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ABSTRACT: Semantic and geometric enrichment of 3D geo-spatial building models 

with captioned photos and labelled illustrations 

Currently 3D building models do not provide much if any descriptive information associated 

with their geometry (Jones et al., 2014).  Consequently users of mobile and desktop 

applications which make use of such models are unable to obtain information about the 

architectural features, origins and material properties of the buildings.  This research plans to 

enrich 3D models with annotations from object-specific descriptions from photo captions and 

corresponding plans and diagrams. 

With rich semantic content available imagine a mobile application which allows the user to 

explore a city, neighbourhood or building via augmented reality learning of important cultural 

heritage and architectural features through superimposed annotations.  Or as a practitioner 

of the emergent field of Building Energy Modelling (BEM) being able to model building 

energy loss across entire neighbourhoods or cities using a model attributed with building 

material.  Or as a radio network planner using that material information to produce a more 

refined planning model which takes account of the variation in radio wave attenuation by 

material (de Fornel and Sizun, 2006) thus enabling the most effective placement of the 

smallest number of transceivers for the best radio coverage. 

The enrichment will be facilitated through the use of feature detection and matching 

techniques from the field of computer vision such as SIFT (Lowe, 2004).  Feature (or 

keypoint) matching will be achieved by obtaining correspondence between the texture maps 

on the surfaces of the existing 3D building models and the supplementary captioned photos, 

such as those on Flickr.  See Figure 1.  Computer vision template matching allied to 

machine learning techniques such as mutual information (Walter and Fritsch, 1999) or 

Bayesian learning (Jones et al., 1999) may be used to identify objects within the texture 

maps.  This matching will present opportunities to enrich the geometry of the building model. 

  

 

 

Figure 1 
 
(a) Keypoint matching between a Flickr image of Big Ben (on the right) and 
the texture map imagery of a 3D model of the Houses of Parliament that 
includes Big Ben (on the left).  Inlier matches are coloured as red lines and 
outliers as dashed cyan lines. 
 
(b) The 3D texture-mapped model of the Houses of Parliament in which 
the convex hull region of the matching inlier key points is highlighted in red. 
Caption text that mentions clock can be linked to this region. 

(b) (a) 
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Should floor plans of the building be available then vectorisation, 2D-3D conflation with the 

3D models and OCR text extraction from the plans would provide the potential for enriching 

building interiors. 

Once a match is achieved then the object annotation can be placed in to the building model.  

Subsequent research may also include the use of natural and spatial language processing to 

optimally locate the captions. 
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