator must provide for

highly precise positioning and assembly processes. Even
very small forces which appear in the micro-assembly
process can cause unacceptably high surface pressures,
therefore risking product damage.

Many micro-assembly processes involve clean room
conditions, because any pollution, such as dust particles,
may affect the functionality of the micro-objects to be
assembled. Uniform process environments at the
teleoperator side are best provided in laminar flow, without
any direct interference of the human operator within the
process area. Therefore, only supplying tasks need to be
manually accomplished at specific interfaces without
teleoperation.

Since teleoperated micro-assembly systems are applicable
to piece or small scale production, they must be
customizable to changing assembly tasks with minimum
additional effort. Therefore, exchangeable hardware and
software modules of the teleoperator are essential. In
order to assure a wide range of application, sensor
modules must also be easily exchangeable and adaptable
to different tasks. This flexibility also helps the goal of
reducing production costs per part.

4. OPERATOR

The operator side is the “man-machine-interface” of a
telepresence system. As previously discussed, to gain all
the advantages of a telepresence system, the operator
must be supported with high fidelity information to
guarantee intuitive and ergonomic task completion.
Visualization is the most important sense for humans. The
simplest way to obtain a view of the scene is through a
video camera at the teleoperator side which sends the
image to the wuser. Particularly in micro-assembly,
achieving a high-quality video stream of the environment is
difficult, because of the small dimensions involved. High
resolution cameras are mainly available in greyscale, and
with many metallic surfaces, reflections can lead to a poor
image. Remedy can be achieved by using a virtual
environment for displaying the scene. Because the
teleoperator environment in micro-assembly tasks is
known, all objects can be modelled. This stands in contrast
to teleoperation tasks in unfamiliar environments such as
teleoperated planetary exploration or surgery. In most
cases, three-dimensional CAD data is already available
and can be used. The advantage of virtual reality
visualization is the range of vision, which is only limited to
the quality of the CAD data. Today's graphics cards are
capable of visualizing more than one million triangles with
a framerate of approximately 20. In addition, the viewpoint
of a virtual environment can be easily changed. To solve
the problem of missing depth of focus information in 2D
images, several windows with different views can be
displayed. If the workspace is very complex it is useful to
have an immersive stereo vision system, which allows a
three dimensional view on the scene. Active stereo with
shutter glasses can be relatively easily implemented with a
monitor. For larger displays, passive stereo with polarized
beamers are fitting.

Although visualization is the most important human sense,
humans also benefit from other senses such as acoustic
and haptic. The haptic sense is particularly useful in part
assembly scenarios. The importance of haptic feedback
during telepresent assembly was proven in an experiment
at the jwb [5]. Because the haptic sense is more complex
than the visual sense, haptic input/output-devices, also
called force feedback devices, vary extremely in
functionality and cost. The main differences are the types
of the devices (e.g. wearable vs. non-wearable), the
supported degrees of freedom, and the maximum forces









