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Abstract  

City Information Modelling (CIM) seeks to evolve Building Information Modelling (BIM) into 
urban planning and design practices that are today dominated by Geographic Information Systems 
(GIS). The design toolbox in GIS software does not relate to urban design elements (streets, 
sidewalks, buildings, lots, etc.) or urbanist parameters. Urban designers must use geometric design 
elements from GIS (lines, polygons, and points) that do not correspond to their practices and three-
dimensional (3D) understanding of cities. This paper explores the CIM framework thought evolution 
of the architects’ and the planners’ office, the history, and new trends in digitalisation of urban 
planning and design from a perspective of urban designer and morphological structure of cities.  

Keywords: urbanism, urban design, urban morphology, city information modeling, computational 
urban design, 

УРБАНА МОРФОЛОГИЈА И ИНФОРМАЦИОНО МОДЕЛИРАЊЕ 
ГРАДА (ЦИМ) – КОМПЈУТЕРСКИ УРБАН ДИЗАЈН У 
КАНЦЕЛАРИЈИ БУДУЋНОСТИ ГРАДСКИХ ПЛАНЕРА 

Сажетак 

Информационо моделирање града (ЦИМ) настоји да еволуира Информационо моделирање 
зграда (БИМ) којима данас доминирају Географски информациони системи (ГИС). Пакет 
алата за пројектовање у ГИС софтверу не подржава елементе урбаног дизајна (улице, зграде, 
парцеле, итд.) ни урбанистичке параметре. Урбани дизајнери морају да користе геометријске 
елементе дизајна из ГИС-а (линије, полигоне и тачке) који не одговарају њиховој пракси и 
тродимензионалном (3Д) разумевању градова. Овај рад истражује мисаону еволуцију ЦИМ 
оквира канцеларије архитеката и планера, историју и нове трендове у дигитализацији урбаног 
планирања и дизајна из перспективе урбаног дизајнера и морфолошке структуре градова. 

Кључне ријечи: урбанизам, урбанистички дизајн, урбана морфологија, информационо 
моделовање града, компјутерски урбан дизајн 
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1. INTRODUCTION 

With the new developments in Information and Communication Technology (ICT), and the 
increased processing power, storage capacity, and communication bandwidth, as well as accelerated 
digitalization of organizations and companies, businesses and services, the vision of ubiquitous 
computing (Weiser, 1991) becomes closer to reality today [1]. City Information Modeling (CIM) 
seeks to digitalize urban planning and design practices [2-4]. Digitization is defined as the process 
of converting analogue data into a digital form, and ultimately into binary digits. Digitalization 
describes diverse sociotechnical phenomena and processes of adopting and using ICT technologies 
[1]. Urban planning and design processes are dominated by Geographic Information Systems (GIS) 
and Computer Aided Design (CAD) software. GIS and CAD software developed in the 1960s with 
a two-dimensional (2D) drawing board and design toolbox of geometric elements (points, lines, arcs, 
polygons, etc.) that has not changed much as data structure and design capabilities. Urban planners 
and designers remain reluctant to digitalization [4]. Urban planners typically negotiate development 
projects in various constellations of actors and stakeholders. They typically are not GISers and 
CADers, but they use the inputs of GIS experts and spatial analysts (GISers refer to technical 
professionals that use GIS for spatial analyses). GIS and CAD work perfectly for creating maps of 
cities and urban plans with streets, buildings and plots as polylines and polygons, for spatial 
database, or for 2D spatial and morphological analyses [5-6], but GIS and CAD cannot represent the 
hierarchical morphological structure of urban design elements (streets, sidewalks, buildings, lots, 
etc.) and their interactions in three dimensions (3D).  
Urban designers as practitioners must deliver drawings and illustrations of cities and develop design 
codes or guidelines at various stages of planning and urban design. Masterplans are the standard 
deliveries to communicate urban design, but urban designers have the unique competence to analyse 
the experiential qualities of cities in 3D [7]. Furthermore, many urban designers use sketching and 
the typical computer mouse as interface works differently than the pencil or pan in the hand. Faced 
with a choice between GIS and CAD, they often return to hand drawing and sketching, and they 
combine images, diagrams, and maps from diverse software packages to illustrate the experiential 
qualities, to analyse and to design cities. Urban designers understand cities through types and 
typologies [6, 8-13]. Types are abstractions about urban forms, or the representative exemplars or 
prototypes. Society creates types of streets, buildings, neighbourhoods, cities, etc. (even types of 
spaceships, space colonies, etc.) to simplify communication and promote values [14]. A type packs 
much information into one icon: a set of architectural or environmental attributes; a set of rules for 
construction and for organization of space; a set of behaviours and defined roles that take place 
within it; and a set of qualities it should exhibit [15-16]. Urban morphologists describe cities as a 
hierarchy of design elements that create types: streets and their layout, plots and their aggregation 
in blocks, buildings, and land uses [5, 13]. Urban morphology inferences and interprets types of 
buildings, streets, neighbourhoods etc., whereas urban design invents types and prescribes 
interventions using types [17]. Urban designers typically turn typologies into design guidelines or 
Form-Based Codes (FBCs) [6, 12, 18-23] often with morphological methods. 
This paper explores the history and new trends in digitalization of urban planning and design from 
a perspective of urban designer and morphological structure of cities [5, 13]. It described a 
framework for City Information Modelling (CIM) as evolution of Building Information Modelling 
(BIM) into urban planning and design that is today dominated by GIS and CAD. The paper 
furthermore looks at the evolution of the architects’ and the planners’ office. CIM is conceived as a 
digital tool in the planners’ office of the future that will address the needs of urban designers for 
morphological hierarchical understanding of cities in 3D. BIM apps replaced CAD software in the 
architects’ office because BIM standardized around the floor plan as a drawing board and a design 
toolbox closely aligned to the design elements in architectural practices (walls, windows, doors, 
furniture, etc.). In the BIM apps, architects arrange architectural elements on a floor plan. GIS 
software does not have a design toolbox that relates to urban design elements (streets, sidewalks, 
buildings, lots, etc.) or urbanist parameters such as Floor Space Indexes (FSI), Open Space Indexes 
(OSI), etc. or the morphological structure of cities (hierarchy of streets, lots, and building). To adapt 
to the GIS and CAD apps, urban designers must use design toolboxes with geometric design 
elements (lines, polygons, points, etc.) that do not correspond to their practices and three-
dimensional understanding of cities. By presenting the CIM framework and its morphological 
theories, this paper aims to inspire a debate about digitalization of urban planning and design 
inspired by morphological research and theory and to contribute to increased use of digital tools 
among urban planners and designers. 
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2. DIGITALIZATION IN URBAN PLANNING AND DESIGN AND 
SMART SUSTAINABILITY 

Digitalisation in urban planning and design is intertwined with cities and sustainability. In the 
concept of sustainable development, the urban challenge includes world cities with global reach that 
draw resources from distant lands, with enormous aggregate impacts on the ecosystems of those 
lands. Agenda 2030 sets an action plan with sustainable development goals (SDGs) and targets. The 
mission of SDG 11 is to make cities and human settlements inclusive, safe, resilient, and sustainable. 
European Commission acknowledges Agenda 2030 in the European Green Deal that highlights 
climate neutrality, energy and resource efficiency, smart and sustainable mobility, circular economy 
and preserving and restoring ecosystems and biodiversity and targets disruptive innovation and 
digital technology as enablers for greater sustainability. Sustainable urbanism addresses the urban 
challenge in sustainable development with innovative urban design emphasising the human scale 
and the liveable city, the physical form, and experiential qualities contextualised in world cities 
shaped by globalisation and virtual-physical existence [23-37] 
Digital technology and sustainable development meet in the paradigm of smart sustainability. Smart 
sustainability inspires and explores the development of smart-sustainable neighbourhoods, 
digitalization of urban infrastructure and development processes, as well as collaborative 
experimentation with digital technologies [38]. The aspects of smart sustainability include smart 
cities and digitalization of urban planning and design practices. The smart city narratives range from 
embedding hardware and software in the physical city to the effects of computation on the 
physicality of the city [29]. The smart city has existed as the “informational city” [23], “invisible 
city” [25], “city of bits” [30], “computable city” [27], “programmable city” [35], etc. The smart city 
has a physical appearance (hardware such as cables, chips, sensors, robots, and so on), an invisible 
programming and computing domain (codespace as backend) and a perceptual virtual frontend as 
apps and social media (so-called cyberspace or metaverse). The digitalization of urban planning and 
design practices can be understood as digitization of cities (turning analogue data into a digital form 
and developing data structures as backend) and developing software for urban planners and 
designers that can be used in urban planning and development as frontend. There are a variety of 
professionals within urban planning and design that work with sustainability (within or out of the 
digitalization processes) that have specific digitization and digitalization needs. Strategic planners 
produce and negotiate visions, frame problems and challenges usually at larger scales from 
neighbourhood to metropolitan areas. They create policy documents with sustainability goals to be 
reached typically in long term. The ongoing paradigm in strategic planning is collaborative, 
communicative, or participatory planning that revolves around information, communicative 
rationality, and action, consensus building and collaboration among actors and stakeholders [39] 
discusses three collaborative, communicative or participatory planning streams. For theorists and 
practitioners of consensus building (e.g. Judith Innes) consensus must be won through negotiation 
and mediation between interests (and types of information). For collaborative theorists (e.g. Patsy 
Healey) consensus is potentially inherent in the act of communication between stakeholders. Radical 
urbanists and architects (e.g. Leonie Sandercock) argue that the aim is not consensus at any price, 
but empowerment of the most disadvantaged in society. Strategic planning can be applied for any 
visionary or futuristic thought including cities and strategic urban planners typically do collages of 
images (in 2D design software) and write documents (in word processors). Physical planners and 
urban designers focus specifically on the physical form of cities, and they draw plans either in GIS, 
CAD, or BIM. Physical planners work with zoning or density of development in 2D by arranging 
land uses at a scale of lots or neighbourhoods (and CAD and GIS fulfill their needs). Urban designers 
focus on physical form in 3D and experiential qualities of urban space, at a street, city block or 
neighbourhood design level [7]. There are also landscape architects, transport planners and traffic 
engineers, mobility managers, etc. that work with cities. In the different practices and needs for 
professional software, GIS emerges as an integrating framework to share and work with urban data. 
GIS and spatial analyses are (smart city) digital tools to address sustainable urbanism. To understand 
the necessary level of GIS expertise for a specific interdisciplinary research project, Ricket [40-41] 
identify three roles of GISers: 1) use of GIS as a Tool, 2) employing a GIS Toolmaker for 
commissioned applications or 3) a GIScientist for developing and programming new forms of spatial 
analyses (Figure 1), but there are also many urban planners and designers that are nonGISers. There 
are limitations in applying GIS and spatial analysis. Spatial analysis is not particularly useful in 
analyzing urban planning processes or causal understanding (graphs and topologies) beyond the 
specifications of identified problems [42]. There is also a drift between GISers or nonGISers. Many 
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public authorities and private business have GIS divisions that deal with spatial data and land 
cadastres (GISers of various sorts as shown on Figure 1), that sit separately from city planners and 
urban designers (predominantly nonGISers) that negotiate development and draw plans. The GIS 
divisions seek to address the challenges associated with processing large datasets and spatial data 
infrastructure of the municipalities, and the urban planners focus on planning processes and urban 
development. There is a need to bridge the gap and reach out to nonGISers with a new kind of 
software. 

 

Figure 1. The GISers (the top of the figure is drawn by Ricket, et al. 2020) are just a technical 
segment of the professionals involved in urban planning and design. There are GIS departments in 
public authorities or private businesses and planning consultancies. Typically, GISers (as well as 

CADers and BIMers) are technicians that sit separately, whereas most urban planners and 
designers are typically nonGISers (many are not even GIS Tool Users as shown above) and they 

belong to separate departments.  

3. THE DEVELOPMENT OF DIGITAL TOOLS FOR URBAN 
PLANNERS AND DESIGNERS 

To understand the dominance of CAD and GIS in today’s urban planning and design, and BIM in 
architecture it is important to look at the history of software and the process of digitalization of the 
architect’s and urban planner’s office. The vision for the (digital) office of the future was laid by 
Vannevar Bush’s paper “As we may think” as the concept of “memex”. A memex is a device in 
which an individual stores all his books, records, and communications, and which is mechanized so 
that it may be consulted with exceeding speed and flexibility (memex includes all the converging 
aspect in ICT today, the personal computer, smart communication device and artificial intelligence). 
It is an enlarged supplement of human memory or “an extended mind” [43-44]. The extended mind 
includes various portable, wearable, or tangible devices and interfaces, transparent technologies and 
various apps and online worlds (Internet, social media, etc.) building a cyberspace or metaverse. 
Some devices, interfaces and virtual representations work smoothly, e.g. the software for word 
processing is widely used. Human society experienced digital transformation towards virtual paper 
and keyboard input. Keybords and typewriting are so widespread today that many children prefer 
typing over handwriting. But architectural professionals, urban planners and designers who 
previously drew by hand, with T-squares and triangles, did not experience a complete digital 
revolution. They adapted to a new way of thinking about architecture and cities. The use of digital 
tools such as CAD and GIS software in urban planning and design is linked with technical 
knowledge for doing spatial analysis and individual preferences to use computers (of CADers, 
BIMers, and GISers). Even though architectural professionals, urban planners and designers are 
trained in CAD, BIM and GIS, there is a misfit between urban planning and design practices and 
available software. The computers feel peripheral to cities, urban planning and design and the 
conceptual frameworks of CAD and GIS coerce urban planners and designers in thinking in 
geometric and database terms that are very limited representationally. CAD and GIS changed very 
little from their origins in the 1960s.  
Digitalization is driven by technological revolutions as Informational Technologies (IT) and 
Communication Technologies (CT) develop and intertwine with society [1]. IT and CT developed 
and merged in the 1990s with the expansion of the Internet and spread in society with smart phones 
in the 2000s. The origins of ICT are much earlier, and CAD was one of the first applications of IT. 
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After World War 2, the Advanced Research Projects Agency (ARPA) and National Aeronautics and 
Space Administration (NASA) supported pioneering research on ICT. The Internet (or networking 
computers) experiments started in the 1960s when J. C. R. Licklider became director in ARPA. 
Inspired by Vannevar Bush, J. C. R. Licklider conceptualized “human-machine symbiosis” [45] and 
he coined the term “computer-aided”, describing theoretically systems for computer-aided planning 
and design. As director at ARPA, J. C. R. Licklider supported, financed, and supervised research on 
“human-machine symbiosis” systems, or Human Computer Interaction (HCI). Ivan Sutherland [46] 
using a grant from ARPA demonstrated Sketchpad, the first Computer Aided Design (CAD) system 
at Massachusetts Institute of Technology (MIT) as a human-computer communication system using 
the TX-2 computer at MIT Lincoln Laboratory. Timothy E. Johnson presented Sketchpad III in 1963 
too, as a CAD system that could create 3D designs. The computational models and computer 
graphics concepts from Sketchpad for representing points, lines, arcs, and surfaces remain until 
today. In the same time Douglas Engelbart (known as the “father of the computer mouse”) also 
financed by ARPA and NASA developed HCI theories, hardware, and software for “computer-aided 
working space” or “human augmentation” in the (digital) office of the future. Douglas Engelbart 
envisioned the office of the future in the 1960s as a working station, a terminal that links to a 
mainframe computer. While in Sketchpad the human designer communicated with the computer 
with light pen on the screen that acted as electronic drawing board, Engelbart used a keyboard and 
computer mouse with a pointer. In Sketchpad, there was a design toolbox with lines, arcs, and 
surfaces as hardware complement, whereas Engelbart instead of a design toolbox offered 
programming classes for anything that was displayed on the screen. Similar direction of graphical 
pursued the RAND cooperation with the GRAIL (GRAphical Input Language) on the Linc 
minicomputer (that is considered as a predecessor of the personal computers today). GRAIL was an 
interactive software-hardware system that utilized visual programming for elements displayed on 
the screen. It allowed a human to write on a two-dimensional surface with a stylus and the system 
recognized the text and the diagrams written on the tablet automatically.  
In the 1970s, the pioneering efforts to create hardware-software systems for “human-machine 
symbiosis” and “human augmentation” converged in the innovations and developments in PARC 
(Palo Alto Research Center) that was established by Xerox to digitize photocopying and printing. 
Office automation became the buzzword used to describe the computer augmentation of office 
functions in the 1970s. Psychological research into human interaction with computers gave rise to 
the field of HCI by the research in PARC. Robert W. Taylor, who like Licklider and Sutherland 
directed ARPA’s center for computer research became a director in PARC in the 1970s. Taylor 
recruited a new generation of computer scientists and programmers and fashioned a prototype for 
ITC working environment in PARC that will shape Silicon Valley until today. Taylor recruited 
visionaries as Alan Kay, Charles P. Thacker, Charles Simonyi, etc. and created a cozy and informal 
working environment that revolved around ubiquitous computing, personal computers (Xerox Alto) 
and local area networking (Ethernet), mouse-driven Graphical User Interface (GUI), virtual paper 
and word processing, and the desktop paradigm through object-oriented programming (Smalltalk 
language). Alan Kay promoted the desktop metaphor as files, folders and windows in the 
experimental Xerox Alto inspired by Engelbart’s mouse and GRAIL’s display elements. Charles 
Simonyi developed the concept of virtual paper and Bravo, the word processor that became crucial 
for the widespread use of Microsoft Office. The desktop paradigm mainstreamed with Apple’s 
computers and Microsoft’s Windows software in the early 1980s. It is a dominating paradigm that 
is built over the x86 architecture that was developed by Intel in the 1970s and miniaturized over the 
years. The widespread diffusion of personal desktop computers with a computer mouse at the end 
of the 1970s and 1980s (e.g., Apple II, Apple III, and Apple Lisa and x86 series processors by Intel) 
rendered both the light pen, stylus, and AI obsolete in architectural practices (only until recently 
when tablets reemerged). By the late 1970s, the computer industry promoted a vision for automating 
office work, not for stand-alone personal computers, but as office automation systems for networked 
workstations. The personal computer with the keyboard and mouse became the standard. The CAD 
systems for architectural systems that established in the 1980s and 1990s (for example Autodesk’s 
AutoCAD) as well as the Building Information Modelling (BIM) software from the 1990s and 2000s 
(Graphisoft’s ArchiCAD and Autodesk’s Revit) remain dominant and unchanged conceptually. 
Unlike Sketchpad or GRAIL, they revolve around Engelbart’s mouse pointer and Xerox Alto’s 
office desktop metaphor. Autodesk AutoCAD was released in 1982 and it made it possible to draw 
architectural projects with lines, arcs, and dimensions with a computer mouse. The mouse and 
pointer, as well as grid and snap functions recreated the drawing board of architects with the T-
square in a digital form. AutoCAD dominated architectural design practices until the emergence and 
spread of BIM software, namely ArchiCAD (initially developed for Apple Lisa in 1984 and transited 
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to Windows in the mid-1990s) and Autodesk Revit (in the 2000s). The difference between 
ArchiCAD and AutoCAD was that ArchiCAD used building elements as walls, slabs, doors, 
windows and so on as 2D symbols on a plan and created various 3D representations (including 
sections, elevations, architectural details, axonometries and perspectives). ArchiCAD digitized the 
architectural famous handbook Architects’ Data (often called Neufert, by its author Ernst Neufert) 
in its building elements that do not show only the 2D symbol, but also the spaces needed to operate 
(e.g., furniture elements in kitchens or bathrooms). ArchiCAD like AutoCAD worked as digital 
drawing boards, but the difference was that ArchiCAD created sections, elevations, architectural 
details, axonometric views, and perspectives automatically from the 2D symbols on the plan. In 
AutoCAD, architects draw sections, elevations, and architectural details manually and they use 
elevations to create 3D visualizations. However, neither ArchiCAD nor AutoCAD used hand props 
for sketching as pencils or triangles on the grid and snap digital drawing board. BIM software like 
ArchiCAD created a plan arranging drawing board that links to the GRAIL display elements 
paradigm, but this cannot be applied in a context of urban design drawing board and the GDL 
(Geometric Description Language) never became popular among architects (in a way that visual 
programming add-on Grasshopper alleviated the 3D modeler Rhino in the digital architect 
community). The Geographic Information Systems (GIS) software developed two representations: 
discrete objects (attribute databases for object supported by the vector graphics in CAD) and 
continuous fields (raster graphics). The GIS software, like CAD, was established with the desktop 
computer with computer mouse and keyboard. It experienced the commercialization of CAD. 
AutoCAD launched Autodesk into leading CAD software company from the 1980s until today and 
ArcGIS similarly put ESRI in a dominating position. Like CAD, GIS has an editor with geometric 
elements (points, lines, and polygons) and it is widely used for drawing 2D masterplans. 
City Information Modelling (CIM) starts with Geographic Information Systems (GIS) and brings a 
perspective of city planning and urban design as a specific niche of consumers of GIS software and 
spatial media. GIS cannot represent morphological structure with interactions between elements or 
typologies. CIM problematizes GIS as data structure, by conceptualising a more complex data 
structure than raster and vector data.  CIM like BIM should store information about cities in a 
hierarchical morphological structure of streets, lots, and building (as well as interactions street-lot, 
lot-lot, lot-building, street-building). The hierarchy in BIM is standardized as Industry Foundry 
Classes (IFC) data. IFC data shows a graph of all building elements in a room or on a building story 
as a numbered list. The GIS data structure includes geometric elements and shapes as classes defined 
by integers (as geospatial coordinates) and linked to a database with integer and string variables 
(raster data is integrated in the map as array of integers). There are two directions of CIM research. 
Gil (2020) reflects CIM in a context of digital tools for urban planning and design as convergences 
with GIS, BIM and CIM. The first direction of CIM argues for creating information models that 
derives from GIS and CIM software that generates urban designs (inspired by the shape grammars 
of George Stiny) [47] and the second stream develops CIM software as digital tool for urban 
designers based on practices [2-4]. Within the second direction the emphasis is also on drawing 
boards and morphogenesis of digital tools where GIS is dominating the practices, but also not fully 
integrated in city planning and urban design. In parallel, Kitchin [39] discusses 3D spatial media 
and advancements to 3D GIS. 
There are additional computational conceptualisations and data structures for hierarchical 3D 
modelling from the geospatial and geoinformatics branch and from video games and animated 
movies that use the concept of “scene graphs” in 3D modelling.  The Open Geospatial Consortium 
(OGC) is an international organization that emerged in the 1990s and developed open-source GIS 
software as an alternative to commercial packages such as ArcGIS by ESRI. OGL compiles a list of 
standards for geospatial data. Geography Markup Language (GML) and City Geography Markup 
Language (CityGML) utilizes markup to create a hierarchical (morphological) structure of 
geography and cities [48-52] with syntax inspired by HTML (HyperText Markup Language) and 
XML (Extensible Markup Language). XML is a markup language without predefined tags to use. 
Geographic Markup Language (GML) utilizes generic geometric elements (points, lines, and 
polygons defined by gml:coordinates) to create 3D geometry and assign textures. CityGML defines 
feature classes and attributes (e.g. CityObject/Building/BuildingPart/lod1Solid/Polygon/Surface). 
The hierarchy of the urban elements is created in the markup code with xlink:href. The 3D geometry 
of the city is represented at various Levels of Detail (LOD0 to LOD4). CityGML uses generic city 
objects and generic attributes that can be extended with additional attributes within the markup code 
hierarchy. The generic elements are Building, CityFurniture, CityObjectGroup, LandUse, Relief, 
Transportation, Vegetation and WaterBody [50] and they do not correspond to the morphological 
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structure of cities. Secondly, the markups for the object in CityGML are very long and the 
parameters of the objects are lost in the extensive description of classes. CityJSON emerged as a 
more concise alternative to CityGML. CityJSON is a data exchange format for digital 3D models of 
cities and landscapes that is a JavaScript Object Notation (JSON)-based encoding of CityGML. The 
aim of CityJSON is to offer an alternative to the GML encoding of CityGML, which can be extensive 
and complex to read and manipulate. CityJSON aims to be easy-to-use, both for reading datasets 
and for creating them. CityJSON is designed with programmers in mind with JavaScript being 
concise and popular programming language particularly for browser content and the Internet. The 
third popular standard of OGC is 3D Tiles that link to development of WebGL and glTF for video 
games in the 2010s. WebGL is a JavaScript framework designed for rendering interactive 2D and 
3D graphics within web browsers. It creates possibilities to develop 2D and 3D video games in 
browsers, but it also allows to model architecture and cities. glTF is the standard file format for 3D 
scenes and models (as scene graphs). WebGL and glTF were developed and are maintained and 
updated by the Khronos Group, a consortium of IT companies that work with computer graphics. 
3D Tiles is a standard for 3D geospatial datasets such as point clouds, buildings, and 
photogrammetry. Built on glTF and other 3D data types, 3D Tiles is a streamable, optimized format 
designed to tap the potential of 3D geospatial data. 3D Tiles is maintained and updated by Cesium, 
a private company. WebGL, glTF and 3D Tiles are all JSON based frameworks. There is also 
Universal Scene Description (USD) framework for interchange of 3D computer graphics data that 
was adopted by nVIDIA, the giant in production of computer graphics processors or Graphical 
Processing Units (GPU). USD was developed by Pixar as format to exchange 3D data for animated 
movies from various sources and it borrows syntax from LISP (an abbreviation of “list processing”). 
USD uses definitions such as “def Xform "Parent"” and “def Mesh "Child1"” within in large 
brackets {} to create a scene graph of objects (meshes, forms, cameras, animation paths, etc.) in a 
3D scene. LISP creates hierarchical data structure by placing objects/classes in brackets. Every 
object/class in the brackets is a subordinate e.g. (parent (child)). To define a morphological structure 
of cities, the syntax would be: city1(neighborhood1(street1(lot1(building1, building 2…))))). 
The digital tools for urban planning and development emerged in the 1960s and since the 1990s, 
computers are widespread in public administrations and businesses that work with urban 
development (as in any office work). In the architect’s office, the drawing board, T-square, and 
triangles, were replaced by computers with large screens, CAD and BIM apps (often supported by 
2D and 3D modelling software), a mouse and a keyboard as Douglas Engelbart envisioned the office 
of the future in the 1960s. One difference is that Engelbart’s idea was to have working stations, 
interfaces that link to a mainframe computer/cloud as ICT system. Today in the offices there are 
personal computers that are networked and sometime use cloud services to network teammates, but 
the processing is decentralized in many microcomputers (as architects grew accustomed to 
individualized CAD and BIM apps, often off the cloud). In the planner’s office the computers are 
mostly used for preparing documentation and word processing, and the GIS software is typically 
used in the land cadastre and GIS divisions of public authorities and municipality. Architects and 
urban designers can sit in planner’s offices and use CAD, BIM, and GIS software to draw 
masterplans, but the apps need to be adapted to the practices, or the urban design solutions must fit 
the conceptual frameworks and data structure of points, lines, and polygons (that works just for 2D 
masterplans). 

4. BEYOND THE MASTERPLAN 

Urban designers as practitioners must deliver drawings and illustrations of cities and develop design 
codes or guidelines at various stages of planning and urban design. They conventionally use 
traditional design skills like hand drawing or creating scale models and many urban designers remain 
reluctant to digitization because it is more difficult to draw with a mouse. The mouse behaves 
differently on the screen. Small quick movements speed the movement of the cursor, whereas pencil 
in the hand has a uniform movement speed. The grab of the mouse is not as precise as pencil and 
paper.  Urban designers collaborate with public authorities, private developers, and citizens on 
coordination meetings, planning workshops and design charrettes, sit around a table, sketch, cut 
cardboards, make scale models of buildings, and place them on the map. The knowledge and 
expression of urban designers is diagrammatic [53]. Urban designers not only mix imagery, 
typologies, diagrams, and mapping in analysing and designing cities, but they develop 
representations and notations. Kevin Lynch created mental maps with urban elements. Gordon 
Cullen devised notations and symbologies to describe the experience of urban space. Jan Gehl, [54-
55] inspired by proxemics research [56-57] illustrated personal spaces with images at various 
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distances and developed diagrams for analysing human perception between buildings (accentuating 
street profiles). Street frontages as collages of building façades are also typically analysed by urban 
designers [58-61]. Urban designers in practice commonly combine theories and representations for 
urban analyses. 
Following these eclectic traditions of urban designers, the CIM framework seeks to go beyond the 
masterplan and complement it with additional drawing boards that includes a 2D distorted 
representation of street space surrounded by street profiles and street frontages. Figure 2A shows 
the hierarchical structure of cities: streets and their layout, plots and their aggregation in blocks, 
buildings, and land uses as building utilization [13]. Figure 2A highlights the visually perceivable 
elements in the morphological structure and Figure 2B shows the corresponding representations 
(plans, street frontages or building elevations and street profiles that become axonometries). Urban 
designers shift between the building view conventionally described with urban sketches or 
photographs (Figure 2C1) and a top view of maps and master plans (Figure 2C2). The Italian typo-
morphological tradition analyses the city as a network of routes and streets and typologies of 
buildings (including building plans and façades, [8]). The buildings and plots adjacent to routes and 
streets on plan create a townscape in three dimensions as an envelope viewed from above revealing 
the building façades (Figure 2C3). The 3D-to-2D diagrammatic projection of the urban (space) 
envelope creates an urban experience of a flâneur standing on the street corner observing an aural 
townscape in 360 degrees. The urban envelope allows an analysis of the interaction between the 
streets and squares with the surrounding buildings and the design of these interactions. The street 
frontage or the façade of the city block (called also pertinent strip, [8]) becomes an additional 
fundamental (edge) element of urban form (complementing the building footprint). Research in 
urban morphology focuses on elements as objects that are bounded with polygons (building and 
plots) or extend along axes (streets) while transitional edges such as sidewalks, urban façades, 
fences, etc. can be permeable, invisible, or dislocated (buildings by setback). These edges as 
transitional spaces between morphological elements often define the experiential character of urban 
space. 

 

Figure 2. From cognitive maps to perceptual urban (space) envelopes. 
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Masterplans are the standard to communicate urban design. Figure 3A shows a typical masterplan 
with conventional zoning and land uses. The drawing boards for plans are tables with T-squares and 
triangles in the architectural studio or a digital window with drawing aids in CAD and GIS. To 
complement masterplans, urban designers develop design codes and guidelines, based on building 
or street typologies (Figure 3B). The design codes and guidelines reduce the emphasis on land uses, 
which often change rapidly, and emphasize the forms of buildings and streets, which are more rigid 
and long-lasting. They range from strict codes that regulate architectural details to advisory 
guidelines aiming to educate planners, design consultants and developers about good design 
principles or specific design objectives [21]. Figure 3C conceptually illustrates the urban envelope 
as an assembly of building façades and street profiles describing visual townscapes as aural 
projections and a design board for urban designers complementary to the master plan. It can be used 
to design street segments in Figure 3C1, intersections (nodes) in Figure 3C2 or squares (public space 
surrounded by buildings) in Figure 3C3. City Information Modelling (CIM) software is currently 
programmed based on the urban envelope conceptualization to enable the design or redesign of 
townscapes [2-4]. The CIM software will utilize cadastral maps from GIS and masterplans to create 
urban envelopes depicting townscapes procedurally in interaction with actors and stakeholders. 
Computer technology allows for the visualization of townscapes by the automatic creation of 3D 
city models from GIS data and cadastral maps (referred to as procedural modelling). CIM is 
conceived as an addition to GIS and the software includes a toolbox with morphological and 
typological elements described in FBCs, design codes and guidelines. Urban designers typically 
focus on street frontages by creating collages of building façades, showing images, or analysing 
movement on sidewalks [59-62], or the spaces between the buildings (Gehl, [55-56], uses diagrams 
of humans in a street profile). The urban (space) envelope allows work with building and street types 
as a (digital) drawing board and it combines two representations of urban spaces, the street frontage 
and street profile in one drawing board (Figure 2C). 
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Figure 3. Beyond masterplans- Urban (space) envelopes complement urban design drawing 
boards. 

5. THE PLANNERS’ OFFICE OF THE FUTURE (CONCLUSIONS) 

Hardware and software intertwine with buildings, streets, even human bodies, seeking to digitalize 
society and create “smart homes” and “smart cities”. CIM framework thought evolution of the 
architects’ and the planners’ office, the history, and new trends in digitalization of urban planning 
and design from a perspective of urban designer and morphological structure of cities. The CIM 
software aims to contribute to increased use of digital tools among urban planners and designers. 
The smart city has many names (“informational city”, “invisible city”, “city of bits”, “computable 
city”, “programmable city”, etc.) and similarly the architects, urban planners and designers can be 
“digital”, “augmented”, “automated”, etc. However, urban planners and designers remain reluctant 
to digitalization similarly as historical cities are rigid to smart technologies. Almost every city has 
smart city or sustainable neighborhood experiment and many fail to reach digitalization and 
sustainability goals facing the established urbanist practices and rigidity of historical urbanity 
(Cugurullo, 2021, refers to these urban experiments as “Frankenstein urbanism”). The digital tools 
for urban planners and designers such as CAD and GIS, unlike the smart sustainable experiments 
that seek to intertwine the newest ICT in cities, they rely on proven IT concepts from computer 
graphics and databases to keep a dominant position. They suffice to draw 2D masterplans. The new 
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generation of hierarchical urban models such as CityGML, CityJSON, 3D Tiles, etc. and new 
conceptualizations in video games and animation movies such as WebGL and glTF, UDC, etc., offer 
a great opportunity to develop a new generation of CIM if they integrate morphological theory and 
develop software for design of urban environments in 3D. The standards first need to align their 
hierarchy of urban elements in 3D with morphological theory. Without software that utilizes 
CityGML, CityJSON, 3D Tiles, etc. and links to the cadastral data and GIS it will be impossible to 
influence urban designer practices. In the end, digitalization must incorporate sustainability concerns 
in cities and allow to integrate models that assess environmental, economic, and social aspects and 
contribute to sustainable development. 

ACKNOWLEDGEMENTS 

The research in this paper was supported by the Swedish Energy Agency (Energi myndigheten). The 
author would also like to thank the organizers of STEPGRAD conference for the invitation to have 
a keynote on urban morphology, digitalization of urban planning and design, computational urban 
design and City Information Modeling (CIM) 

LITERATURE  

[1] C. Legner et al., “Digitalization: Opportunity and Challenge for the Business and Information 
Systems Engineering Community,” Business & Information Systems Engineering, vol. 59, no. 
4, pp. 301–308, Jul. 2017. 

[2] T. Stojanovski, “City information modeling (CIM) and urbanism: Blocks, connections, 
territories, people and situations,” in Symposium on Simulation for Architecture and Urban 
Design, 2013, pp. 1–8. 

[3] T. Stojanovski, “City information modelling (CIM) and urban design: morphological structure, 
design elements and programming classes in CIM,” in Education and research in Computer 
Aided Architectural Design in Europe, 2018, pp. 507–516. 

[4] T. Stojanovski, J. Partanen, I. Samuels, P. Sanders, and C. Peters, “Viewpoint: City Information 
Modelling (CIM) and Digitizing Urban Design Practices,” Built Environment, vol. 46, no. 4, 
pp. 637–646, Dec. 2020, doi: https://doi.org/10.2148/benv.46.4.637. 

[5] A. V. Moudon, “Urban Morphology as an Emerging Interdisciplinary Field,” Urban 
Morphology, vol. 1, no. 1, Art. no. 1, 1997. 

[6] E. Talen, “Urban design reclaimed: Tools, techniques, and strategies for planners,” 2009. 
[7] M. Southworth, “Learning to Make Liveable Cities,” Journal of Urban Design, vol. 21, no. 5, 

pp. 570–573, Sep. 2016, doi: https://doi.org/10.1080/13574809.2016.1220152. 
[8] Gianfranco Caniggia and Gian Luigi Maffei, Architectural Composition and Building 

Typology : Interpreting Basic Building. Firenze Alinea, 2001. 
[9] A. Alcock, Responsive environments: A manual for designers. Architectural Press, 1987. 
[10] R. Hayward, Making better places: urban design now. Elsevier, 2013. 
[11] S. McGlynn and I. Samuels, “The funnel, the Sieve and the template: Towards an Operational 

Urban Morphology,” Urban Morphology, vol. 4, no. 2, pp. 79–89, Aug. 2000, doi: 
https://doi.org/10.51347/jum.v4i2.3872. 

[12] A. Duany and E. Talen, “Transect Planning,” Journal of the American Planning Association, 
vol. 68, no. 3, pp. 245–266, Sep. 2002, doi: https://doi.org/10.1080/01944360208976271. 

[13] K. Kropf, The handbook of urban morphology. West Sussex, Uk: Wiley, 2017. 
[14] K. A. Franck, “Types are us,” in Ordering space: Types in architecture and design, New York, 

USA: Van Nostrand Reinhold, 1994, pp. 345–372. 
[15] D. A. Schön, “Designing: Rules, types and worlds,” Design Studies, vol. 9, no. 3, pp. 181–190, 

Jul. 1988, doi: https://doi.org/10.1016/0142-694x(88)90047-6. 
[16] J. W. Robinson, “The Question of Type,” in Ordering space: Types in Architecture and Design, 

New York, USA: Van Nostrand Reinhold, 1994, pp. 179–194. 
[17] S. Marshall and O. Çalişkan, “A Joint Framework for Urban Morphology and Design,” Built 

Environment, vol. 37, no. 4, pp. 409–426, Dec. 2011, doi: 
https://doi.org/10.2148/benv.37.4.409. 

[18] M. Southworth and Eran Ben-Joseph, Streets and the Shaping of Towns and Cities. 
Washington, Dc: Island Press, 2003. 

[19] B. J. Eran, The Code of the City. MIT Press (MA), 2005. 
[20] M. Carmona, S. Marshall, and Q. Stevens, “Design codes: their use and potential,” Progress in 

Planning, vol. 65, no. 4, pp. 209–289, May 2006, doi: 
https://doi.org/10.1016/j.progress.2006.03.008. 



 
28 PROCEEDINGS OF INTERNATIONAL CONFERENCE ON CONTEMPORARY THEORY AND PRACTICE IN CONSTRUCTION XVI 

 
 
 
[21] D. Walters, Designing community : charrettes, master plans and form-based codes. Amsterdam 

; London: Elsevier/Architectural Press, 2007. 
[22] E. Talen, “Zoning for and against Sprawl: the Case for Form-Based Codes,” Journal of Urban 

Design, vol. 18, no. 2, pp. 175–200, May 2013, doi: 
https://doi.org/10.1080/13574809.2013.772883. 

[23] M. Castells, The informational city : information technology, economic restructuring, and the 
urban-regional process. Oxford: Basil Blackwell, 1991. 

[24] M. Castells, The Rise of the Network Society [electronic resource] : The Information Age: 
Economy, Society, and Culture Volume I. Wiley Uuuu-Uuuu, 2001. 

[25] M. Batty, “Invisible cities,” Environment and Planning B: Planning and Design, vol. 17, no. 
2, pp. 127–130, 1990. 

[26] M. Batty, “Virtual geography,” Futures, vol. 29, no. 4–5, pp. 337–352, May 1997, doi: 
https://doi.org/10.1016/s0016-3287(97)00018-9. 

[27] M. Batty, “The computable city,” International Planning Studies, vol. 2, no. 2, pp. 155–173, 
Jun. 1997, doi: https://doi.org/10.1080/13563479708721676. 

[28] M. Batty, “Artificial intelligence and smart cities,” Environment and Planning B: Urban 
Analytics and City Science, vol. 45, no. 1, pp. 3–6, Jan. 2018, doi: 
https://doi.org/10.1177/2399808317751169. 

[29] M. Batty, “Defining smart cities,” in The Routledge companion to smart cities Routledge, 
London, UK: Routledge, 2020. 

[30] W. J. Mitchel, City of bits : space, palce and the infobahn. Cambridge, Massachusetts: Mit 
Press, 1997. 

[31] W. J. Mitchell, E-topia : “Urban life, Jim--but not as we know it.” Cambridge, Ma: Mit Press, 
1999. 

[32] W. J. Mitchell, Me++:The cyborg self and the networked city. MIT Press, 2004. 
[33] S. Graham and S. Marvin, Telecommunications and the City. Informa, 2002. doi: 

https://doi.org/10.4324/9780203430453. 
[34] R. Kitchin and M. Dodge, Code / space : software and everyday life. Cambridge, Ma: Mit Press, 

2014. 
[35] R. Kitchin, “The Programmable City,” Environment and Planning B: Planning and Design, 

vol. 38, no. 6, pp. 945–951, Jan. 2011, doi: https://doi.org/10.1068/b3806com. 
[36] R. Kitchin, “The Timescape of Smart Cities,” Annals of the American Association of 

Geographers, vol. 109, no. 3, pp. 775–790, Mar. 2019, doi: 
https://doi.org/10.1080/24694452.2018.1497475. 

[37] R. Kitchin, G. W. Young, and O. Dawkins, “Planning and 3D Spatial Media: Progress, 
Prospects, and the Knowledge and Experiences of Local Government Planners in Ireland,” 
Planning Theory & Practice, vol. 22, no. 3, pp. 349–367, May 2021, doi: 
https://doi.org/10.1080/14649357.2021.1921832. 

[38] C. Martin, J. Evans, A. Karvonen, K. Paskaleva, D. Yang, and T. Linjordet, “Smart-
sustainability: A new urban fix?,” Sustainable Cities and Society, vol. 45, pp. 640–648, Feb. 
2019, doi: https://doi.org/10.1016/j.scs.2018.11.028. 

[39] Y. Rydin, “Re-Examining the Role of Knowledge Within Planning Theory,” Planning Theory, 
vol. 6, no. 1, pp. 52–68, Mar. 2007, doi: https://doi.org/10.1177/1473095207075161. 

[40] B. A. Ricker, “GIS,” in Understanding Spatial Media, Los Angeles: Sage Publications, 2017. 
[41] B. A. Ricker, P. R. Rickles, G. A. Fagg, and M. E. Haklay, “Tool, toolmaker, and scientist: 

case study experiences using GIS in interdisciplinary research,” Cartography and Geographic 
Information Science, vol. 47, no. 4, pp. 350–366, May 2020, doi: 
https://doi.org/10.1080/15230406.2020.1748113. 

[42] S. Openshaw, “A View on the GIS Crisis in Geography, or, Using GIS to Put Humpty-Dumpty 
Back Together Again,” Environment and Planning A: Economy and Space, vol. 23, no. 5, pp. 
621–628, May 1991, doi: https://doi.org/10.1068/a230621. 

[43] E. M. Jackson, “A challenge to the extended mind hypothesis,” Dissertation, University of 
Glasgow, 2018. 

[44] A. Clark, Natural-born cyborgs : minds, technologies, and the future of human intelligence. 
Oxford: Oxford Univ. Press, 2003. 

[45] J. C. R. Licklider, “Man-Computer Symbiosis,” IRE Transactions on Human Factors in 
Electronics, vol. HFE-1, no. 1, pp. 4–11, Mar. 1960, doi: 
https://doi.org/10.1109/thfe2.1960.4503259. 

[46] I. E. Sutherland, “Sketchpad a man-machine graphical communication system,” Doctoral 
Thesis, Massachusetts Institute of Technology, Cambridge, USA, 1963. 



 
29 PROCEEDINGS OF INTERNATIONAL CONFERENCE ON CONTEMPORARY THEORY AND PRACTICE IN CONSTRUCTION XVI 

 
 
 
[47] J. Gil, “City Information Modelling: A Conceptual Framework for Research and Practice in 

Digital Urban Planning,” Built Environment, vol. 46, no. 4, pp. 501–527, Dec. 2020, doi: 
https://doi.org/10.2148/benv.46.4.501. 

[48] T. H. Kolbe and G. Gröger, “Towards unified 3D city models,” in Proceedings of the Joint 
ISPRS Commission IV Workshop on Challenges in Geospatial Analysis, Integration and 
Visualization II in Stuttgart, 2003. 

[49] T. H. Kolbe, G. Gröger, and L. Plümer, “CityGML: Interoperable Access to 3D City Models,” 
Geo-information for Disaster Management, pp. 883–899, 2005, doi: https://doi.org/10.1007/3-
540-27468-5_63. 

[50] T. H. Kolbe, “Representing and Exchanging 3D City Models with CityGML,” Lecture Notes 
in Geoinformation and Cartography, pp. 15–31, 2009, doi: https://doi.org/10.1007/978-3-540-
87395-2_2. 

[51] G. Gröger, T. H. Kolbe, C. Nagel, and K. H. Häfele, OGC City Geography Markup Language 
(CityGML) Encoding Standard. 2012. 

[52] [52]G. Gröger and L. Plümer, “CityGML – Interoperable semantic 3D city models,” ISPRS 
Journal of Photogrammetry and Remote Sensing, vol. 71, pp. 12–33, Jul. 2012, doi: 
https://doi.org/10.1016/j.isprsjprs.2012.04.004. 

[53] K. Dovey and E. Pafka, “The science of urban design?,” URBAN DESIGN International, vol. 
21, no. 1, pp. 1–10, Dec. 2015, doi: https://doi.org/10.1057/udi.2015.28. 

[54] J. Gehl, Livet Mellem Husene, 8th ed. Danish Architectural Press, 2023. 
[55] J. Gehl, Life between Buildings : Using Public Space. New York: Van Nostrand Reinhold, 

1987. 
[56] E. T. Hall, THE SILENT LANGUAGE, no. 1. New York: Greenwich, Conn., Fawcett 

Publications Inc., 1959, pp. 71–71. doi: https://doi.org/10.1177/002076406100800113. 
[57] E. T. Hall, The Hidden Dimension. New York, USA: Anchor, 1969. 
[58] D. Appleyard, Liveable streets. Berkeley, University of California Press, 1981. 
[59] V. Mehta, “Lively Streets,” Journal of Planning Education and Research, vol. 27, no. 2, pp. 

165–187, Dec. 2007, doi: https://doi.org/10.1177/0739456x07307947. 
[60] V. Mehta and J. K. Bosson, “Revisiting Lively Streets: Social Interactions in Public Space,” 

Journal of Planning Education and Research, vol. 41, no. 2, p. 0739456X1878145, Jun. 2018, 
doi: https://doi.org/10.1177/0739456x18781453. 

[61] E. Talen and H. Jeong, “Does the classic American main street still exist? An exploratory look,” 
Journal of Urban Design, vol. 24, no. 1, pp. 78–98, Feb. 2018, doi: 
https://doi.org/10.1080/13574809.2018.1436962. 

 
 




