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Abstract

The paper presents a system, which enables the conver-
sion of paper-based technical drawings into a format suit-
able for CAD systems. The system is based on a com-
mercial available scanning and vectorization unit. Since
the vectorization results are far from being perfect, a post-
processing component to remedy some of the weak points
have been created. The improved vectorization results per-
mit a knowledge-based interpretation of the drawing con-
tent along with error detection and drawing redesign.

1 Introduction

Paper-based technical drawings constitute a great poten-
tial of know-how in many companies, Nowadays, the pro-
cess of construction and documentation of a product is
based on CAD systems and is no longer paper-based. A
gap exists between the old (paper-based) and the new
computer-based information. Many paper-based draw-
ings could be reused, if that information were accessible
to the system. Providing this information both to docu-
mentation and CAD systems would guarantee consistency
between the data used for documentation and construc-
tion. Converting drawing information on paper into a com-
puter readable form can be achieved already by commercial
vectorization systems. The resulting graphical primitives
(polylines, circular arcs and circles, etc.), however, are not
satisfying and additional postprocessing is necessary when
knowledge-based interpretation should run successfully.

2 Vector data postprocessing

Recognition of graphical primitives by the underlying com-
mercial system is not sufficiently robust. These inadequate
results lead to problems during further knowledge-based
interpretation. Therefore, postprocessing aims to improve
the recognition results relating to graphical primitives, to
recognize composite graphical primitives and to prepare
the vector data for further drawing interpretation (See Fig.
1 for a summary of the tasks). The steps of section 2.1 up
to section 2.4 are described in more detail in [Glo92].
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Figure 1: Steps of postprocessing.

2.1 Detection of simple geometrical relations
between lines

Some features of the line structures are needed for further
drawing interpretation, e.g. branch points, vertices and
closed contours. Branch points are important features of a
drawing because they show certain relations between draw-
ing elements. The problem of branch point detection can
be reduced to the problem of determining the intersection
point of two lines. Detection of vertices, as points of high
curvature, and a corresponding decomposition of polylines
is carried out. A chord is drawn between two points of a
given polyline. The idea of the proposed method is to com-
pare the orientation of all chords. A vertex occurs at the
point where a local maximal divergence of the orientation
can be detected. As a rule the closed contours in a drawing
are transformed into a different set of lines and filled areas
by the vectorization. Detection of closed contours within
given clumps of different graphical primitives is crucial for:

— exact determination of the geometrical shape of ele-
ments (polygon, circle);

— recognition of actually present contours in a drawing
(especially hatched regions);

— significant reduction in the amount of data.



The search for closed contours is based on the detection
of the neighbourhood of elements. Neighbourhood is deter-
mined by the spatial proximity of element points. A closed
contour can consist of different elements such as straight
lines, arcs and/or filled areas, These clements can have
various shapes and line thickness. For example, a closed
contour for a hatched region can be a combination of thick
straight lines and thin freehand lines.

2.2 Correction of the metrical description

The description of an arrow head position is often metri-
cally inexact, e.g. the tip of an arrow head does not touch
the subsidiary line or the orientation of an arrow is incor-
rect. These lacks have to be corrected.

A small filled area is a noise element which does not be-
long to a drawing but appears as a sequence of binarization
and thinning of a raster image. Usually it is generated at
locations in the raster image with extreme thickenings of
lines (e.g. by intersection with another line) or changes of
homogeneity. The size of a noise area is considered to be
the size of the circumseribing rectangle.

2.3 Correction of the geometrical shape

In some cases, instead of a cirele a set of circular arcs was
detected or no circularity at all could be determined. There
are two approaches for the detection of circles and circular
arcs:

— recognition of a given set of circular arcs as a circle or
a circular arc;

— recognition of a polygon or polyline as a circle or cir-
cular arc [Jan87].

2.4 Detection of graphical primitives

In the current state of postprocessing only the recognition
of arrows is implemented. Arrows not recognized are trans-
formed mostly into filled areas and thin lines. A recog-
nition of arrows during postprocessing is possible if the
shape of the filled area can be approximated by a triangle
or a trapezium and a thin continuation line exists in close
proximity to the wide side of the arrow head. The statis-
tics about the sizes of detected arrows in the vector data
is considered during the postprocessing recognition.

2.5 Recognition of composite graphical prim-
itives
Performing this task includes the recognition of dashed,
dash-dotted lines and hatched regions. Dashed lines are
used to represent symmetrical axes, hidden lines or cut-
planes. Our approach allows the processing of lines with
various geometrical shapes. Moreover, the exact geomet-
rical shape of recognized dashed and dash-dotted lines is
determined. To reduce the computational costs a group of
candidates is selected from the graphical primitives. These
candidates represent the possible constituent elements of
the dashed line. All subsequent steps are limited by the
group of candidates selected. The group is broken down
into appropriate subgroups. Every subgroup - if it has
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more than three candidates - corresponds to a dashed line
or a segment of a dashed line. The process of creating
a subgroup starts with the first element among the can-
didates. A continuation region for an element is defined.
All remaining candidates are checked whether any of them
intersects the continuation region. The additional classifi-
cation of identified "dashed lines” can improve the results
of the recognition process. Hatched regions - representing
cut-planes -~ are used extensively in technical drawings.
The set of n lines (n >» 2) builds a hatch-set if the lines
are parallel and equidistant. If the inner-part of a region is
filled by a hatch-set, the region is called a hatched region.
The hatch-set can be broken by inner holes. Recognition
of hatched regions entails four main problems:

detection of all parallel, equidistant and thin straight
lines;

the detection of all candidates for the hatch-set:
location of the boundary of the hatched region (in-
cluding the boundary of all inner holes);

detection of holes in a hatched region.

3 The architecture of the interpreta-
tion system

The drawing interpretation system is based on a black-
board architecture [Eng88], [Gall88]. In blackboard sys-
tems the inference engine and knowledge base are orga-
nized in terms of specialized processing modules called
knowledge sources. These knowledge sources operate like
"small expert systems”, which are responsible for the
changes in a common working memory called blackboard.
Each knowledge source uses its own methods for drawing
inferences from information on the blackboard and for in-
serting new information into the blackboard.

—— = has-partn — = han-dmensioning
Figure 2: Decomposition hierarchy of generic objects from

the domain of axles.

A change on the blackboard caused by inserting, modi-
fying or deleting an object releases a signal to the knowl-
edge sources called event. Events carry information about
the type of the affected objects and the type of manipu-
lation. Each knowledge source holds activation conditions
that contain a list of events on which they react and a list of
conditions that must be fulfilled by the object that causes
the event. If a new event occurs, each knowledge source











