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IntroductionIntroduction

 Fill arbitrary container compactly with Fill arbitrary container compactly with 
arbitrarily­shaped tiles of similar colorarbitrarily­shaped tiles of similar color

 Deform tiles slightly for effectDeform tiles slightly for effect

Figure 1 from Kim and Pellacini
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MotivationMotivation

 Arcimboldo, Renaissance Italian PainterArcimboldo, Renaissance Italian Painter

Vertemnus Seasons
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Related workRelated work

 PhotomosaicsPhotomosaics
– Finkelstein and Range '98Finkelstein and Range '98
– Silvers and Hawley '97Silvers and Hawley '97

 Images in rectangular gridImages in rectangular grid

Dog of beer
Shining shot composed of
various actors 
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Related workRelated work
 Simulated Decorative MosaicsSimulated Decorative Mosaics

– Hausner '01Hausner '01
 Align square tiles with varying orientations to Align square tiles with varying orientations to 

preserve edges and maximise coveragepreserve edges and maximise coverage

Figure 2 from paper
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Related workRelated work
 EscherizationEscherization

 Kaplan and Salesin '01Kaplan and Salesin '01

Regular dog tilings
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OverviewOverview

 Packing problem is NP­hardPacking problem is NP­hard
 Energy­based framework generalizes Energy­based framework generalizes 

known algorithmsknown algorithms
 Energy­minimization algorithm for solving Energy­minimization algorithm for solving 

mosaicing 'soft' packing problemmosaicing 'soft' packing problem
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Preparing inputsPreparing inputs

 Input:Input:
– Container imageContainer image
– Set of arbitrarily shaped tilesSet of arbitrarily shaped tiles
– Shape of tiles and container as polygonsShape of tiles and container as polygons

 Preprocessing:Preprocessing:
– Automatic segmentationAutomatic segmentation
– Segment input image to retain edgesSegment input image to retain edges
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Mosaicing Energy FrameworkMosaicing Energy Framework

 Tile configuration:Tile configuration: subset of input tiles +  subset of input tiles + 
transformationstransformations

 JIMJIM when minimizes energy function when minimizes energy function

C – color difference
G – gap
O – overlap
D – deformation

Can make Photomosaics and Simulated Decorative Mosaics
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Energy EvaluationEnergy Evaluation

– Ec – L­squared color difference 
– Eg – gap – spring energy formula 
– Eo – overlap 
– Ed ­ deformation

Figure 3 from Kim and Pellacini
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Energy EvaluationEnergy Evaluation

Figure 3 from Kim and Pellacini
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Basic AlgorithmBasic Algorithm

 Three phasesThree phases
– PackingPacking
– Refine and deformRefine and deform
– Assemble and adjustAssemble and adjust

Figure 4 from Kim and Pellacini
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Basic AlgorithmBasic Algorithm
 PackingPacking

– Ignore deformationsIgnore deformations
– Search database, one tile at a timeSearch database, one tile at a time
– Position and locationPosition and location
– BacktrackingBacktracking
– New container = old container – shape of tileNew container = old container – shape of tile

Figure 5 from Kim and Pellacini
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BacktrackingBacktracking

Figure 6 from Kim and Pellacini
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Basic AlgorithmBasic Algorithm
 RefineRefine

– Deform to reduce gaps and overlapsDeform to reduce gaps and overlaps
– To minimize energy, solveTo minimize energy, solve

Figure 7 from Kim and Pellacini
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Basic AlgorithmBasic Algorithm
 RefineRefine

– Use active contours to solveUse active contours to solve
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OptimizationsOptimizations
 ComplexityComplexity

 We can improve thisWe can improve this
– Tile placementTile placement
– Branch­and­bound with lookaheadBranch­and­bound with lookahead
– Container cleanupContainer cleanup
– Geometric hashingGeometric hashing
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OptimizationsOptimizations
 Tile placementTile placement

– Smarter – easier after placementSmarter – easier after placement
– Guess container after 'average' tileGuess container after 'average' tile
– Achieved by constructing Centroidal Voronoi Achieved by constructing Centroidal Voronoi 

DiagramDiagram

Figure 8 from Kim and Pellacini
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OptimizationsOptimizations

 Branch­and­bound with look­aheadBranch­and­bound with look­ahead
– Penalize tiles that make filling more difficultPenalize tiles that make filling more difficult
– Add term to energy equation:Add term to energy equation:
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OptimizationsOptimizations

 Container cleanupContainer cleanup
– After update, there are jagged or disjoint edges After update, there are jagged or disjoint edges 

in containerin container
– Separate and consider as gapsSeparate and consider as gaps
– How does this help?How does this help?



McGill COMP-767 Winter 2005McGill COMP-767 Winter 2005

OptimizationsOptimizations

 Geometric hashingGeometric hashing
– Match geometric features against databaseMatch geometric features against database
– Find a set of tiles, evaluate energy formulaFind a set of tiles, evaluate energy formula
– PreprocessingPreprocessing

 Grid of squares in planeGrid of squares in plane
 If shape crosses square, add to entryIf shape crosses square, add to entry
 Place tiles in all orientations in gridPlace tiles in all orientations in grid

– Packing stagePacking stage
 Register container boundry to hash tableRegister container boundry to hash table
 For every (tile,orientation) cast voteFor every (tile,orientation) cast vote
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OptimizationsOptimizations

 Geometric hashingGeometric hashing

Figure 9 from Kim and Pellacini

 How does this help?How does this help?
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ConclusionConclusion

 Energy­based framework for mosaicing Energy­based framework for mosaicing 
problems generalizing existing algorithmsproblems generalizing existing algorithms

 Jigsaw Image MosaicJigsaw Image Mosaic
 'soft' packing for texture synthesis and 'soft' packing for texture synthesis and 

product manufacturingproduct manufacturing
 Some results:Some results:

– 900 tiles900 tiles
– 8x size variations in tiles8x size variations in tiles
– Process took from 10 minutes to 2 hoursProcess took from 10 minutes to 2 hours
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Future workFuture work

 Bounds on energy hard to proveBounds on energy hard to prove
 3D mosaics for surface and volume3D mosaics for surface and volume
 Video mosaics – Klein et al.Video mosaics – Klein et al.
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Figure 10 from Kim and Pellacini
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Figure 11 from Kim and Pellacini
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Figure 12 from Kim and Pellacini
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Figure 13 from Kim and Pellacini


