
Analysis of Tolerance for Manufacturing Geometric Objects from

Sense Data

Tarek M� Sobh� Xiao Hong Zhu� and Beat Br�uderlin �

Department of Computer Science
University of Utah

Salt Lake City� Utah �����

Abstract

In this work we address the problem of manu�
facturing machine parts from sense data� Con�
structing geometric models for the objects from
sense data is the intermediate step in a re�
verse engineering manufacturing system� Sen�
sors are usually inaccurate� providing uncer�
tain sense information� We construct geo�
metric entities with uncertainty models for the
objects under consideration from noisy mea�
surements and proceed to do reasoning on the
uncertain geometries� thus� adding robustness
to the construction of geometries from sensed
data�

� Introduction

Reverse engineering is a process that reconstruct a rep�
resentation of a physical model� so that it can be repro�
duced identically� It is a new branch in the CAD�CAM
�eld� Parts are manufactured according to blue prints�
but when blue prints are not available� �such as� the
part is too old� and its blue prints are missing�� reverse
engineering can be used to reproduce these parts� This
can be achieved by the following two steps� sensing the
part to construct its CAD representation and then man�
ufacturing the part according to the representation� It
is easy to see that the accuracy of measurement is the
key to success in reproducing an accurate CAD model�
The accuracy of the measurement can be improved

not only by improving the quality of measuring instru�
ment� but also by optimizing sampling data� A reverse
engineering system has been built and the measuring
process is done by a vision sensor �B�W CCD camera�
and a coordinate measuringmachine �CMM�� The phys�
ical model is inspected by cooperating the observer cam�
era and the probing CMM� The observer camera pro�
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vides a high level �qualitative� description of the phys�
ical model� and the CMM complete the CAD model
with precise parametric data� Figures � and 	 provide
an over view of the whole system� Figures 
� �� and �
show original and reverse�engineered CAD models and
physical parts� Figure 
 shows the vision setup�
In order to increase accuracy and e�ciency of the

measurement� a feedback sensing system is designed as
shown in �gure ��
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In this feedback system� a probabilistic geometric
modeler is involved as a feedback agent to provide in�
formation for further measurements required to re�ne
the CAD model� and also gives a quantitative mea�
sure of the accuracy of the current CAD model� The
CMM machine actively measures the parameters for lo�


