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Abstract: A multi-agent Process Planning system for prismatic parts is proposed. This system consists of different basic agents and a 
negotiation protocol between the agents is described. The individual agents have the ability to communicate with other agents and make 
different decisions. 
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1. Introduction 
The increase in industrial production is based strongly on the 

huge developments in the fields of science, education and 
organization. The latest developments of computer science, assists 
in particular this development. The manufacturing sector is 
considered an important field to the industry. Its products help 
manufacturers to achieve more control with less labor and more 
output with less cost. Current technology and especially Artificial 
Intelligence effectively increase productivity and reduce the cost of 
operations, which is the key to commercial success. One of the 
main representatives of information technology in the industrial 
applications are the agents. They provide an efficient way to design 
and implement engineering environments and the agents’ 
technology is recognized as a new approach for the 
CAD/CAPP/CAM systems.  

Agents [1,2] have enhanced intelligent design and 
manufacturing technologies at the aforementioned systems and have 
been applied in various manufacturing stages. Software, which is an 
important part of the technology used, it has become indispensable 
since accelerates and automates many complicated processes. 
However, there are only some features that are not supported 
sufficiently, but the possibilities made available by modern 
technology is not used their full potential [3]. 

Aim of this paper is to examine the application of the 
possibilities offered by modern technology, for better supporting the 
aforementioned operations. In more detail, it is attempted to 
improve the software used for product manufacturing, by 
developing a multi-agent system. Its main function is advisory, in 
order to avoid limiting the options a manufacturer has.  

The agents, functioning autonomously, observe the design and 
offer advice and information about process planning of the 
examined workpiece.  

2. Architecture of the proposed system 
The proposed system is consisted of 3 main agents, each one of 

them operating a different task (Fig. 1): 

• Feature recognition agent [4]: recognises all the features 
of the examined workpiece 

• Machinability criteria agent: using eligible machinability 
criteria, as well as the factory facilities database, a restructuring and 
a classification of the extracted features is conducted 

• Set Up agent: the sequence of the appropriate machining 
processes is detected, attempting to calculate a minimum number of 
set-ups. 

A negotiation protocol [5,6,7] is needed, in order to: 

• Solve the appearing process planning problems and 

• Coordinate the decisions of the individual agents 

 

 
Fig. 1 Architecture of the proposed system 

3. Feature recognition agent  
The Feature recognition agent has 3 main tasks: 

• the determination of the workpiece entry faces 

• the extraction of the external features 

• further volume reduction, and the extraction of the 
internal features 

 

3.1 Determination of the workpiece entry faces 

The entry faces are required in process planning procedures, 
due to the fact, that these are mainly the surfaces through which the 
cutting tool enters into the material volume that has to be removed.  

In the developed procedure for the feature recognition, the 
determination of the entry faces is based on a Boolean subtraction 
operation, between the initially defined raw material volume 
surfaces and the corresponding ones of the part volume, as 
demonstrated in Fig. 2. The formation of the entry faces (EF) is 
determined for each of the six basic surfaces (front, behind, top, 
bottom, left, right) separately. The edges of the EF which exist in a 
specific surface are all mixed up without logical relations between 
them, so a restoration of the continuity of the edges as well as  the 
formation of closed contour  is necessary. The closed contours are 
stored in six files, each one foreseen for a basic surface of the part. 
If any of the EF is the beginning of an “island” or a “pocket”, then 
this is recorded in the first line of that surface with a corresponding 
message (distinguishing them from “step” and “slots”), considered 
in the following calculations. 
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Fig.2  Determination of entrance faces  
 

Finally the total entry faces file is created, which is the 
integration of the 6 previous mentioned files. 

3.2  Extraction of the features 

After the determination of the entry faces, through further 
processing, “islands” and “pockets” as well as “steps” and “slots” 
are extracted. 

The results are stored in the final report file, which essentially 
describes the volumes of the initial raw material that are to be 
removed. The basic principles considered to extract typical features, 
are described in the following paragraphs. They are simple enough 
in order to create an efficient and flexible programming code. 

3.2.1 Extraction of island and pockets 

The extraction of island and pockets, is determined first because 
there are already some information about them.  

Hereby EF whith no intersection to any other EF are considered. 
The surfaces listed in the corresponding file compose the Top 
surfaces  of the feature. Their Side surfaces are also required to be 
determined.  

To specify a Base surface the following tasks have to be 
completed: collection of all  the edges of Side surfaces considering 
that some of them, as those at the “top”, belong also to an Open 
surface and further ones like those at the “bottom”, to a Base 
surface. The deletion of all the edges that also belongs to Open 
surface and the deletion of the edges that are existing twice. 

Finally the formation of a closed contour from all the remaining 
ones is derived. In the case that a surface contains a previous 
determined closed contour, then the surface external boundary is 
registered as Base surface of the feature. 

Fig. 3  Recognition of the end of a sequence of features 
 

If an examined feature can be considered composed of more 
than one segments of a feature type sequence, the type of the 
adjacent feature must be determined. For this purpose the whole 
workspace has to be divided into 2 subspaces based on the Base 
surface of the last defined feature, for example the hatched area in 

Fig. 3. An algorithm considering the sign of an auxiliary line, 
specifies if the consequent features are of the same or different type. 
For example in Fig. 4(left) there are two contiguous islands while in 
Fig. 4(right) there is a hole inside the island. 

3.2.2  Extraction of steps and slots 

This paragraph deals with EF that have at least a common 
boundary with another EF (at the external boundaries of the 
surfaces). The procedure is accomplished by a developed algorithm, 
described briefly in the following. 

First an analytical process of the Entry-faces file is conducted 
so that all adjacent EF are found and for each EF a group of all 
adjacent EF is created. For each group a set of rules (defining the 
relation between a group of EF so that this group consists a feature) 
are adapted and the features are detected. For example (Fig. 4) if 
two surfaces (1,2) are adjacent exclusively with a third (3) that has 
boundaries only with the aforementioned, then this is the case of a 
through slot (3 EF). For each detected feature all of his composed 
surfaces (Base, Side), in order to form features with surfaces that 
create closed volumes, are defined. For example when a “through 
slot” feature is detected then the two Side surfaces are those that 
have common boundary with the central EF. Furthermore the one 
Base surface is the surface that has common boundary with the 
adjoining EF and hasn’t with the central EF, (surface 6 in the 
example shown in Fig. 4).  

The previous rules were defined, having in mind that Base are 
the surfaces that during the mechanical processing of the part, are 
vertical to the rotational axis of the cutting tool and Side are the 
surfaces that during the mechanical processing of the part, are 
parallel to the rotational axis of the cutting tool.  

In the case that it is possible an alternative setting of the cutting 
tool, so that the same surface can be characterized either as a Base 
or a Side, the surface will be defined as Base.  

Finally the results (the detected features with all their 
geometrical information) are stored into a new file. 

 

 

Fig. 4  Recognition of a Through slot 
 

3.3 Volume reduction 

 The above described algorithm is conducted for all geometric 
entities, the boundary surfaces of which contact at least one surface 
of the initial volume. In the case that a feature has surfaces that do 
not contact none of the initial raw material volume surfaces, it will 
not be detected (for example the blind hole in Fig. 5). 

Moreover in order to find out all the internal part features, a 
reduction of the initial raw material volume is conducted. Herewith 
all the internal features can be revealed. A new “initial” volume is 
created and the whole procedure is repeated with successive 
reductions, in order to recognize all other features. 

Therefore it is crucial to determine the “appropriate” (more 
efficient) reduction direction and for this purpose some of the 
Basesur or Sidesur of the already detected features, are used.  

Two cases are examined. When the reduction has to be achieved 
after the detection of an island, it can be accomplished directly, 
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calculating the reduction value in all the principal directions and 
selecting the minimum one.  

 

 
 

Fig. 5  Non recognizable blind hole, without volume reduction 
 

When the reduction has to be achieved after the detection of a 
step the following procedure is developed. First the determination 
of all the possible reductions is attained, finding all Side surfaces 
and Base surfaces belonging to steps that are parallel to one of the 
initial raw material volume surfaces.  

Having this in mind, surfaces not parallel to any of the six basic 
directions (top, bottom, left, right, front and behind) and surfaces 
not planar, are rejected (Fig. 6).  

All the possible reductions are written to a new file with the 
following data: reduction direction, reduction value and the first 
record of the feature in which the reduction begins. 

Afterwards the selection of the most efficient reduction 
direction is determined, using criteria as the most frequent direction 
in the corresponding file or the minimum reduction value in a 
specific direction. 

The above mentioned criteria (algorithm) create a new volume 
with smaller dimensions in some directions. The other dimensions 
are taken off the initial volume and a new initial volume is created. 
This improved volume has in its external boundaries new features 
that has to be detected. 

 

Fig. 6  Selected surfaces for volume reduction 
 

The selected reduction direction is deleted and after the 
extraction of new features the whole process repeated until all the 
reductions are accomplished and all features are extracted. 

4. Machinability criteria agent 
The feature recognition procedure leads up to results with two 

weak points, considering process planning purposes. Each feature is 
associated to many entry surfaces, thus no decision for possible set-

ups can be derived and the recognised features are in random order, 
since no manufacturing criteria have been taken into account.  

To overcome these problems the following procedure has been 
developed . 

Using eligible machinability criteria, stored in a corresponding 
data file, as well as the factory facilities database, a restructuring 
and a classification of the extracted features is conducted.  

These criteria have a certain hierarchy and their application 
affects in two ways the previous mentioned file. The sequence of 
the features is modified (because they were in a random order) and 
a deletion of those entry faces that are not eligible considering these 
criteria, is fulfilled. Hereby machinability criteria are applied, as for 
example the following: 

- Selection of the machining surface of the workpiece according 
to the number of features. 

The workpiece (orthogonal) raw material volume has 6 sides. 
The side with the maximum number of features is considered 
initially as the machining surface. For example in Fig. 7, the top 
side (direction 1) of the workpiece is selected, due to the fact that 
this side contains the maximum number of features. 

 

Fig. 7  Selection of the side with maximum number of features 
 

- Intersection of holes. 

If two intersected holes are existing, that one with the greater 
diameter is selected, to be machined first. This sequence of cutting 
procedures minimises the impact loads and the possible risk of 
breaking the drilling tool. 

- Holes with changeable diameters. 

In the case of a hole with changeable diameter along its axis, the 
feature recognition procedure defines each hole with different 
diameter as a separate feature. Thus it is necessary to unify these 
features into a continuous hole. For example the recognised features 
1 through 6 in the workpiece illustrated in Fig. 8a compose one 
hole. 

Additionally to this criterion, in the case of a through hole, 
consisting of successive cylindrical entities with decreasing 
diameters, if the diameter starts increasing again, a new feature 
(through hole) is defined (Fig. 8b). 
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Fig. 8  Holes with changeable diameters 
 

- Maximum length of holes. 

This criterion is related to the maximum length of a hole that 
can be machined. For this reason if the length of a hole is bigger 
than a maximum value, a through hole has to be divided into two 
parts, and two set-ups are required. In the case of a blind hole, a 
specific process is needed (deep drilling).  

- Avoidance of a feature’s curvature formation. 

According to this criterion the entry faces of a feature leading to 
the formation of unexpected curvatures are detected and rejected. 
For example in the workpiece case shown in Fig. 9 if the cutting 
tool uses as entry faces the vertical faces, a curvature as the 
indicated in Fig. 9 will be formed. For this reason the horizontal 
faces are rejected and the vertical face is selected as an appropriate 
entry face of the cutting tool. 

 
Fig. 9 Avoidance of a feature’s curvature formation  

5. Set Up agent 
Apart from the above-mentioned machinability criteria, the 

factory facilities database regarding the available machine tools, the 
cutting tools and the obtainable accuracy, are further data which 
have to be considered.  

 

Moreover the minimisation of the tool path length is also an 
important criterion. This is accomplished according to the following 
procedures. For each feature an indicative point is determined (for 
example the centre of a hole). Starting from another specified point, 
as for example the corner of each side of the raw material of the 
workpiece, all the connecting distances are calculated and the 
shortest path is selected.  

Using all mentioned criteria, the classification of features in a 
manufacturing order is carried out. The sequence of the appropriate 
machining processes is detected, attempting to calculate a minimum 
number of set-ups. The process plan of the workpiece is derived 
considering furthermore the feature normal vector directions.  

Hereby each of the classified features in the reorganised 
“Feature” file is checked regarding its entry surface normal vector 
directions and all features are grouped accordingly. The occurring 
groups are sorted with respect to the number of the included 
features. The group with the temporary maximum number of 
features determines the direction for the first set-up. Finally a 
process plan including all the set-ups, and for each set-up all the 
required machining processes is derived. The whole algorithm has 
modular structure, enabling an efficient inserting, deleting or editing 
of the applied criteria. The fixture of the workpiece is also 
examined, whether it satisfies some criteria, as for example a 
minimum value of each side area, otherwise the sequence of the 
machining processes is modified.  

6. Conclusion 
A multi-agent Process Planning system for prismatic parts is 

proposed. This system consists of different basic agents and a 
negotiation protocol between the agents is described. The individual 
agents have the ability to communicate with other agents and make 
different decisions 
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