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Abstract 

As part of a European collaborative research project, which aims at identifYing the advanced 
communications requirements to support concurrent engineering design, an Intelligent Mismatch 
Control System (IMCS) was developed to automatically identity mismatches of geometric nature 
during the integration phase of a distributed collaborative design process. The IMCS is a knowledge
based software module which uses a commercial CAD system (Parasolid), as the core geometric 
modeller, to detect any potential geometric irregularities in the design and suggest a modification 
proposal to modifY them. 
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INTRODUCTION 

The paper reports on a software tool that was developed as part of the EDID (Environment for Distributed 
Integrated Design ) project. EDID (Patin, 1995) aims at creating a software system to permit design groups 
which are physically separated to work as an integrated team. The development team consists of 12 
companies and research organisations: IBM, Alcatel CIT, Onera, SII, Aerospatiale, OST, AQL, and SLX 
from France with BT Labs and Cranfield University from the UK. The project is partially funded by the 
Commission of the European Union (CEU) under the RACE (Research for Advanced Communications in 
Europe) progranune. 

1.1 European Aerospace Design 

For many years the design and manufacture of major European aerospace products has been distributed 
across the continent; Airbus and EF A being typical examples. This contrasts sharply with procedures in 
other regions, particularly the USA, where the design is often kept in one main location even when the 
components are manufactured elsewhere and transported to a main assembly plant. The centralisation 
allows for the relatively easy introduction of concurrent engineer design practices which reduce design 
cycle time. The European design process tends to be sequential and requires centralised planning teams 
and a great deal of travel on the part of the distributed designers. 

The near term introduction of the Integrated Broadband Communications (IBC) systems will allow designers 
to transmit data at very high speeds; in excess of 155 megabits/sec. This opens the way for designers to 
cooperate at a distance and obtain the benefits of cooperation . The CEU felt that the Aerospace Industry 
should be assisted to prepare for the IBC. This is a many sided activity in which the Aerospace Industries 
design practices need to change, the software suppliers need to produce appropriate tools, the network 
suppliers need to provide the appropriate services, etc. The RACE progranune targets this activity and the 
EDID project focused on the Satellite Industry as representative of the Aerospace Industry as a whole. 
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1.2 The need for Automatic Mismatch Control 

Research into using knowledge engineering design is now becoming widely accepted as a fast growing 
subfield o f AI research with increasing numbers of research groups active within it (see the work of 
Akrnan (1990), Ohsuga (1989) and Smithers (1989)) 

In addition to advanced communications requirements, the user group of the EDID project have 
expressed a clearly defined need for a software function to support modification impact analysis 
(MIA). The aim of the MIA software is to detect and resolve any design inconsistencies which may 
occur as a result of a request for a modification in the original design. The scenario envisaged is that 
the collaborating partners will design the components of the satellite concurrently at various 
geographical locations (across Europe), using different CAD/CAE (Computer Aided Design/Computer 
Aided Engineering) systems . The MIA software brings together components of the satellite model 
from different collaborators and checks whether the components of the assembly fit together in a 
consistent way - for example there must be no unwanted interferences or contacts between components, 
and mating components must be correctly aligned. An Intelligent Mismatch Control System (IMCS) 
was designed to identify and rectify such mismatches at the earliest possible stage of the development 
cycle. 

This paper presents the approach adopted and the techniques used for the development of the IMCS in 
the ED ID context. An overview of the system and its functionalities is given in the next section (Section 
2). Section 3 describes the knowledge elicitation process during which a series of interviews, with a 
number of European design engineers, was used to extract the information and design knowledge 
needed for the development of the system. The reasoning mechanisms used and the algorithms 
developed are briefly highlighted in section 4. Section 5 explains how intelligent agents were used to 
activate the system remotely and electronically. Concluding remarks and suggestions for further work 
are to be found in section 6. 

2. INTELLIGENT MISMATCH CONTROL 

While most current CAD/CAE systems offer facilities for detecting interferences and, sometimes, 
misalignments between ideally-sized and ideally-located components, they cannot analyse or predict the 
impact of a modification in size, shape or location. Commercial systems such as CATIA (developed by 
Dassault Systemes) and I-DEAS (developed by SDRC) do provide facilities for digital pre-assembly 
and fit analysis in a part assembly, but their approaches arc more directed towards the analysis of 
tolerances on even very complex assemblies. Such systems often require the use of separate analysis 
models to converge eventually to an optimal design. Other AI-based systems (such as Design++, 
developed by Design Power Inc.) support connectivity between components such that if a given 
component's location is modified all connected components will automatically move accordingly. There 
is however very little information about what impact the move has on the overall design. A good 
summary of previous work in this area can be found in Shalon ct a! (1992). 

The IMCS, presented here, is an Intelligent knowledge-based software module designed to identify 
mismatches of a geometric nature during the integration phase of a distributed satellite design process. 
The software is more directed towards dealing with mismatches that may occur as a result of a design 
modification. In other words, it is assumed that the initial design assembly has already been validated 
and electronic formats of the different CAD components, which make up the satellite model, are 
available. It is often the case though, that after the initial integration is completed and validated one of 
the collaborators emerges with a design modification. In this context, the IMCS is used to examine the 
feasibility and consistency of the proposed change. The system is then able to suggest a modification 
proposal to resolve any detected mismatches. 
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The IMCS is built around a commercial CAD/CAE software namely Parasolid (EDS Unigraphics). 
The system imports the satellite's component models into Parasolid using the French data exchange 
standard SET (Standard d'Echange et de Transfert) and rebuilds the assembly model (of the satellite) 
using the Parasolid engine. Note that the satellite components have been designed using different CAD 
systems which, in this case, are CATIA and CADDS5 (developed by Computervision). For each of the 
satellite components affected by the modification, the IM CS checks for the following: 
• mass properties differing from requirements; 
• volume interference, unwanted contacts and clearance violation; 
• mismatches between interfacing components, e.g. when a pin is too large for its hole or is positioned 

in an incorrect orientation. 

In addition to pulling different CAD models (in their SET formats) into Parasolid, the IMCS required 
the development of a knowledge-based system (KBS). The KBS comprises three elements: (I) the 
knowledge base which contains facts, heuristics and algorithms about the different features of the model 
and the way they are connected to each other as well as a description of mismatch types; (2) an 
inferencing mechanism which controls the reasoning leading to the detection of mismatches; and (3) an 
explanation facility to explain the nature of the mismatch and how it can be resolved. An outline 
architecture of the system is shown in figure I below. 

PARASOUD Kernel Interface 
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Figure 1 An outline architecture of the IMCS system. 

3. DEFINING THE PROBLEM 

Regenerating the mbly 

A series of focussed interviews with design engineers, from Aerospatiale (Cannes, south of France) and 
the college of Aeronautics at Cranfield University (England), were organised to capture the knowlegde 
and expertise needed for the development of the IMCS. During these interviews, emphasis was on the 
following aspects of the task: 
•what is the current method of working in a collaborative distributed design process and in what 
format the designed components are delivered to the integration centre ? 

•how is the process of mismatch detection carried out? What sort of knowledge is used to detect the 
mismatch and correct it'l 

•are there any specific mismatch cases that cause more problems than others? 

3. 1 The lCD Server 
The answer to the first question is important to understand the context and the format in which 
components are given to the IMCS for mismatch checking. The concept of ICD, Interface Control 
Document, is used as a means for managing satellite components. The paper-based lCD contains all the 
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technical data and contractual documents produced during the satellite design project. An electronic 
format of the lCD was recently developed according to Aerospatiale's specifications in the form of a 
processor based upon a database software. One of the electronic !CO's functionalities is the ability to 
store, retrieve and interactively manipulate 3D CAD models. These models can then be transferred, in 
neutral format (currently SET), between the different sites involved in the design project. 

The above way of working plays a central role in dictating the scenario to adopt for mismatch control. 
In fact, it has then become clear that the Mismatch Control Module needs to be able to process CAD 
data in neutral format, (SET for the purpose of the EDID project). On the other hand, there should be 
no restriction on the modelling technique used for designing each of the CAD models. The satellite 
components can be modelled using a feature-based design technique, they can be represented in a 
Constructive Solid Geometry (CSG) scheme or a Boundary Representation or any other solid modelling 
representation scheme, they could have been designed using CATIA, CADDS5 or any other CAD 
system. The message which came accross during the investigation of this particular aspect of the task is 
that this "modelling freedom" should not be affected by the new system. 

3. 2 Modification Impact Analysis 
One important feature which came out during the knowledge elicitation process is that concern is more 
about detecting potential mismatches which may arise as a result of a design modification, rather than 
during the first integration. In other words, there is a need for an automatic mismatch detection system 
to be launched following a request for a design modification in an already completed (hence validated) 
satellite model. The modification can be a change in the mass property or any other geometric 
modelling modification. The system should be able to examine the feasibility and consistency of the 
proposed modification by checking if it leads to a problem. 

3.3 The use of Heuristics in Mismatch Detection 
The major hurdle in the knowledge elicitation phase was the judgmental character of the process of 
detecting irregularities in the design. The difficulty stems from the fact that the knowledge used is not 
based on a step by step series of actions to follow. It is an embodiement of rules of thumb, underlying 
ideas, concepts and theories which design engineers have grown familiar with to the extent that they 
cannot always explain the path of reasoning which led them to detect a given mismatch. One engineer 
from Aerospatiale, when asked about whether they follow a set procedure to identify a particular 
mismatch, he replied by saying: "Generally. we do it by simply looking at the drawings of the models 
infront of'usl" Evidently, representing this sort of statements in a computerised form is not an obvious 
task. Therefore, the question was approached from a different angle by focussing on the types of 
mismatches that are causing problems. 

3.4 Mismatch Types: A Broad Classification 
The assumption can be made that the effectiveness of any mismatch control strategy depends greatly on 
how well defined the mismatches are. During the knowledge elicitation phase and after several 
interviews with the design engineers of the project's user group , several mismatch types have been 
identified as being the ones causing serious difficulties following a request for a modification in a 
distributed design. These mismatches have been classified into three main categories as follows. 

Inconsistencies in mass properties: 
This type of mismatch includes discrepancies in mass and other related properties of geometric entities 
such as edges, faces, wire bodies, sheet bodies, solid bodies or assemblies. As a result of a design 
modification an inconsistency may occur in any one of the following: 

• size of periphery of entity (Circumference I Surface Area) 
• size of entity (Length/ Area/Surface Areal Volume) 
• mass 
• centre of gravity 
• inertia tensor at the centre of gravity 
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Interference/Proximity Mismatch: 
Due to the project's time scale this class of mismatch types does not consider the case of dynamic (i.e. 
mobile) parts. It is assumed that all components are motion-free. Bearing this assumption in mind, the 
following cases of interference/proximity have been identified: 

o volume interference amongst stationary parts 
o unwanted contacts 
o clearance violations 

Impossible Connections Amongst Interacting Components: 
Three types of connections have been identified within this category: Pin; adhesive and fit connections. 
For pin connections the important feature are the holes for the pins and screws. These need to be 
checked for orientation, position and radius size. Typical examples of pin connections include the plate 
joint (figure2) and the pin joint (figure3). 
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Figure 2 Plate Joint. 
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For adhesive (including weld) connections the topology and dimensions of corresponding parts must be 
compatible in order for adhesion to take place. This will give some indication of how the parts are to be 
assembled. Figure 4 illustrates examples of adhesive or weld connections. 
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Figure 4 Adhesive and weld joints Figure 5 Examples of fit connections 

In a fit connection the topology and dimensions of corresponding parts must again be compatible for 
parts which are to fit together. Examples of a fit connection are shown in figure 5 (snap fit, screw fit 
and mated fit (dovetail)). 

According to Aerospatiale's engineers, pin connections seem to be widely viewed as one of the major 
sources of concern in mismatch detection. The number of holes and their corresponding screws and pins 
can be so high that it becomes very difficult to identifY all the irregularities by "simply looking at the 
drawings!". This type of connections has therefore been selected for implementation in the Mismatch 
Control Software as a representative of this class of mismatch types. 
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4 REASONING ABOUT MISMATCHES 

The reasoning mechanism used for the detection and/or resolution of any mismatch is greatly dependent 
on the class to which the mismatch belongs. In the case of a mass modification, the geometric models of 
all the parts that fonn the complete assembly are collected. The modified part is identified and its mass 
is compared to the mass of the original part to ensure that the difference is not outside the allowable 
limits. For this purpose, the mass properties information is made available to the IMCS reasoner by a 
series of calls to the Parasolid's kernel interface routines. As for interference mismatches and cases of 
impossible connections amongst interacting components, new algorithms and heuristics have been 
developed and added to the knowledge-based system of the IMCS. A fairly high level description of 
these algorithms and heuristics is given below. 

4.1 Interference/Proximity Checking 
In order to check for any volume interference, contact or distance mismatch a static interference 
checking algorithm (SIC) has been used. The SIC algorithm is based on an earlier work by Bechkoum 
( 1990). Instead of using the computationally expensive boolean operator provided by Parasolid, SIC 
uses an octree decomposition technique to avoid the unnecessary burden of required computations for 
finding intersection volumes. A boolean function is used which merely checks if, at any level of the 
octree decomposition process, an octant is occupied by both objects. In addition to being 
computationally less demanding, in terms of CPU requirements, the octrees alternative offers an 
additional bonus by providing information about how close the objects are from one another when they 
do not interfere. In other words, executing the algorithm once suffices to check for any volume 
interference, unwanted contacts and incorrect distances. 

Octrees are a well known case of the cellular subdivision representation whereby a 3D object is 
represented by the list of the cells it occupies. The representation is obtained by recursively subdividing 
a cubic space enclosing the object into eight octants. Each octant may be subject to further subdivisions 
depending on whether it is full, empty or partiaL An octant is full if it lies entirely inside the object and 
is empty if it lies entirely outside and will be partial in the remaining cases where it contains part of the 
object boundary. Further subdivisions are only carried out upon partial octants, until all cells are 
empty or fulL or a specified degree of resolution is reached. The result of the subdivision process is 
represented by a tree whose nodes are either leaves or have eight children, as shown in figure 6. 

The general scheme of SIC the algorithm can be summarised as follows. Given two solid components A 
and B at their fixed positions, the first step is to determine the initial cubical cell (the root node of the 
subdivision) which contains both A and B. Using the boxing operation provided by Parasolid, this 
cubical cell can be easily obtained by enclosing A and B with the same block, whose maxima and 
minima are utilised to define the initial octant. To avoid unnecessary octant subdivisions, an initial test 
is carried out first to check for interference between the two smaller blocks enclosing each of the solid 
components. If these two blocks interfere, the block of interference is readily obtained. Henceforth, this 
block of interference will be referred to as the Common Zone (CZ). The root node of the octree is then 
defined as the smallest cube containing CZ. Therefore, many parts from both A and B may not be 
contained by the initial cubical cell thus defined. That is simply because they happen to be outside the 
potential area of interference which is delimited by CZ. 

Once the initial cubical cell is defined, the next step is to decompose it into octants and check if there 
exists an octant which is shared by both objects. Such an octant would exist in one of the following 
cases: 
• there exists at least one octant marked ?«<t with respect to two different components 
• there exists at least one octant marked ?«<t with respect to component A and '7'a<li.at with 

respect to component B, or vice-versa. 
• there exists at least one octant marked ?«<t with respect to component A, adjacent to another 
octant marked ?«<t with respect to component B. 
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If none of these three cases occurs, a further subdivision might be necessary to decide about the 
existence of a volume interference. This would be necessary if and only if, at the current level of 
decomposition: 
• there exists at least one octant marked 'P4'that with respect to the two components 

Now, if the latter condition is also not satisfied, there is no volume interference amongst the 
components being processed and the process of decomposition is terminated. The length of the edge of 
octants at the lowest level of resolution reached is then used to define the minimum distance separating 
both components. 
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Figure 6 [a]Example of a 30 object, 
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Figure 7 Examples of interference cases 
successfully reported by the SIC algorithm 

Although no formal evaluation has been carried out yet, the implementation of the SIC algorithm within 
the IMCS is quite promising. Examples of the cases used to carry out the initial tests are shown in 
figure?. These examples illustrate some of the extreme cases when the octree subdivision process has to 
reach the lowest level of resolution before a conclusion can be made. The algorithm requires fewer 
levels of subdivision when the objects share a considerable volume of space. The bigger the common 
volume is the less subdivision levels are required, to the exception of the special case when the objects 
are far apart from one another. In the latter case no subdivisions are required to conclude that the 
objects do not interfere. 

4.2 Checking for Impossible Connections Amongst Interacting Components 
As mentioned earlier(§ section 3), by far the most common type of connection used by Aerospatiale is 
the plate joint. Hence the current version of the IMCS focusses more specifically on these types of 
connections. 

First, the holes are identified for each of the parts. To locate a hole the software initially identifies any 
internal curved surfaces. If the edges of the curved surfaces are either circular or elliptical loops, then a 
hole is identified. All the relevant information concerning the hole such as size, position and orientation 
are extracted (using Parasolid kernel interface routines) and stored. Once all the holes have been 
identified, for all the different parts, the process of hole matching begins. Holes belonging to different 
parts arc matched up to form potential connections. 

The holes are matched based on mutual proximity, and then on other properties such as size and 
orientation. Mutual proximity is illustrated in figure 8. From this figure it can be seen that the nearest 
hole to hole I is hole 2. However, from observing hole 2 its nearest neighbour is found to be hole 3 and 
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not hole I. From investigating hole 3, it is found that its nearest neighbour is hole 2, and hence hole 3 
and hole 2 are connecting holes since they are closest to each other. 

Figure 8 Mutual Proximity. Figure 9 Agents activation of the IMCS. 

The process of hole mismatch detection is then started. The properties of the matching holes are 
compared with each other. If any of the properties are not compatible then a potential mismatch is 
detected and stored. For example, a pair of holes that are matched must have the same orientation, their 
radii and positions should be suitable for one another in order to form a connection. 

5 A MUL TIAGENT APPROACH TO ACTIVATE THE IMCS 

In order to support an electronic mockup of a distributed satellite design, a multiagent approach has 
been used to assist the collaborating partners in their design negotiation process. These agents can be 
thought of as interdependent software modules that coordinate their activities to achieve their goals; 
they act cooperatively so as to accomplish more as a group than individually. When pursuing 
conflicting goals, they compete intelligently. In a multiagent system, such as this one, an agent has to 
manage all its tasks using the resources available to it. The resources of an agent might themselves be 
"intelligent" as they can be provided by other agents (e.g. by accepting commands or requests, or by 
giving permissions). Such multiagent approaches are increasingly applied to solve engineering problems 
(Bond, 1989). 

Three types of agents have been defined and implemented. The pilot agent plays an important role in 
monitoring the navigation between the different steps of the negotiation process. To do this it 
communicates with the partner agents by providing them with all the necessary information for 
conducting the negotiation. A partner agent represent a given function in the EDID context. An 
example of a partner agent is the one interfaced to the IMCS which is called the mismatch agent. The 
third type of agents used is the visualisation agent, which is in charge of the interface between the 
collaborating partners and the negotiation process (Potin, 1995). 

Two agents are involved in the activation and termination of the IMCS. The pilot agent, residing at 
ONERA-Paris, communicates with the mismatch agent, residing at Cranfield University. Agents 
communicate with one another via MERING IV which is an actor language for implementing 
Distributed Artificial Intelligence systems (see Carle, 1992).The following steps have been 
implemented: 
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• pilot agent advises mismatch agent to get ready for file transfer 
• pilot agent sends file numbers. file names and data files to mismatch agent 
• mismatch agent invokes the IMCS using as input the data received from pilot agent 
• mtsmatch agent sends the results file (mismatch.txt) to Pilot-agent who will release it to whom it 
may concem. 
Figure 9 illustrates the concept of agents' activation of the system. The detected mismatches then be 
visualised by showing the whole satellite model with a circle around the area of mismatch (Figure I 0). 
The user can zoom in for a closer look at the problem (Figure II). 

PARASOLID 
Figure 10 Mismatch Visualisation (display of the whole model). 

6 CONCLUDING REMARKS 

A prototype Knowledge-based system, IMCS, has been developed to assess the impact of design 
decisions on the overall consistency of CAD models that have been designed in a concurrent 
engineering fashion. The required software development is complete and initial tests have shown that 
the system is operating satisfactorily. The system was recently demonstrated across a European 
broadband telecommunications network, linking four sites: Aerospatiale (Cannes), Onera (Paris), BT 
labs-Ipswich and Cranfield University. During the demonstration, a video conference was activated 
which allowed designers located at the four sites, to discuss the impact of a design modification that 
was proposed by one of the partners involved in the distributed design process. The IMCS was then 
invoked, remotely from Paris, to check if the modification leads to a problem. The demonstration was 
attended by a wide cross-section of potential users from the European aerospace industry. Initial 
feedbacks suggest that the IMCS facility was well received as a useful tool that will have an important 
contribution to the success of distributed design using advanced communication systems. 
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Having said that, the current implementation is not free from defects. During the evaluation process, 
users from Aerospatiale-Cannes and Cranfield University, have expressed the following concerns: 
• the number and types of mismatches handled by the system is limited. 
• the system detects mismatches but rarely suggests a way to resolve them. 
• the User Interface lacks consistency, with a high number of windows having different formats. 

Whereas the third limitation is mainly dictated by the time scale, resources and technical constraints of 
the EDID project, the first two limitations stem from the centralisation of knowledge into a single unit: 
the knowledge base system. The centralisation of knowledge and expertise into one computational unit 
makes the process of mismatch control a very complex one, thus affecting the efficiency of the system. 
One possible way of overcoming this drawback is to use a multiagent approach, whereby knowledge 
about every design component (or CAD model) is encapsulated into an independent intelligent entity: 
the design agent. A framework is then needed to enable cooperating design agents to detect the 
mismatch and decide how to resolve it. 
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Figure 11 Mismatch Visualisation (zoom in for a closer look). 

More work is needed also on the knowledge elicitation front to improve the user interface and refine the 
knowledge required for explaining the nature of the mismatch and suggesting a way to resolve it. As far 
as the user interface is concerned, the difficulty stems from the use of Parasolid as the main geometric 
modeller. Parasolid is well suited for the application as a geometric engine but is not designed for man
machine interaction. One way of overcoming this limitation is by using EDS-Unigraphics for the 
interactive manipulation of CAD models. 

Another problem that is worth noting emanates from the use of the SET translator for CAD data 
transfer. Various problems were encountered whilst attempting to produce an operational version of the 
IMCS during the time frame of the EDID project. A typical example is the difficulties in importing 
solid models into Parasolid. Only surface information could be extracted which meant that extra efforts 
were needed to build the solid models of the satellite application. It is hoped that the ISO international 
standard STEP would provide a better alternative. 
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