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Abstract

The aim of our project is to control the movements of a micro robot and manipulate microsystems in real-time
aided by virtual reality (VR), with a sub micron accuracy. :

As microsystems and micro structures become smaller, it is necessary to build a micro robot capable of
manipulating these systems and structures with a high precision of 1um or even higher. These movements have
to be controlled and guided. This article contains our first results in this new field of research.

The surface information of a Microsystem, e.g. the electrostatic micro motor fabricated with the LIGA-process
of Karlsruhe, is digitized with a laser scanning microscope. This motor has an average height of 84 um. The
laser is passed over the surface of the motor placed on a X-Y table and the height-data is registered. This
information is formatted to by treated by a VR-software system on a work station. The user of this system is able
to simulate the assembly of the missing parts, e.g. the rotor (120 um in diameter), beforehand in order to verify
the assembly manipulation steps. ,

Work is being undertaken to develop a vision system to guide the assembly directly during the manipulation
(real-time). This includes the development of a system to get a direct visual feedback. This work is a direct
extension of what the vision group has achieved in the conventional robotics field [Baur_92], [Fluck_94],
[Pique_94].

Introduction

Presently microsystems are receiving a lot of interest. Microsystems are small (typically less than lcm3)
independent modules, incorporating various functions, such as electronic, micro mechanical, data processing,
optical, chemical, medical and biological functions. They are often built of micro structures in the range of 1 to
100 pm in length. As those microsystems and their micro structures become smaller and smaller, it is becoming
necessary to build a micro robot capable of manipulating these systems and structures, with a high precision of
lpm or less. These movements must be controlled and guided. Typical assembled microsystems are the
micromotor (Guckel_91), the micro machine (Fukuda_92), and the micro pump (Menz_93) just to mention a
few.

The capability to control actions when operating at micro- or nanometer dimensions is highly relevant,
especially since the nanometer limit has already been reached and even surpassed by a number of manufacturing
technologies.

So far, only one aspect related to such a working scale can be considered as really operational and effective in
manipulating: the capability of performing measurement ranging down to the nanometer and the atomic scale.
That means that it is already technically feasible to perform a very accurate visual analysis of a microsystem
and/or its environment.
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At the Institut for Micro engineering of the Swiss Federal Institut of Technology in Lausanne the vision group is
working since 10 years in the field of object recognition and telemanipulation [Baur_87, Baur_89, Baur_92] and
the image ranging for object recognition [Nato_94]. These results will be applied in the telemanipulation of
micro structures.

A positioning measurement can be performed either internally (sensor directly coupled to the actuator) or
externally (a given point of the system is analyzed by a sensor having no immediate mechanical link to the
actuator: this will lead to a relative positioning). To develop an internal sensor able to define and measure the
micrometer is at present extremely complex whereas performing such a measurement externally is readily
feasible. High definition microscopes allow definitions greater than the nanometer.

The idea of this project is to utilize such a capability to perform the position control of a microsystem by
following the rules of an external sensor based approach shown in the picture 1 below. The system will
recognize the micro structures (several micrometers in diameter) to be manipulated and guide a micro robot in
real-time during this assembly while helping the user to plan the trajectories through the user-interface tools.
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picture 1: a microsystem or micro robot guided by artificial vision via a microscope

Our development is oriented to treat complex environments and 3D-VR environments in following the use of a
global map (in 2D) and a local 3D-tracking system (via 3D measurement - techniques). Our approach [Nato_94]
allows to get the location (x, y, z) [in wm] in 3D while at the same time permitting a high frequency update. The
K-system, being developed by the p-system-group at the IMT, and the p-robot, being developed by the p-
robotics-group, will not be discussed in this paper.

The first results and further steps of the approach of the vision-group (on/off-line telemanipulation of rﬁicro
structures) will be discussed in this paper. '

Metrology of the micrometer

The measurement of position is central to the problem of performing a controlled motion in the range of the
micrometer. To see and to recognize small micro structures for telemanipulation and to define their position in
space, strong microscopes are needed. These microscopes will need a high lateral submicronic resolution and at
the same time a fast inspection system to insure a real-time teleassembly with the targeted precision of a micron
or higher.

In the following table some of the commercially available microscopes are listed with their important
characteristics as well as their prices.
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microscope lateral Depth of|real time]| costs in kUS

resolution (um) | Focus (Lm) imaging $

LM >0,5 0,01 yes 10-20
Light-
Microscope

SLM >0,3 0,1 yes 125-180
Scanning-Laser
Microscope

SEM 0,5 to 0,002 10,0 yes 100 ->650
Scanning-Elektron
Microscope

AFM > 0,001 0,001 yes > 300
Atomic-Force-
Microscope

TEM >0,002 1,0 yes >300- 1300
Transmission-Elektron
Microscope

Table 1: Comparison of different microscopes (Rich_92)

The costs increases from 10-20 kUSS$ of a light-microscope (LM) up to 1,3 Mio for a TEM.

If you compare the lateral resolution and the depth of focus of different Microscopes, shown in picture 2, you'll
remark that the wavelength of the visible light (about. 400-800 nm) is a natural barrier for the lateral resolution.
A guided Micro manipulation is targeted with a precision under 1 micron, so you have to control 1/10 of a
micron to insure any manipulation at this scale. This purpose is only ‘reachable with the high resolution
microscopes SEM, AFM and TEM. Though we have chosen a SLM, because the working field is bigger t}:»« of
all the others and you don't have to work under low pressure or even vacuum. Secondly you may reach 10nm in
vertical resolution and with a positioning technique you may rise even the lateral resolution. This will be
discussed later. The SLM will be combined with a classical 2D-microscope to get a global view.

Vision / VR-interface

The next option for an easily programmable high performance controlling system for telemanipulation is the use
of a guiding-system based on Virtual Reality. Our experience in the macroscopic world [Baur_94] has shown,
that using VR to simulate and insure certain movements and behaviors of manipulators is only half the way to a
guiding system preventing collisions and insuring all wanted movements. In combining artificial vision and a
VR-based programming system, this specification can be insured. By using vision, the aim is to define the
position of a real robot part in the 3D space (usually the end effector) without locally defining the robot joint
positions. This 3D information is then, ideally, updated in real time to verify if the scheduled task is performed
correctly. The main advantage of such an approach is to present an accuracy which is not directly linked to the
mechanical characteristics of the manipulators. The main disadvantage for specific applications is to be obliged
to perform a high frequency 3D position update so this slows down the speed of the guided manipulation.

In our approach we want to treat complex environments (3D-VR environment) by using the information of a
global map (in 2D) and combining a local 3D-tracking system (via 3D measurement-techniques). Our approach
[Nato_94] allows the use of a mid-size workstation to get the location (x, y, z) [in pm] in 3D while at the same
time permitting a high frequency update. A user-defined 3D-model is used, when needed, otherwise 2D-
information is treated.

Picture 2 shows the user of the system and his tools. In our example the real environment of the microsytem, e.g.
the electrostatic micro motor fabricated with the LIGA-process of Karlsruhe (IMT-KfK / Germany)[Wall_92],
is digitized with a laser scanning microscope. The motor has an average height of 84 pm. The laser is passed
over the surface on a X-Y table and registers the height-data. This information is formatted to be treated by the
VR-software system on the work station. The user of this system is able to simulate the assembly of the missing
parts, e.g. the rotor (120 pm of diameter), in advance, so as to insure the manipulation.
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Picture 2: The actual VR-interface via a SLM (full-line) and future developments, integration of a vision
feedback and robot control in real-time (dashed line).

The user has the possibility to attach the movements of his spacemouse (1) or the 3-D-mouse (3) to certain
system capacities. He may attach his movements directly to the movements of the robot or he may "fly" into the
scene (workspace of the p-robot) to insure the manipulation from all sides. The 3-D-shutterglasses (2) help him
get a real 3-D image on the screen to work longer under realistic conditions (3-D-view).

Tests have shown that the performance of the mid-size workstation used is insufficient in the up-date rate to
cope with an accurately defined global view at a high precision [um]. The environmental description has
therefore been divided into two parts: a coarse and a fine description.

The coarse description will allow the user to define a rough 3D model of the Microsystems's environment. Such
a description can be updated at a slow scan rate. To define the global (coarse, not so precise) view, we will use a
light microscope (LM) with a 3-D object-recognition system in our future development.

The fine description (SLM- Scanning laser microscope) will allow the system to accurately define the 3D
position (x,y,z,9x,qy,qz) of the object of interest (end effector, tool, object manipulated, receptacle, etc.).

The first step of this project was to select the adequate technique to perform the global and the local world
description and to show the feasibility of such a system in the accuracy-range of 1 micron.

In the following pictures (a-->d) are shown the procedures followed in developing the (fine) environment of the
Microsystems and the tools to use in the telemanipulation. To be able to solve the sampling rate problem, it has
been decided to combine global (coarse) with local (fine) visual analysis techniques in future steps.

a: 3D triangular mesh of KfK-micromotor after fine scan b: After a shading of the surface
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c: Simulation of a microtelemanipulation d: User of the VR interface and his tools

picture 4: Procedures followed in creating the VR-environment of a on/off-line microtelemanipulation and the
tools used, LIGA-micromotor in cooperation with the KfK, Karlsruhe, Germany [Wall_92].

Feedback by artificial vision

Two approaches are available to perform a positioning by an external measurement. The first one, the
conventional approach, is based on the image supplied by the microscope as the sole source of information. The
second one, a more up-to-date approach, uses a model with a representation as detailed as possible with an a-
priori-knowledge of the scene that is to be analyzed. The combination of prediction/verification techniques
between the real and virtual worlds (i.e. the worlds as viewed by the microscope and that contained by the
knowledge representation model) provides the necessary information required to carry out positioning.

Such an approach promises a number of advantages over the classical one: The capability of combining
information provided either by the microscope or by a mode! established in a former stage greatly increases the
robustness of the analysis system and in a similar manner improves upon the action of positioning.

Knowing the 3D model of the actuators (micro robots, micro machines, etc.) and their environments, the user
can have access to a virtual reality based task description and supervision environment. Tests at the IMT vision
group have shown that such an environment can greatly improve the man-machine interface and increase the
efficiency for the user and the manipulation system whatever the distance or the scale between them
(teleoperation) may be. To perform and insure, in our case, such a manipulation, a real time 3D points tracking
system in the micron-range will be proposed to get a high precision feedback by artificial vision. Such laser-
tracking-systems already exists in the macroscopic world [Allen_93], [Green_93] and with some changes they
could be adapted to the micron scale.

XY, 2Z,
fx, fy.fz

Picture 5: proposed feedback of a defined microtelemanipulation by a 3-point-tracking system using a SLM

To increase the quality of both descriptions, passive as well as active enhancement techniques will be tested. For
example, in an active method, the 3 points of interest (Z1-Z3) for 3D positioning can change their property
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(emisivity, refraction, etc.) relative to the sensor position of the used SLM-Scanning laser microscope. These
aspects, which is the third step of our proposal, will lead towards the new positioning techniques on the micron
scale required by such a system which is called microvisionsystem.

Microvisionsystem MVS

The microvisionsystem MVS helps the user to identify the u-system and to manipulate it in an intuitive way by
using all the advantages of the VR environment.

1. Motivation to build such a system
To be able to generate a movement of a given amplitude requires three steps:
- generation of the movement itself (actuators)
- measurement of the displacement (sensor)
- feedback from the sensor to the actuator (servo control and regulation)

Due to the working scale of a p-robot, it has been necessary to develop new techniques to cope with
manipulation and positioning in general.

User

Microvisionsystem MVS

7'y A
| )
( TestD Microscope

N\
A

Simulation
Program

Computer

Model ="

Picture 6: concept of the microvisionsystem (MVS) for On-line-control of the movements of the micro
manipulator

The user guided by the microvisionsystem (MVS) in Picture 6 treats the surface-information of the manipulated
object with a microscope. A scanning laser microscope (SLM) or a light microscope (LM) will be at his
disposal.

He uses the models (tools and objects) of his database, which to summarize, it can be stated that the
modelisation of the a priori knowledge known about a candidate scene beforehand. The use of this knowledge in
a model representation makes a system more reliable and complete.
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2. Feedback by vision
Among the advantages, using a vision feedback, we can highlight the following:

- the capability of emphasizing certain characteristics of the object under observation (during its conception
as well as during its observation).

- geometrically the models can be three-dimensional (3D); hence the relation between the two worlds is then
direct. Of course the modelisation is not limited to geometrical considerations and a number of other
parameters can be taken into account (photometry aspects, chemistry aspects, ...).

- these models can be used in environments not limited nor directly related to the context of the positioning
problem encountered with the p-robot. Indeed they can be used in simulations, detailed analysis, support of
transmission of information between machines and/or operators, etc.

Industrial potential

The industrial potential for the presented system is seen in

- Micro manipulation in a clean room of a class 10 and higher (teleoperation)

- Quality-insurance of smallest parts and objects,

- Repair of microelectronics and micromecanical devices

- Assembly of Microsystems (pressure-, acceleration- and chemical sensors, micromotors and-gears),
- Positioning of optical fibers and lenses,

- Assembly of optical micro structures in general

Cleanness during assembly allows insurance of wanted functions of a microsystem and is important for systems
applied in the medical field (like in the project "Minerva" [Burck_93] in our Institut IMT at Lausanne).

Other Applications are visible in the field of biological and medical research (Manipulation of cells, DNA,
biological materials, etc....)

Conclusion

The discussed system has an VR-interfaced environment, integrating a microscope, a command and a simulation
system and will permit (on-off-line) microtelemanipulation of H-systems or p-robots. These movements will be
guided and controlled. In combining 2D and 3D-measurement-techniques mid-size-workstations will be fast
enough to cope with the high update-rate.

This work is a direct extension of what vision group has achieved in conventional robotics field [Baur_92)},
[Fluck_94], [Pique_94].

Work is being undertaken to develop a vision system to guide the assembly directly during the manipulation
(real-time). This includes the second step of development of a system to get a direct visual feedback. The
generation of the 3-point-tracking system will be the final step.
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