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Motivation 

ÅDigital 3D building models increasingly used for e.g.: 
ÅConstruction planning, renovation, retrofitting 

Å(Automatic) taking of measurements 

ÅAcoustic or thermal simulations 

ÅLong-term facility management 
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Image from http://www.digital210king.org/ 



Motivation 
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ÅRequirements on the models, applications: 
ÅAnalysis and editing on a high level, e.g. moving walls 

ÅParameterization of elements, e.g. size of a wall or room 

ÅRelations between elements, e.g. wall/room adjacency 



Motivation  

ÅSuitable models often not available 
ÅEspecially for legacy building stock 

ÅUse 3D point clouds as starting point for modeling 

ÅModeling still largely manual & time-consuming 

Ҧ Automated reconstruction methods highly desirable 
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Related Work  

ÅActive field of research, many recent reconstruction approaches 

ÅFocus on reconstruction of separate surfaces or room volumes 

Ҧ Lack of decomposition into building elements όά²Ƙŀǘ ƛǎ ŀ ǿŀƭƭΚέύ 
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Our approach 



Related Work 

ÅSome methods employ a spatial partitioning and region labeling for 
finding a plausible room layout, e.g.: 
ÅOesau et al. 2014: άLƴŘƻƻǊ ǎŎŜƴŜ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ǳǎƛƴƎ ŦŜŀǘǳǊŜ ǎŜƴǎƛǘƛǾŜ ǇǊƛƳƛǘƛǾŜ ŜȄǘǊŀŎǘƛƻƴ ŀƴŘ ƎǊŀǇƘ-Ŏǳǘέ 

ÅTurner et al. 2014: άCŀǎǘΣ ŀǳǘƻƳŀǘŜŘΣ ǎŎŀƭŀōƭŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ǘŜȄǘǳǊŜŘ о5 ƳƻŘŜƭǎ ƻŦ ƛƴŘƻƻǊ ŜƴǾƛǊƻƴƳŜƴǘǎέ 

ÅMura et al. 2014*: ά!ǳǘƻƳŀǘƛŎ ǊƻƻƳ ŘŜǘŜŎǘƛƻƴ ŀƴŘ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴ ŎƭǳǘǘŜǊŜŘ ƛƴŘƻƻǊ ŜƴǾƛǊƻƴƳŜƴǘǎ ǿƛǘƘ ŎƻƳǇƭŜȄ ǊƻƻƳ ƭŀȅƻǳǘǎέ 
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* Image from Mura et al. 2014 



Related Work 

ÅShortcomings of previous approaches: 
ÅOƴƭȅ ǎŜǇŀǊŀǘŜŘ ǊƻƻƳǎ ƻǊ άǇŀǇŜǊ ǘƘƛƴέ ǿŀƭƭǎ ǇƻǎǎƛōƭŜ 

Åbƻ ƴƻǘƛƻƴ ƻŦ ǾƻƭǳƳŜǘǊƛŎ ǿŀƭƭǎ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǎǘǊǳŎǘǳǊŜΣ 
especially shared walls between adjacent rooms 
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Projected planes Partitioning Possible labelings 



Our Approach 

ÅStarting point: Registered 3D indoor point cloud scans 

ÅLabels: Ideally one per room (plus ŀƴ άƻǳǘǎƛŘŜέ ƭŀōŜƭύ 
ÅRooms unknown ς instead: One label for each scan 
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Our Approach 

ÅRefinement of initial segmentation given by separate scans 
ÅDiffusion process based on mutual visibility between point pairs 

ÅAlso automatically filters out clutter outside of the building 
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Our Approach 

ÅDetection of vertical planes (RANSAC) 

ÅTransfer into horizontal plane 

ÅGeneration of piecewise-linear partitioning 

CAD/Graphics 2015 26-28 August, Xi'an China 10 

? 



Our Approach 

ÅGenerate candidates for walls (incl. estimated thickness) from 
detected vertical planes 

ÅEdges of partitioning are centerlines of (potential) walls 
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Projected planes Potential wall structures 



Our Approach 

ÅGenerate edges for each single surface and pairs of parallel surfaces 

ÅEdges are wall centerlines instead of wall surfaces 

ÅEach edge attributed with (scalar-valued) wall thickness 
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Our Approach 

Å!ŦǘŜǊ άǎǳƛǘŀōƭŜέ ƭŀōŜƭƛƴƎΥ /ƻƴƴŜŎǘŜŘ ƎǊŀǇƘ ƻŦ ǾƻƭǳƳŜǘǊƛŎ ǿŀƭƭ 
ŜƭŜƳŜƴǘǎ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǎǘǊǳŎǘǳǊŜ 
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Potential wall structures Region labeling Resulting wall graph 



Our Approach 

ÅWe now have point labels and the partitioning: 
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Ҧ How to determine a suitable labeling of the partitioning cells? 



Our Approach 
ÅLabeling optimization as cost minimization problem: 
ʅ(Unary costs for assigning each room label to a region) + 

ʅ(Binary costs for assigning a pair of labels to adjacent regions) Ҧ min. 
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Our Approach 

ÅMinimizing the sum of labeling costs yields the desired labeling 
ÅGraph multi-labeling problem solved using algorithm by Boykov et al. 

ÅEdges between differently labeled regions are walls 
ÅRoom heights estimated from horizontal planes in the data 
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Opening detection & classification 

ÅFurther enrichment the resulting model 
ÅDetect openings, i.e. doors and windows 

ÅClassification by means of supervised learning 
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Multiple scans within a room 

ÅIn case of multiple scans within a room, implausible walls 
are removed in a post-processing step 
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Results 

ÅExperiments on a variety of real-world point cloud datasets 
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Results 
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ÅTested with up to 67 scans, 22.7m points, about 8.5 minutes 


