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INTEGRITY & EVOLUTION IN VIRTUAL DESIGN 

1 
Summary of Expected Results

An Integrity of Systems. Analysis of systems integration (Team Interaction, Component Manufacture, Building Behaviour). Development of a strategical integrated design framework for collaborative processes as a conceptual tool (see CSI) that aids in the resolution of design complexities by analysing the dynamics of the design process. Includes co-ordinating and controlling engineering and industrial sub-systems and cycles throughout the evolution of the building project.

Mechanisms of Evolution. An IT-AD strategy for the evolution of design intention to realisation - principles for interactive concurrent design methods establishing key design operations. Insights in how to assess and analyse issues of design complexity –  how changes in brief and specification can be made as the design process evolves along a flexible framework. Controlling the nature of the design process as an evolution of form arising from optimised decision making.

Virtual Design Environment. VDE developed through the work of the above (Fields and Actions) illustrating the potential to harness the dynamics of an IT-AD process (3-2-1 sequencing – see Projektbeskrivelse section C: Concept) – how each operation of design connects, evolves and interacts within an overall Design Structure ordering system complexities. The nature of an interface between the virtual and the real: something to be directly translated into a three dimensional constructional reality through a virtual interface.
2 
Detailed Appraisal of Expected Results

2.1 
Exploration of an Integrated IT-AD Method 

 
Dynamic systems: Space, object & matrix; A Basis for IT-AD

An initial analysis reveals the possibility of running three systems of design modelling process concurrently and interactively – 

· a volumetric system of spatial modelling

· an object system of component modelling

· a geometrical system of topological matrices 

The first addresses volumes and surfaces, the second components and methods of construction and the third the geometrical relationship between landscape (GIS), spaces and parts. A volumetric working analysis takes architectural spaces and their relationships in order to map environmental simulations. Material properties are taken into consideration that allows behavioural profiles to be calculated without the need for specific detailed proposals. This requires the development of `target specifications´ that remain a design constant as toplogical, spatial and material relationships are explored within digital three dimensional representations of the building, mapping layers of abstraction to layers of production/manufacture. The definition of a spatial matrix has a parallel action in the definition of material product, in turn having a direct effect upon cost quantification and building performance. 

A hypothetical method of working with ‘fuzzy’ building components is introduced. This involves working with simple geometric/ performance specification relationships allowing constructional and engineering processes to proceed along evolutionary paths, in a manner that is both open to participation and change to brief and specification, until a complete presentation of the virtual building and ‘optimised’ building components is achieved. It is anticipated that such a tri-layered method of virtual modelling will allow the free interplay between space and form on the one side, and materials and technique on the other. The one cannot exist without the other, they are joined and yet separate and both a part of the whole. In addition such a duality allows the interplay between cause and effect that is an essential ingredient of design – the freedom to test the implications of one system upon the other and vice versa. The team of designers negotiate the idea-test-feedback loop simultaneously on macro and micro levels. The combination of spatial planning and component material technologies frees the design process away from the creation of stereotomic form to a development of spatial matrices supporting flexibility in component configuration.  

2.2
Developing Systems Integrity in a Virtual Design Environment: CSI 

The VDE (at this stage) will base itself on the concept of concurrent systems interfaces (CSI). This will provide a means for addressing the problem of how design method and concurrent decision-making can be directed towards achieving a maximum design ‘potential’. In other words, methods for parallel design operations to be linked together but proceed flexibly along separate paths of development. The design of buildings is seen as a dynamic operation operating between two poles that orders the design process into two relatively simple, interconnected but not mutually dependable parts. 

The creative potential of advanced simulation programmes can be used as conceptual form finding tools connecting with an IT-AD modelling process (see 2.1). An Engineering pole is based upon form/ spatial concept/ user specification and is really the architects design development tool, whilst a Manufacture pole is the development of tectonic concept/ team manufacture process founded upon manufacturing /construction/cost processes from which the building-to-be will be realised. These two poles run parallel to the architectural design of the building – the IT-AD Process in between. Behaviour/Engineering and Materials/Manufacture cannot exist without the other: hence the concept of two poles where integrity between the poles increases as the project evolves. The objective is to work in a concurrent fashion and yet be open to intuitive design processes, where minimum integrity between systems at the point of conception is optimised to maximum integrity at the point of construction.

This concept has been developed as a hypothetical model for linking overall developments in Integrated Design with the specific development of Information Technological - Architectural Design (IT-AD) and its validity will be investigated in the project. The aim is to both investigate and develop this model by illustrating a CAD/IT method interfacing with other disciplines from which a collaborative design is composed. The table below illustrates the whole concept in connection with the identification of the three hierarchies of design described in the project description. On the left hand side of the table the tabel ‘Level’ identifies which hierarchy of design (on a scale of 1 to 3) has what connection within an overall design systems model. Next ‘Subject’ identifies the subject of design, ‘Design Element’ the low-fidelity architectural method associated with the subject, The ‘IT Element’ converting architectural method to a high-fidelity IT-Interface, and finally ‘Systems Integrity’ linking the specific concept for a Virtual Design Environment with an overall thematic investigation of Integrated Design based upon the other themes in CID.

Level
Subject
Design Element
IT Element
Systems Integrity
IT-AD Theme

1
Relationship
Geometry


Matrix
Interaction
Process

2
Function
Component 
Objects
Manufacture
Product

3
Man
Environment
Spaces
Behaviour
Performance


Concept - Low Fidelity Model
IT-Design- High Fidelity Model
Systems Integration


IT-AD Virtual Design Environment



2.3 Mechanisms of Evolution in Virtual Design: Overview

2.3.1
Low-Fidelity Design - Concept Optimisation 

The low-fidelity level will establish a relevant project context, unifying concept with intent by integrating conceptual design with manufacture and building behaviour. It involves linking identification of building manufacturing processes and building operation with considerations of efficiency and effectiveness undertaken early in the design process. This requires a distillation of project needs, converting them into requirements and specifications that are then translated into a working concept. This is based upon finding material and behavioural properties specific to project intent, whilst remaining flexible to changes in a developing brief and architectural language. 

2.3.2
Systems Integrity

The development of ‘Systems Integrity’ (see 2.2) as a mechanism for connecting the broad (low-fidelity) architectural ‘intentional framework’ into a high-fidelity ‘realisation’. The development keeping the big picture and directing those operations required in fulfilling project intent. The invention of strategic systems able to handle the actions of multiple actors coordinated together under one enterprise umbrella. A method for translating intention to performing reality involving the co-ordination and management of participants, information and process. System-building that supports design evolution as a means of increasing project integrity:

2.3.3
High Fidelity Design - Design Optimisation 

With the aim of developing a programme/specification into a working solution, form-finding becomes a process of form-optimisation, where the simulation of form becomes a tool for architectural creation. High Fidelity Design is aimed towards evolutionary processes simulating real issues in a virtual setting as the design process discovers what it is the building wishes to be. This is based upon associated topological, structural, manufacturing and behavioural processes. It is expected that this will involve taking the low-fidelity ‘concept’ and developing this into a high-fidelity model determining specific actions: construction, timeframes, detailed behavioural and structural criteria and component manufacturing data required for an automotive process of construction to proceed

2.4
Established relevance with other organisations/ research projects/ 

Whilst CID is about improving the practice of Danish Design and could be termed a national phenomenon, other, especially European and American organisations, are tackling similar design fields. In light of the international significance of activating the potential/effectiveness of design/architectural design as an international movement, this project will introduce an international dimension through the analysis of best international practice, emerging design management practices, hoping to establish international contacts and generally keeping abreast of developments ‘in the field’. The international aspect is to be highlighted through the developing of a pro-active internet site for development / feedback of project status (time permitting) forging links with other (hopefully similar design management) projects internationally:

BOEING
PhantomWorks: Joint Tactical Fighter concept X-35 project

Carnegie Mellon ABSIC Advanced Building Systems Integration Consortium, US


S2/ SEMPER 
Internet realisation of integrated building performance modelling

CE-NET
Concurrent Engineering NETwork of excellence EU ESPRIT 

Columbia 
Digital Design Lab/ Building Technologies, US

COMBINE
COmputer Models for the Building INdustry in Europe, Joule program, DG XII, EU 
DTI
EnergiVISION
 EFP klimaskærm 2030 DK + Office VISION, Solar Power Envelope, EU JOULE

ECCREDI 
European Council for Construction Research Development and Innovation EU

FORD
Synergy CAR 2010

IBPSA
International Building Performance Simulation Association
IFIB
Institut für Industriel BauProduktion, Universität Karlsruhe, DE. 


IP/ VWE
Integrated Planning & Virtual Work Environments

ARMILLA
project. CAAD research projects Building component systems MINI, MIDI, MAXI

Loughborough University, UK Building Design Management Research

Martin
Centre University of Cambridge School of Architecture:

AQIT
Achieving Quality through Interdisciplinary Teamwork in Design


MEIT
Measuring the Effectiveness of Interdisciplinary Teamwork in Construction

MDP
Mapping the Design Process during the Conceptual Phase of Building Projects

MIT
Massachusets Insitute of Technology, House n Architectural Research/ Building Technology, US

SBI
Statens ByggeforskningsInstitut


DIS / BDM
Data Integrated System/ Building Data Model

TEAM
Technologies Enabling Agile Manufacturing US Department of Energy
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Concurrent Systems Interfaces addresses how IT-AD can achieve an integrity between 2 poles of expert operations: manufacturing & engineering.
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Note:


The word ’engineering’ in this context is used loosely as a general term for all expert fields related to building design





Fig. 2


IT-Design Table showing hypothetical connections between the project structure and a Virtual Design Environment – the project intends to test and develop the validity of integrating architectural design with IT systems.
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