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Abstract. Highly individualized and customized products with dynamic life-
cycles increase the need for flexible and reconfigurable assembly systems. In-
dustrial robots are a key technology for future production systems especially for 
large scale components. The trade off between increasing work piece dimen-
sions and constant or even increasing tolerance requirements, that are in some 
cases comparable to micro assembly systems, has to be solved by flexible and 
precise manufacturing and fixtureless assembly processes. 
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1 Assembly of Large Scale Parts 

The achievable accuracy of a robot based assembly system is influenced by the 
weight of work pieces and end-effectors, process forces, gravitation and temperature 
of the surroundings. Manufacturing, handling and assembly processes of large scale 
parts often take place in production sites with harsh environmental conditions. Tem-
perature changes are influencing the handling kinematics as well as the work piece 
geometry.[1] The deflections lead to inaccuracies during the handling and assembly 
process that complicate the compliance with the required tolerances.[2] 
 A process integrated frequent calibration of the robot kinematic can help to im-
prove the positioning accuracy of the robot. The calibration routine should be quick 
and repeatable. For a number of kinematics within the same working area a calibra-
tion with a calibrated material standard is possible. The material standard displays the 
same manufacturing and assembly tasks as the later product. Therefore the manufac-
turing of the standard is time consuming and the method is inflexible and expensive 
especially for large scale parts. Other methods aim to improve the positioning accura-
cy of the robot kinematics by the use of Global Reference Systems (GRS). The GRS 
defines a communication network for the exchange of information such as the posi-
tion of manipulating machinery and non-manipulating devices of a production system. 
For manipulating machinery, large-volume measurement systems [3,4] such as in-
door-GPS (iGPS) and laser trackers are suitable [5,6,7]. For non-manipulating devic-
es, deviations are detected by local sensors e.g. machine-vision systems, light-section 
or force/ torque sensors. They are capable of measuring local features and require 
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additional data from other GRS- integrated systems. This information is necessary to 
transform the 3D CAD data into the reference system and aligned the real work piece 
to final geometry. The integration of the measurement technologies is expensive and 
the measurement uncertainty is approximated >100µm without the influence of very 
harsh environmental conditions. That does not meet the accuracy requirements of 
many assembly processes. 

2 New Measurement Technologies for Maximum Precision 

Etalon´s Absolute Multi Line is a new measurement system based on frequency scan-
ning interferometry (FSI) and seems to be capable for a reconfigurable, fast and very 
precise calibration of a number of robot kinematics in the same working space. The 
measurement system is able to measure 24 absolute lengths with an uncertainty of 
U=0,5+0,5µm/m (interferometry uncertainty). The set up consists of 24 optical fibers 
and a reflector mounted on the Tool Center Point (TCP) of the robot. The laser lines 
can easily be integrated along typical working paths of the robot. For the calibration 
the robot will move the reflector into the beam and run a calibration sequence along the 
laser beam. At each point the measured length between the end of the fiber and the 
reflector will be compared to the length calculated from the positioning information of 
the robot. The deviations between the data can be used for an evaluation of the robot´s 
positioning accuracy and be compared to the accuracy required by the holistic toler-
ance management. In addition the information shall be used for an online compensa-
tion of the robot path. But there is an even more sophisticating solution to enable an 
online calibration and even control of the robot kinematics. This approach requires the 
ability to track a target which is mounted on the robot´s TCP by multiple interferome-
try distance measurements. Therefor the system need the ability to track a target 
mounted on the TCP of the robot. The mechanical concept is presented in this paper. 

3 Virtual Metrology Frame 

In the 1960’s Brown described the idea of a “virtual metrology frame”. Greenleaf 
illustrated the principle of a selfcalibrating surface measuring machine in 1983 as 
shown in figure 1. 
 

 

Fig. 1. Selfcalibrating surface measuring machine 
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Fig. 4. Tracking unit 
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8 Conclusion 

This paper introduces an approach to integrate an absolute interferometry measure-
ment into multi robotic assembly applications. Brown´s idea of a “virtual metrology 
frame” and Greenleaf´s principle of a mechanical selfcalibrating surface measuring 
machine becomes accessible for multi robotic assembly. The 24 Multi-Line channels 
are positioned and orientated by cost efficient tracking units based on the operational 
control data and 3D position information of the robots. This enables the tracking of 
multiple targets by multiple interferometry distance measurements to determine a 3D 
position information of the robot´s TCP through multilateration. In the future there 
will be further developments integrating more reflectors to calculate 6D information 
for the position and orientation of the robot´s TCP. 

A strong simulation of the metrology infrastructure incorporates all influences of 
the multi robotic assembly process and the measuring system. It is possible to optim-
ize the system´s setup in early planning phase to guarantee a strong visibility during 
the assembly process. 

The concept results in a virtual metrology frame which allows to determine 3D po-
sition information for multi robotic assembly with the measurement uncertainty of an 
absolute interferometry measurements system. 
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