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A
Formål


A1


The aim of this project is to investigate an integrated IT-architectural design (IT-AD) process supporting a component-based, high-technological industrial building method. Such a method will be directed towards developing a capability to resolve hierarchies of design complexity as a dynamic, progressive and collaborative process of creative optimisation. It intends:

A/ To investigate developments taking place in other IT-D industries, in particular how systematic working can reinforce working partnerships between designers, ‘expert field’ engineers and manufacturers. 

B/ To explore the nature of a collaborative IT-AD process supporting industrial component manufacture 

C/ To develop an html/xml-based Virtual Design Environment (VDE) IT-AD process model illustrating the findings. 

This is directed towards activating design from something linear, fragmented and based upon artisan practices, to something cyclical, integrated and open to a design-production team working together within a common vision. The objective is to find a means for IT-AD to integrate a creative design intention into an active means of realising that intention as one continuous process of optimisation. It will look at how IT-AD can be based upon the learning and working processes of a project team for directing the operations of any integrated design mechanism. The project will investigate collaborative working and industrial innovation and how virtual design can evolve hierarchies of design structure. This will inform the development of an IT-AD process model (the VDE), where each operation of design connects, evolves and interacts within an overall design structure. This is based on the concept that architectural design is about the optimal integration of a hierarchy of technical and behavioural systems supporting the user. 

A2


Integrity and Evolution in design are introduced as central themes for how architectural design can support creative intention and innovation as an optimisation of IT-orientated component design environments. The creative process will be examined as part of a strategy that simplifies the design process within an overall from idea-to-product context, where analysis of behaviour and manufacture are taken interactively and concurrently. This means examining the operations from which each is composed with the aim of ordering and integrating these operations as a common enterprise. As other high-technological enterprises have shown, IT working creates parallel layers of organisation in line with the needs and direction of the project process as a whole (symbolised by the three arrows above). 

This is in essence about exploring the means for design to become a continuous process of optimisation drawing upon the capabilities of the project team as an entirety, and in this respect the notion of design as something based upon personal & stylistic considerations is open to debate. The project will therefore maintain an open disposition towards other design disciplines and address the developments taking place in other industries, in particular information-technological advancement in team-production industries. More importantly, it will address just how such developments can contribute to activating the potential for architectural IT-Design to be an effective and innovative discipline interfacing more directly with the industrial manufacture of building components. 

B
Problemstilling

B1


Buildings today are the result of individual programmes and almost total customisation. Using IT as a means to transform ‘traditional’ practice into a more capable and effective operation, IT becomes much more than just a controlling medium. This is not just about improving the means of making the product of design, but more importantly for activating the process of design as a dynamic exchange between design disciplines. This, as in other industries, has to be based upon developing IT-Design mechanisms, where creativity in the built environment is supported through collaborative optimisation directed towards technological innovation and effective operation. 

This cannot be achieved without thinking in terms of processing ‘systems’, where system integrity increases with time (triangle). As in Concurrent Engineering, this involves establishing an open processing structure, where a main conducting flow or stream where all existing entities belonging to that system are contributing to this flow in a complementary harmonised way. This is a knowledge flow, which starts by understanding human problems and continues by creating ideas that are transformed into solutions where different systems can contribute to each other [CE]. 

B2


Developing an architectural design represents a tremendous investment of time in translating architectural thought into a paper based drawing medium for artisan translation and action. IT is used almost exclusively as an electronic drawing board that fails to support design as a tool for design development. Architectural thought has to typically undergo such a process of labour and fragmentation, that the investment of time required to produce ‘information’ leaves very little time where it is most needed: to investigate and optimise whilst in a conceptual stage of design. Despite the availability of state-of-the-art design tools from other industries, architectural design remains entrenched in this ‘drawing-board mental abstraction’. 

Rectifying this imbalance means drawing upon the combined talents of expert fields, where individual programmes reflect team dynamics. No amount of design skill can ever achieve successful fruition without the shared vision and commitment of the team that makes it a reality, so the emphasis shifts from the manual production of information to finding the most effective means of design communication between team members. The most important consideration is for the free access by all to test and influence the decision making process and contribute towards the development of the project, so inter-organisational structures tailored to the needs and requirements of the project is central to an IT mechanism for design.

B3


However, Design is an intensely personal, dynamic and often illogical response to the challenges given by any set of design criteria. Soft emotional responses are gradually, through an evolutionary process of testing a state and feeding back a response, hardened up as consecutive pieces are added to the jigsaw puzzle. Any system supporting design has to therefore have the capability to reinforce such design ‘dynamics’. This needs a fundamental understanding of the ability to direct the ‘team’ in support of an overriding vision or objective. More abstract or artistic notions of space, light, order and ‘spirit’ define the context for processes of rationalisation in support of these paradigms. 

Design in this context is seen as an evolutionary process; one that is both informed by the intentions of design and which itself informs the development of a suitable design response. By focussing on intent, and how at any particular moment, intention connects to realisation, design can be then be understood to be an act of evolutionary formation arising from a fluid dialogue between the two. It is necessary for IT to reinforce this dynamic aspect in order to become an effective working mechanism reinforcing a design discipline.

B4


The problem with the practice of AD in real settings, has been the fragmentary nature of coordinating the flow of information from the conceptual to the specific, from the soft to the hard. The conceptual phase has continued along traditional paths whilst additional hierarchies of design complexity have entered into the equation, together with conflicting interests and protective practices. Decisions made at the early stage of the process sets the scene for the development of the project as a whole, where any representation of design is just a snap-shot in this dynamic exchange. A stage of design development follows and typically involves testing the design response against ‘micro’ and ‘macro’ criteria to A/ discover the detailed nature of the problem and B/ find a fitting response to solving the problem that makes the most out of a creative intention. Once in place, a developed design is then fine-tuned according to specific feedback processes. A phase of information production then converts design intention into a set of instructions for a builder. 

B5


It is precisely the separation between conceptual design, design development and the problems of resolving design complexity with the processes of realisation, that IT-AD as a mechanism can be directed to integrating. Such a mechanism, like a cognitive system [M], has the potential to harness the evolutionary aspect of design in realising creative intention. This is essentially what distinguishes an architectural discipline from an engineering one and is what makes architectural design special. The introduction of integrated IT into the practices of other design disciplines has had a transformative effect upon the practices of design, revolutionising such industries from within as such. It is anticipated that this will also hold true for architectural design, where the future role of the architect will essentially be one of keeping the big picture and directing operations in fulfilling project intent. Design in this context becomes a means of optimisation that maintains an intent-realisation mechanism throughout the evolution of the project. This is achieved by developing mechanisms for channelling design activity down certain constructive paths [M], and where the hierarchies of design complexity are coordinated in support of creative thought.

C
Concept




C1


The end of the drawing as a means of communication is inevitable as focus shifts from abstracted two- dimensional representation to 3D component-based data systems. The introduction of web-based servers and interoperability in the building industry (IAI-IFC) demands almost by default an understanding of a virtual design process, the significance of interoperability in design, and a development of a collaborative design strategy for applying this understanding. There are already moves fx for specifying tenders in terms of object modelling; the design and construction industries face the real possibility of inter-dependency as systems are developed that support the ongoing management of building facilities and life-cycles of building components sourced from design data [N]. This means that each step of a ‘virtual’ design process will be directed towards establishing a data structure of the building, its construction and the entire life-cycle of its components in use. However, in order to do so, an appropriate context for the dynamics of design activity has to be determined, in order to then find an appropriate way for this to become an IT-AD process.

C2


The project objective is for architectural IT-Design to work in a continuously progressive fashion, where  definition of conceptual intention, a system for design development and the means of realisation progress parallel to each other, each part having an influence on the development of the other. Each step along the way then becomes a process of design evolution ending in a virtual representation of the building and its processes of manufacture and construction.

It is intended that the information required to construct will be implicit in the process model, where time is spent exploring a potential for design to optimise technique and behaviour, rather than labouring on the communication of information. This is directed towards establishing an architectural method of working, where topological/spatial/behavioural relationships are explored parallel with developing industrial technique within a collaborative design framework. Architectural design, through IT, becomes by so doing a continuous process of optimisation, where ‘systems’ working integrates areas of expert knowledge into a coherent project response. The aim is to develop a means for ‘testing’ the implications of creative decision-making on the mechanisms of realisation, so that the relationship between user, function, behaviour, component and manufacture, is not only understood, but also controlled.

C3


Understanding design as a generative process requires an understanding of the purpose of design, architectural design and product design in particular. Design as a composition of  ‘layers’ can be identified, where the first layer has relationship as subject. This is essentially about how things relate to each other and is concerned with geometry, hierarchy or structure, and structures for the exchange of information (process). The second layer has function as subject, it is often universal and leads to invention because a focus upon function inevitably favours innovation. Whether car, plane, box or shoe, the emphasis is upon utility and means of manufacture (product). 

The third layer is really where architectural design distinguished itself as being conceptually removed from product design, demanding a more sophisticated response and a shift in design perspective. It is concerned with the dynamics of life, people, their interaction and relationship to a larger supporting context. It is about offering a psychological, social and environmental capability and is concerned with emotional responses, the relationships between individuals, groups, their needs, locality, context and a macro-system that supports and sustains them (performance). 

C4


The third level represents a deeper underlying order in things where Man is subject and building object. The purpose for an industrial product is to perform a function; the purpose for architecture is for man to prosper and develop. The architects ‘purpose’ is to create useful and meaningful environments that are effective in operation and stimulating in use: part of an interaction between a system of human needs and the capability of a system to support those needs. Design in the third sense can be an artistic and personal response to complexities of interrelated human issues. 

These can only be realised through evolutionary & explorative processes involving the interaction between all three levels. Without the added depth of the ‘third dimension’, the functionality of the second level will dictate a design where artistic and human values remain subservient to the dominance of formal structures and ‘rigid’ rationale. (formalism, functionalism). This difference is what often distinguishes successful architecture from building, and its recognition is important in transfiguring architectural design as an information-technological discipline.

C5


‘Traditional’ architectural design structures determine initial geometrical considerations to be later detailed as material and only then regarded as a man-building interaction, so is more often than not composed of a 1-2 or 1-2-3 sequence. Architects have in this respect been primarily motivated by abstractions of the representative design medium itself rather than the reality of the environment they are creating. It is proposed here that architectural IT-Design (IT-AD) be composed of an inversion of the three layer sequence: the third level is the determining condition for the second, in turn the determining condition for the first, so the processing structure is 3-2-1, or performance-product-process. The processing structure is determined by project needs, where differences between the second and third levels could be likened to challenge-response and cause-effect. Level 3, here represented by challenge-response, has an element of the irrational more dependent upon artistic attitude, personality, values and humanistic determining factors. The cause-effect of the second level of design is by comparison much more straightforward, finite, mechanistic and predictable. 

D 
Afgrænsning

The project is composed of two elements, an investigative part and a development part. The first part is concerned with A/ researching Integrated Design/ IT-Design developments in industrial design & manufacture (Agile Manufacturing/ Concurrent Engineering) and integrative design structures developing in Architecture/ Engineering/ Construction (AEC) and B/ investigating their relevance to an IT-Architectural Design (IT-AD) process. The second part is then concerned with development of an IT-AD process model/guide, based on a conceptual development of the 3-2-1 layered design process model, where topological/spatial/behavioural exploration supports the application of industrial building components. This establishes a hypothetical concept that will be tested and developed during the course of the project into a VDE (Virtual Design Environment – see VDE below). Both parts of the project will be related to national and international developments. A Danish context for industrialisation of the building process and research into future building technologies will be established by relating the project to:

1/ By- & Boligministeriets Projekt-Hus 

2/ EFP’s (Energi ForskningsProgram) Klimaskærm 2030. 

Close attention will be paid to the development of Projekt Hus (PH), whilst a Klimaskærm 2030 context will continue the collaborative work between myself and Teknologisk Instituts Energi VISION researching the transition to an Information-Technological society affecting the future of architectural technologies. The 2030 project has already highlighted some of the leading players in IT-Design in practice, amongst which can be mentioned Boeings Phantom Works, Ford Synergy project 2010 & developments in high-technological Japanese building manufacture. It is expected that both PH and 2030 will provide a national reference for assessing the specific findings of this project. In addition, a european & international context will be provided by:

1/ UK Cambridge School of Architecture’s Martin Centre 

AQIT ‘Achieving Quality through Interdisciplinary Teamwork in Design’  

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

2/ US Dep. of Energy’s TEAM Technologies Enabling Agile Manufacturing programme. 

The first will provide an architecture-specific context for assessing developments in systematic architectural design and the second one reflecting the state-of-the-art in IT-Design integration within industrial design/ agile manufacturing. It is of course, too early to determine the specific relevance of any of these, and other connections with other projects is expected to take place. Connections made during the course of the research is bound to lead the project in directions unforeseen at its commencement, so it is intended that the project proceed along a flexible framework that will encourage such connections to be made.
Virtual Design Environment - VDE

The VDE is not a computer program, but an internet-capable presentation. This is to be comprised of three-dimensional CAD modelling, process diagrams, (animated) illustrations & text, explaining the conceptual development of IT-Design and should be regarded as such as a strategic IT-AD guide presenting the findings and development of the project in a dynamic format. Valid experience is absolutely essential for developing any project reflecting an accurate picture of developments in the ‘field’. Therefore development of a HTML/XML based VDE will be supported by a MicroStation 3dCAD system with which I have a detailed working knowledge, after five years of Danish project, CAD coordination, 3D design and visualisation experience (see CV). The potential in using a proprietary three-dimensional parametric modelling system (Bentley’s Triforma is expected to be used) will be examined as a basis for developing a conceptual model for IT-AD. In addition, the development of the next generation of platform-server-data environments [B] supporting an IFC (Industry Foundation Classes) component format, will place the project firmly in the developments taking place in world engineering and interoperability. 

E
Projekt Structur & Metode  

A collaborative approach to architectural design will be investigated, where a range of core design issues can proceed concurrently, influencing and reinforcing one another through the course of the study. A potential exists for forging active links with organisations involved in design development. It is hoped that such links can be forged, not just within the confines of organisations actively involved in the Danish Centre for Integrated Design, but also those nationally and internationally. 

It is intended that this application be regarded in the context of establishing such links in the belief that it is through collective learning that the cross-fertilisation of ideas can take place. In this respect, it is my intention to adopt a multidisciplinary ‘active learning’ approach. This involves crossing professional boundaries in order to determine a constructive overview. Such a method will enable the project to reflect developments taking place in international business management and production engineering as much as those in architecture, building engineering and construction. This is about opening organisations to knowledge-sharing and more effective, systematic operations as a means of optimising organisational change. This is in essence about aligning the project with a macro context for the transition to an information-technological society and the changes in work practice that such a transition entails.

Developing IT-AD

The project symbolism has been developed to present a range of issues into easily understandable and identifiable concepts for research and development. The aim is for IT-AD to work in a fashion where zero systems integrity at the point of conception, is, through an evolutionary process of optimisation, evolved into maximum systems integrity at the point of completion (in the virtual). Hence the symbol of the triangle, increasing integrity from bottom to up (triangle symbol = Integrity). 

The relationship between design intention and the rationalising process of realisation will be tested as to how an IT-AD process can proceed as an evolution between Concept (intent), Collaborative System and Design Optimisation (realisation). In particular how each operation proceeds concurrently, influencing both the evolution of itself and that of its neighbours (arrows symbol = Evolution). It is hoped that this can be achieved by developing an integrated design capability through systems of Team Interaction, Component Manufacture and Building Behaviour. 

Integrity and evolution are used to investigate the dynamics of virtual design supporting architectural discovery. This is based upon the conceptual understanding of IT-AD as a hierarchy of layers (horizontal bars symbol = Virtual Design). It is to be emphasised, that parallel design is a fundamentally different process from the traditional and linear sequence of Schematic Design (spaces) - Design Development (materials) - Production Drawings (construction of materials) - Tender (prices of construction).

F
Program

The specific value of the project will be derived from the cross fertilisation between CID’s research fields, (IT-Design, Design Management & Sustainable Design) and Parts I, II & III of the project. Part I deals with top-down Integrated Design ‘Fields’ (= triangle) investigating systems of integration, Part II with bottom-up ‘Actions’ investigating the specific mechanisms of design evolution (= arrows). 

Parts I & II will support the specific development of Part III: the VDE presenting the conceptual and strategical development of Virtual Design (= bars). It is hoped that this will provide a suitable structure for development over a two-three year period for researching and developing a systems-integrating IT-Design process model. The bottom-up and top-down project method will additionally enable connections to be made between detailed areas of study and developing an understanding of the overall issues of integrated design. It is hoped that one will feeds-back to the other through the course of the thesis. 

The project will draw upon HTML/XML (the present and future internet formats) as a means of organising and presenting the development of the project both during the course of the study and presenting the final status of the project as as Part IV: Presentation. The status of the project will be updated concurrently with the development of the project and be made readily available for internet publication.

Notes:

[CE] 
CE-NET Concurrent Engineering NETwork of excellence    EU ESPRIT http://esoce.pl.ecp.fr/ce-net/
[B]
Bentley Systems Project Bank http://www.bentley.com/products/projbank/prjbnkwp.htm


[M]
McCrone, J. (1999) Going Inside  A Tour Around a Single Moment of Consciousness, Faber & Faber, London   

[N]
CAD Info.Net Object Modelling CAD

[TH]
Herzog, T. (ed.) (1996) Solar Energy in Architecture and Urban Planning. Prestel Verlag/CEC, Munich.
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