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Abstract

Engineering can be described as the main information and innovation source of a company. For an effective Engineering it is necessary to know well, to monitor, and to control all its running activities. But the current situation in Engineering is better described as chaotic, although it is acknowledged that this is due to its unique creative character, which assures competitiveness. Therefore a company needs a dynamic project and process navigation support for every user, which allows to model, to run, to react dynamically, and to evaluate tasks in order to process these within given requirement, time, and cost frames.

introduction

Processes that form the Engineering are marketing, product development, production process planning, prototyping, and testing. Engineering processes are usually very dynamic, because creativity doesn’t follow strictly a given way. Product development is also a complex set of processes in which some activities run serially, some run in parallel. As a further complication, process participants are distributed over different locations (e.g. [Lindemann, Birkhofer, 1998]).

Engineers have to use different technologies and tools within these processes, e.g. CAx systems, EDM/PDM systems, Virtual Reality, Digital Mock-Up (DMU), Internet applications, and office software applications. Often it is not easy to find the right documents, data, or information at the right time. It is therefore difficult to finish the daily work within given time frames and in a good and appropriate quality. Furthermore, customers often (if not to say: always) change their requirements during a running product development process. As a sum of all these aspects, it is difficult to control the schedules, resources, and costs of a project.

Companies can only remain competitive if they improve their ability to innovate, develop products in shorter time and at lower costs, to increase quality, to reduce order-processing time, to react in a flexible way, and to avoid bottlenecks. Thus, a company needs a flexible and dynamic project management and process management to master its Engineering processes. Such a kind of management approach navigates every user successfully through a project or a process.

Definitions

For a common understanding, frequently used terms in this paper are defined as follows (see also figure 1) [Vajna, Freisleben, Schabacker, 2001]:

· A process is a set of activities or sub-processes to solve a task. A sub-process is a subset of a process and is also a set of activities or other sub-processes.

· A process element describes an activity (respectively one or several working steps). It is started by one or several events and ends in one or several events. Their description is based on a defined structure so that they are suitable also for the application in a computer-aided system.

· A working step is the smallest subset of an activity in product development.

· A project initiates one or more processes. It defines the boundary conditions of a process like e.g. time, dates, budget limitations, resources, etc.

· A method is an organised collection of rules, which allows a methodical fulfilment of one or several aims of a process. Rules are of immaterial nature.

· A tool is a resource, which supports the achievement of one or several aims of a sub-process.
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Figure 1:
Relations between process, sub-process, process element

Requirements

The reasons of creating a new product (either a physical object or an immaterial service) are orders, customer requests, general market needs, or spontaneous innovative ideas. It is well known that the most important characteristics of the product are specified already in the early phases of Engineering. All necessary activities from the first idea to the start of production are performed within the Engineering processes. A systematical and methodical support of these activities can dramatically increase the productivity of the company. But which requirements such a supporting system has to fulfil?

· The transparency of Engineering processes within every project should be improved, especially if several projects run in parallel. If everybody knows which activities follow or come before themselves, one can come to better decisions or one can ask the right person for possible influences. 

· The response time for customer requests has to be reduced (thus increasing flexibility), because it is well known that customers often change their requirements during a running project.

· This supporting system should respond to these “running targets” in appropriately changing dates, milestones, and resources and their allocation in real-time.

· Problems and possible bottlenecks must be identified be​fore they occur. A simulation of process variants before the start of a real project could use resources more effectively.

· An optimisation of processes to different priorities, e.g. time, cost, or maximum application of a special tool, should be possible.

· With a better project co-ordination the system has to reduce throughput time, „time to market“, and „time to money“.

· After a successful run of a project it should be possible to store details for an efficient re-use of the process knowledge for the next similar project.

· Every user should be navigated through a project or process. The system has to support the daily work of the user.

This is only a small number of requirements on an upper level, but these are the most important issues, which a flexible and dynamic project management and process management system has to fulfil.

Navigating with the "PILOT Improver"

A powerful solution for the described problems in Engineering is a knowledge-based system for dynamic management and optimisation of processes, which is called "PILOT Improver" ("PILOT in the sense of its broad navigation capabilities, NOT in  the sense of a provisional solution!). It is being implemented using standard software tools. 

This system allows to optimise existing Engineering processes, to navigate users along a project or a product development process, to respond dynamically to disturbances along the product's development (e.g. when a customer changes product requirements during order processing or a resource fails), to monitor processes and their improvement, and to evaluate benefits of the working technique applied or the tools used.

The PILOT Improver maps actual processes on pre-defined process elements. About 50 process elements were designed to cover all activities from the first idea or the identification of needs (either of a customer or of the market) until the start of production [Vajna, Freisleben, 2000]. The system offers executable processes immediately and creates a holistic view of a complex procedure. It gives an overview about the whole project. Every person can get information about preliminary or following activities. Everybody can view the actual status of a project. The PILOT Improver reacts dynamically to problems and bottlenecks. The responsible person can take measures in real-time to eliminate these problems.

Another main goal of the system is the provision of proven working steps (either in a sequence or in parallel), documents, working techniques, methods, and tools context-sensitively. The PILOT Improver assures that a user doesn't "forget" any of the necessary activities when developing the product. It documents all executed processes with all means and tools applied completely. The PILOT Improver supports distributed and network-based development. Thus, product development processes are supported that are distributed at different locations.

Using an intelligent simulation approach, the PILOT Improver optimises processes and creates alternatives of process element combinations, of useable resources for a process element, of possible methods and tools for a process element, etc. 

The PILOT Improver evaluates the processes with regard to cost and benefit aspects. An evaluation can be executed time-forward (prospective) and time-backward (retrospective). It is e.g. possible to evaluate the benefit of the usage of a new technology or a new software tool in general or within a specific process.

The PILOT Improver is based on four different modules (see figure 2).

· The PILOT Manager is the integrating user interface that co-ordinates all actions of the PILOT Improver modules.

· The user acquires and models processes with the PILOT Analyser using pre-defined process elements.

· The PILOT Designer optimises the acquired processes and generates improved alternatives.

· The PILOT Reviewer provides information about an expected return on investment, estimates the related risks, and provides an overview of potential benefits [Vajna, Schabacker, 1998].

By applying this process management software the acquired processes knowledge can be visualised, controlled, and monitored. Every required program can be linked with a current activity and the user can also start it every time.
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Figure 2:
PILOT Improver modules and environment

Modelling of Engineering Processes

In order to model Engineering processes it is necessary to analyze the as-is-situation and interview the persons concerned. To simplify and support this modeling the PILOT Analyser uses process elements. 

The first step to define process elements was to take into account the approach of Lillian M. Gilbreth and Frank B. Gilbreth (quoted after [Ferguson, 2000]) to divide Engi​nee​ring into single activities, which exist at the lowest level of any process. From the basic philosophy these elements strictly follow the "Therbligs" approach of the Gilbreth couple, although process elements exist within Engineering and not within manufacturing (where the Therbligs are aimed for). They support the philosophy of the "One Best Way", but they don't follow the (rather philantropical) approach being described as "Time Out For Happiness". Because it seems that the biggest share of creative activities and opportunities occurs within product development, it can be assumed without doubt that the work satisfaction of people in these areas is high and it doesn't need an explicit emphasis.

Based on research by investigating current Engineering process descriptions and methodologies [Pahl, Beitz, 1993] [VDI, 1986] [Eversheim, 1989], [Vajna, Wegner, 2000] as well as consulting experiences from the authors in different branches, it was possible to define (a limited number of about 50) generic process elements that are independent of any specific type of industry, branch, or product [Freisleben, 2001]. These elements cover all activities in product development; see the basics in figure 3. 
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Figure 3:
Basis of a process element

Every process element includes „best practice“ knowledge. These are aspects like the reasonable application of methods and tools, the characteristics (as well as "Dos and Don'ts" of) preliminary process element(s) or following process element(s), the required qualification profile to handle a process element, or allowed combinations with other process elements.

In figure 4 the implemented interview template of the web-based PILOT Analyser tool is shown. It can be used company-wide with any web-browser, similar to all PILOT Improver modules.

During every interview the respondent has to provide the following typical information, which were input in the PILOT Analyser:

· Preliminary process

· Process name

· Description of the work being performed

· Combination with other processes (e.g. sequential, parallel, or iterative)

· Person, resource

· Methods, working techniques, and tools to support the work

· Input information 

· Output information

· Estimated and allowable duration

[image: image4.wmf]
Figure 4:
Web-based analysing tool

The project manager can easily create a holistic process structure with the PILOT Analyser. The mapping to pre-defined process elements described before adds generic rules, strategies, and possible design methods. These process elements are expandable and adaptable to special requirements of a company. So it is possible to describe any processes in the Engineering environment. 

Everything is designed dynamically. Information, knowledge, and data can be changed, added, and deleted at any time. The existing knowledge base grows with every process and every project.

Improving Engineering Processes

One important potential of improving Engineering is to rearrange and to optimise processes and their appropriate activities. Additionally, the early phases of the product development are of great importance, as a big part of the latter costs of a product, about 75 %, are fixed by conceptional and strategical considerations. Because the costs being caused during these phases are rather low, an optimisation of these activities in the early phases of the product development process will improve the following activities (e.g. in manufacturing) and will lead to high efficiency.

Therefore it is necessary to know well the processes and activities the early phases of the product development. Because the PILOT Analyser has stored these processes during the modelling in a knowledge base, process structures can be re-used for the optimisation. It is also possible to use process structure of other tools like a process management system or project management system. 

It is possible to optimise processes in several steps with the PILOT Designer module, figure 4. After choosing a requested step of optimisation, the system starts to improve the processes using its knowledge base. Existing information will be imported from the PILOT Analyser. 

The first step of improvement of Engineering processes is the simulation and test of modelled processes and process structures. By this way it is possible to 

· Identify bottlenecks of resources

· Problems with dates and milestones

· Sequences that couldn’t work in practice

In a next step of optimisation, "best practice" knowledge can be adapted or added to the company specific process information. Therefore the PILOT Designer uses the knowledge of the generic process element that was linked to each activity. It proposes methods, working techniques, and tools in a higher quality or for the first time. Their application can improve the processing time or the quality of the results of an activity.

It is also possible to optimise the resource usage. After these optimisation the PILOT Designer proposes employees with the suitable qualification (may be a higher qualification) or it shows that the qualification of the staff must be increased. 
A further step of improvement is the serial-to-parallel conversion. During this step, complex processes are decomposed into smaller process elements, process elements are newly combined and a re-configuration and optimisation of the process topology take place. For this task, criteria like the availability of results, a statistical reliability of results, and risk assessment are used. Next to linear optimisation methods, evolution methods can be applied as well [Vajna, Bercsey, Clement, Mack, 2000].

Optimized processes can be exported to and used by process management software (figure 2). It is also possible to evaluate the optimized processes with a further module of the PILOT Improver, the PILOT Reviewer.
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Figure 4:
Steps of optimization

Review of Engineering Processes

In business theory there are no suitable benefit evaluation procedures for Engineering tools like CAx systems or EDM/PDM systems. It is typical for this kind of systems that the necessary costs for their implementation and application appear at cost places not identical with those where the benefits of the application show up. Another problem is the missing process orientation as well as an inadmissible mix of quantifiable and qualitative benefits (if they are not be even neglected). Hence, the results are difficult to comprehend [Vajna, Schabacker, 1998] [Bauer, 1995].

The PILOT Reviewer enables the evaluation of projects and processes as well as related technologies with regard to cost and benefit aspects. The basic of the PILOT Reviewer is a new approach for the evaluation of benefits.

The so-called ‘Benefit Asset Pricing Model’ (BAPM®) [Schabacker, 2001] portfolio of benefit classes in Engineering is based on the portfolio theory of Markovitz [Markowitz, 1952]. Methods and procedures for yield and risk evaluation of capital market investments can be applied on the benefit evaluation. It was shown that the BAPM® portfolio, which consists of different benefit classes with their appropriate risks, behaves similar to a portfolio in the capital market containing shares, bonds, and zero-bonds. 

With this new way of evaluation approach, the PILOT Reviewer provides detailed information about an expected return on investment, estimates the risk of the investment, and provides an easy way to understand and to overview potential benefits. It uses the process structures and other information of the PILOT Analyser or of the PILOT Designer for the evaluation. The application of the portfolio theory of Markowitz results in the respective yield-and-risk-portfolio of each benefit class. The output of the benefit evaluation is placed in an Internet Browser window.

Conclusions

The described software ensures that the best possible process in Engineering is performed. It supplies knowledge, tools, and data at the right time and selects the next process step according to the current requirements. It supports engineers and product developers in their daily work. 

Some benefits of PILOT Improver approaches verified in practice are the reduction of:

· Development time of a new product, 

· Product changes throughput time, 

· Costs in a development department, and 

· Response time for customer requests.
The use of the PILOT Improver supports a transparent organisation of processes and avoids that necessary work procedures are omitted. It increases the competence of the employees because it enables them to store their knowledge and to use this knowledge of processes company-wide.
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