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Abstract: Smart Cities (and Smart Precincts) entails the digital interconnection of a vast array of objects. 
These objects include smart buildings and smart infrastructure – digital twins – and their components. 
Rather than starting from scratch, those involved in the development of standards for Smart Cities are 
looking to the development of standards for building information modelling (BIM) for guidance. The UK is 
widely regarded as having set the framework for standardisation in its push towards BIM Level 2 for rollout 
in 2016, with the result that many of its standards are being adopted internationally. 

One such standard is the classification system, Uniclass 2015, which is being adopted in Australia. 
Smart Cities does not have such a classification system. Uniclass 2015 is a good candidate as it already 
covers object classes from Complexes down to Products, across all sectors (buildings, landscapes, civil 
engineering, process engineering). However, it needs to be extended to properly serve Smart Cities. It 
particularly needs coherent tables for Regions (including cities) and Districts (including precincts). In this 
paper some specific proposals for these two tables are made. 

Keywords: Classification; Uniclass 2015; Smart Cities; Smart Precincts. 

1. Introduction
The Smart Cities Council (2020a) defines a Smart City as “one that has digital technology embedded across 
all city functions”, though there are multiple other definitions for the concept (Albino et al, 2015). A vast 
range of object types is interconnected digitally, as it is for building information modelling (BIM) and 
building management systems (BMS) (Gerrish et al, 2017). 

Those involved with Smart Cities are exploring standardisation (Le, 2019). The digital modelling of 
Smart Cities builds on BIM standards (Smart Cities Council, 2017; Beck, 2020). SMC’s Centre for Data 
Leadership held a Digital Twin Standards Discovery Session in July 2020. This addressed lessons to be 
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learned from BIM when creating Digital Twin standards, what government needs from such standards, 
what standards-building approach might be adopted and who should lead the development of these 
standards (Beck, 2020). 

In Australia the Standing Committee on Infrastructure, Transport and Cities recommended “the 
development of standards for the collection and management of infrastructure related data, including 
metadata standards; and an objects library” (SCITC, 2016; 105). The adoption of a single classification 
system was a part of the Committee’s deliberations (SCITC, 2016; 87-89). 

There have been a few papers on classification and Smart Cities, but they are not about the 
classification of the objects within a city that are digitally interconnected, which is what is being described 
here. Instead they are about the classification of Smart Cities themselves (Anthopoulos & Fitsilis, 2014), 
research into Smart Cities (Gupta et al, 2019), stakeholders in Smart Cities (van der Hoogen et al, 2019), 
pathways for Smart City development (Noori et al, 2020), application domains (Yin et al, 2015), or Smart 
City projects (Perboli et al, 2014). 

The development of a single classification system for objects to support Smart Cities is both innovative 
– one does not exist – and would provide a lasting contribution to the concept – one is needed. 

Developing a classification system that serves cities but not areas outside and between cities is a lost
opportunity. The Smart Cities concept itself must be extended – most of the land on the planet is not part 
of a city at all, though some of it may be regarded as part of the hinterland of cities. Smart Precincts is also 
a self-limiting term, as these are mostly seen as components of cities and come with the same limitations 
(Newton et al, 2017). More generic terms are needed so that the digital twin concept can be extended 
fully, e.g. to support Agriculture 4.0 (Austrade, 2019) or even climate modelling (Vaughan, 2020). The 
suggested terms are Districts and Regions. Their everyday usage (e.g. shopping district, agricultural region) 
is close to the specialist usage in classification proposed in this paper, and the terms can be applied equally 
to cities and geographic areas beyond cities. 

2. Modelling
BIM entails the creation of ‘digital twins’ of buildings and their components, but the concept can be 
extended both horizontally (e.g. to non-building Entities such as tunnels and landscaping), and vertically, 
e.g. to aggregations of buildings (Complexes). Modelling for BIM entails mapping ‘part-of’ relationships
up and down a coherent chain of object classes. For example, going down the chain, an ‘External wall’ (an 
Element) might comprise a ‘Masonry wall leaf system’ and other Systems, and this in turn comprises ‘Clay 
bricks’ and other Products. Going up the chain, an External wall, along with other Elements, might be a
part-of an Administrative building (an Entity), which in turn is a part-of an Administrative complex (Figure 
1). 

What do Complexes aggregate to? Complexes include the conventionally understood concept  of sites 
or properties, but they also include the linear or networked sites or properties that serve and support 
these conventional sites – the road, path and other transport and utility networks. The boundaries of 
specific Complexes are easy to define. A collection of such sites and networks is a District. Every bit of a 
District is assigned to one Complex or another. A District might be classed as retail, administrative, 
residential or industrial, or agricultural. The boundaries of a specific District (an  ‘instance’ of a District) 
might be hard to define, maybe even somewhat arbitrary, and so could be defined differently by different 
users. For example, the local Council might define them by zoning in the 
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Town Plan, whereas concepts such as Central Business District (CBD) will be adopted by the users of the 
town or city and may not entirely match Council zoning boundaries. Development agencies may have 
other views, in the form of Development Precincts (e.g. Brisbane Development, 2020). District boundaries 
are user-defined. 

 
 

 
Figure 1: Part-of vs Type-of relationships 

What do Districts aggregate to? The next step up in the model would be the Region, the city being one 
example. Regional boundaries would also be user-defined – when we talk about Adelaide in SA, do we 
mean the City of Adelaide council area, metropolitan Adelaide (Data SA, 2020) or the Greater Adelaide 
Region (DPTI, 2017)? All are legitimate regions from a classification point of view but are nested within 
each other. Regions may cut across District boundaries in some cases. 

Two points should be made here about modelling using these object classes. First, just as an 
Educational Complex, such as a University, will include non-Educational Entities (such as the admin 
building or the carpark), so a Residential District will include non-Residential Complexes, such as a  corner 
shop or a park, and of course the road network. The same sort of thing applies to Residential regions. 

Second, just as a Complex (or site) may comprise just one Entity (a single building that extends to all 
the site boundaries), so it is possible for a Region to contain just one District, and for a District to contain 
just one Complex. This concept applies right down the object hierarchy. A Garden wall (Element) might 
comprise just one system (Dry-stone wall system), which comprises just one product (Natural rubble 
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stone). In other words, a site (Complex) boundary could also be the boundary to a District, or even a 
Region. However, this one-to-one ‘part-of’ mapping will not be common. 

 

3. Uniclass 2015 
In contrast to modelling, classification is concerned with ‘type-of’ relationships. BIM (also known as Digital 
Engineering) is built on classification (Birchall, 2014). BIM tools such as COBie, buildingSMART’s open-BIM 
.ifc file types, Autodesk Revit, Graphisoft Archicad and NBS Chorus provide homes for classifications, and 
allow multiple classification systems to be used. In a classification system, each level in the object 
hierarchy – each object class – is served by a classification table. There will be tables for each of Products, 
Systems, Elements and so on (Figure 1). For example, in the Products table, Clay bricks are a type-of 
Masonry unit, along with Concrete blocks and AAC blocks. 

For Smart Cities, building on an existing classification that already serves BIM across all sectors 
(building, landscaping, civil engineering, process engineering) would be ideal, rather than developing a 
classification system from scratch. There are just two BIM-ready classification systems to choose from: 
the Swedish CoClass (Svensk Byggtjänst, 2020) and the UK’s Uniclass 2015 (NBS Enterprises Ltd, 2020). 
The North American OmniClass (CSI, 2020) is not BIM-ready (Gelder, 2013). None of these systems deals 
with large-scale objects such as precincts and cities – no construction classification system does. 

Uniclass 2015 has been adopted in Australia, in NSW and Victoria (Gelder, 2020) and in Queensland 
(QGCDG, 2020). Uniclass 2015 was recommended for adoption by NATSPEC in Australia and CIL in New 
Zealand (2018). It has also been adopted in Japan (Murase, 2020) and for projects in Malaysia (Collins, 
2020). More formal adoptions are expected. Because of these adoptions this paper focuses on the 
application of Uniclass 2015 to Smart Cities and beyond, rather than CoClass or OmniClass. 

Responding to the Digital Twin Standards Discovery Session (above), the UK government pushed the 
development of seven standards to support the roll-out of BIM Level 2 in 2016, including a single 
classification system that complied with ISO 12006-2:2015 and met a range of other competition criteria 
(SBRI & TSB, 2014). This use of a competition was an unusual approach and led to the completion of 
Uniclass 2015 by the winning consortium (led by NBS) and its subsequent UK adoption (Gelder, 2015a). 
Apart from Uniclass 2015, the PAS/BS 1192 series of standards is being adopted internationally, through 
conversion to the ISO 19650 series (UK BIM Framework, 2020). 

Uniclass 2015 includes tables for physical object classes from Complexes down to Products, as outlined 
above. These tables are designed to support BIM, in which Complexes are mapped to their component 
Entities, and vice versa. The Uniclass 2015 object class hierarchy is shown in Figure 2. The two dashed 
tables do not yet exist in Uniclass 2015. Both are needed if the classification system is to fully support 
Smart Cities and Smart Precincts. They are also needed to support the merge of BIM and geographic 
information systems (GIS), in practice and through standardisation (Andrews, 2018; ISO/DTR 23262.2, 
2020). This takes us outside the scope of ISO 12006-2:2015, which has Complexes as the highest-level 
physical object class. 

Particularly relevant to Smart Cities is the transport and utilities infrastructure content of Uniclass 
2015. This has been developed with the assistance of infrastructure agencies in the UK, and with Transport 
for New South Wales (TfNSW) in Australia. International industry engagement is key to the ongoing 
development and adoption of this classification system. 
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Figure 2: Uniclass 2015 object hierarchy. 

The basic principles of Uniclass 2015 are straightforward (Gelder, 2015b). One of them is congruence 
between tables where possible. The Complexes, Entities, Spaces and Activities tables are all congruent, 
being based on activities. For example, each table includes a Residential group (‘residential’ being an 
activity grouping), and this is Group 45 in every case. This simple concept can also be applied to tables for 
Districts and Regions. Indeed, applying this concept would generate these two tables in a very simple way, 
though some editing is needed to cull irrelevant items. That is, we would end up with Di_45 Residential 
districts, and Re_45 Residential regions. Table 1 shows the congruence between the Groups in the 
Complexes table, and in the proposed Districts and Regions tables. 
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Table 1: Proposed groups in the Districts and Regions tables. 

   Group Complexes (Co), Districts (Di), Regions (Re)  
20 Administrative, commercial and protective service 

 
25 Cultural, educational, scientific and information 

 
30 Industrial 

 
32 Water and land management 

 
35 Medical, health, welfare and sanitary 

 
40 Recreational 

 
42 Sport and activity 

 
45 Residential 

 
50 Waste disposal 

 
55 Piped supply 

 
60 Heating, cooling and refrigeration 

 
65 Ventilation and air conditioning 

 
70 Electrical power generation and distribution 

 
75 Communications, security, safety and protection 

 
80 Transport 

 
90 Circulation and storage 

 
 
 

We can see that there are some Districts and Regions that appear nonsensical, but that is not a 
problem. Those codes need never be used, though they would be retained as placeholders. However, it is 
surprising how often something that at first glance is nonsensical does exist in the real world. For example, 
the group Di_50 Waste disposal districts sounds unlikely. But if we look at the scale of geographic areas 
of land set aside for managing low-level nuclear waste (Feldblum, 2019), aircraft 
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‘boneyards’ (AMARC Experience, 2020) or landfill sites (NYC Department of Parks & Recreation, 2020), the 
concept is realistic. 

In any case, the object classes in Uniclass 2015 are scale neutral. Products are not always small simple 
things such as bricks or bolts. Some are large and complex, such as chillers. Some Entities are tiny (garden 
shed) and some are vast (such as Norman Foster’s 2004 Milau Viaduct, at 2460 m long). Likewise, Districts 
may be relatively small (often the case if we look at zoning maps) or huge, as may Regions. 

The concept of congruence illustrated in Table 1 at group level also applies below group level in 
Uniclass 2015. For example, in the Districts table we would have, in Group 20, Di_20_50_78 Shopping 
districts (Phillips, 2017) and Di_20_60_66 Navy districts (such as Fleet Base East in Sydney). In Group 25 
we would have Di_25_30_04 Astronomical observatory districts (such as the Siding Springs Observatory 
in NSW), and so on. These are each parallel to objects in the Complexes table, and to objects in the Regions 
table such as Re_25_30_04 Astronomical observatory regions (e.g. the Square Kilometre Array in WA). 

For Groups 50 to 80, we would need to introduce the concept of district networks and regional 
networks, to cover reticulated districts and regions. This has been sketched out by the author and diverges 
from the Complexes table. District examples would include Water distribution district  networks, Heating 
district networks, District narrow-gauge rail networks, District hiking ways, and Cable car networks. 
Examples for Regions are fewer and would include Electrical power transmission and distribution regional 
networks, Regional freight rail networks, Regional hiking ways (such as the Heysen Trail in SA), and 
Regional canal networks. These networks may manifest in part as easements on land supporting other 
activities. 

Finally, ISO 12006-2:2015 allows alternative tables for object classes. So, for Entities, the ISO proposes 
a table by function (as here) and a table by form. This is particularly relevant for Regions. In this proposal 
a city, with its suburbs, would be classed as a residential region. But other classifications for Regions are 
widely used, e.g. by climate type, soil type, vegetation type, susceptibility to flooding, land use, geology, 
language groups, production. These would require separate classifications, many of which already exist, 
such as the Köppen-Geiger classification for climate (Kottek et al, 2006), the Australian Soil Classification 
(Isbell & NCST, 2016) and the AIATSIS map of indigenous Australia for language groups (Horton, 1996). 
The Australian Land Use and Management Classification is focused on what most of the land is doing 
(production) rather than on what most of the people are doing (activities) (ABARES, 2016). However, it 
would provide a useful check and balance in the development of the proposed tables. The point here is 
that a given area of land could have multiple regional classifications, activity (through Uniclass 2015) being 
just one. 

 

4. Some other issues 
In modelling using these tables, the object class is just the beginning. In each Region there may be different 
types of Shopping or Residential districts. For example, ‘Shopping district type A’ may be in the form of an 
undercover mega-mall, ‘Shopping district type B’ may be an open-air market, and ‘Shopping district type 
C’ may be in the form of a souk. There may also be more than one instance of these various types, often 
with their own proper names for this scale of object, such as Chadstone Shopping Centre in Victoria or, 
for a Residential district, the name of the suburb, such as Burnside in Adelaide. This trio of 
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class, type and instance is applied to modelling at all levels in the hierarchy, with Door systems being a 
familiar example at the Systems level. Smart Cities tools should support this trio, as BIM tools do. 

There are a couple of other object classes currently missing in Uniclass 2015 – Properties (highlighted 
in Gelder, 2018) and Vehicles (highlighted in Gelder & Pourazim, 2017). Work on the Properties table is 
underway. 

The classification of Vehicles is essential to Smart Cities, which is often focused on linking vehicles 
flowing through the city to the city’s vehicle control infrastructure, such as signalling systems. A challenge 
here is that some vehicles and buildings can be viewed as being on the same continuum, from fixed to 
mobile. For example, in the real world we have fixed residential entities (houses), transportable homes 
(no wheels or motive capability), caravans (wheels, but no motive capability), and mobile homes (wheels 
and motive capability). Do we treat these as a single entity class with a possible property of mobility (along 
with others such as temporary/permanent, custom-made/off the shelf), or do we classify each separately? 
If the latter, then we also need to allow for these variations for other entity classes, such as bridges or 
school buildings, potentially quadrupling the size of the classification system. We also have a possible 
conflict between the Tools and Equipment table in Uniclass 2015 for objects such as cranes. This requires 
careful thought to resolve. The general objective of Uniclass 2015 is to keep things simple – so it has Clay 
bricks, but not Hand-made clay bricks, Recycled clay bricks, Red clay bricks, Wire- cut clay bricks and so 
on. These other attributes are dealt with as properties and not used for classification. Mobility could be 
treated in the same way, as just another (potential) property of houses, bridges, school buildings, cranes 
and so on. Vehicles not on a ‘mobility continuum’ would need to be added to the relevant tables, along 
with the components of vehicles. 

 

5. Conclusion 
The creation of ‘digital twins’ at the scale of Smart Precincts and Smart Cities requires the development 
and implementation of standards, several which have been developed through the UK government’s 2016 
BIM mandate. Of these, some are being adopted internationally. One such is the UK’s standard 
classification system for the digital construction industry, Uniclass 2015 which is being adopted outside 
the UK, including in Australia. While it covers many object classes that would be of interest in the Smart 
Cities implementation of a digital twin, it does not yet include three key tables – Regions, Districts and 
Properties. 

These need to be developed. Just as TfNSW is engaged with NBS in the development of transport 
infrastructure content in Uniclass 2015, so SMC and other stakeholders in the development of Smart Cities 
and Smart Precincts could engage with NBS in the development of these proposed tables. 
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