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Motivation: plastic bottle caps

Image source: diveagainstdebris.org

- Long time to degenerate.

- Small to be mistaken for food 
by sea animals.

- Top 5 ocean trash items that 
are deadly for sea life (North 
Sea Foundation, 2017).



Motivation: low resolution images

Source: pngitem.com Source: la-boite-a-trouvailles.com Source: flickr.com
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Optimization: 
simulated 
annealing 
strategy

Input image
Source: whitehouse.gov

Output bottle cap artCaps
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Naive solution

Input image Naive solution



Spatial discretization

Full resolution input Bottle cap grid



Spatial discretization

Full resolution input DiscretizationVoronoi diagram



Spatial discretization

Full resolution input DiscretizationSLIC with alpha=50 
[Achanta et al. 2012]



Spatial discretization

Full resolution input DiscretizationSLIC with alpha=5 
[Achanta et al. 2012]



Spatial discretization

Full resolution input Reference imageSLIC with alpha=50 
[Achanta et al. 2012]



Structural similarity

Reference X

Window and 
weights

Local color mean

Local color deviation



Structural similarity

Reference X State Y



Structural similarity

Reference X State Y

Loop over all windows



Structural similarity

Reference X State Y

Our final energy

has a penalty term to encourage 
constant regions in the reference to 

be constant in the result. 
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- Caps given by user

- Some cap colors are 
discarded as a 
preprocess

- Naive initial solution
Initial solution Y0
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Caps Initial solution Y0 Final result
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Results

Input image
By Flickr user zaphad1
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Spatial discretization (Assembled) 
initial/final 
solution



Results

Input image
By Flickr user Mike Sayre
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Spatial discretization Computer-generated 
bottle cap art



Results

Input image
By Flickr user Christopher Gabbard
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Spatial discretization Physically assembled 
bottle cap art



Pixel art methods

Input imageCaps Our result [Gerstner et 
al. 2013]

[Kopf et al. 
2013]By Flickr user 

William Warby 



Implementation: Matlab program

Matlab's logo (Mathworks)

- Modification of Matlab's slic 
built-in function

- Vectorization

- Re-use of local SSIM values



Timings 
(Preprocessing) (Optimization) (Physical)

Figure 1

Figure 2

Figure 10

Figure 11

Figure 12 Figure 13



Limitation

Input image
By Flickr user Clint Budd
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Spatial discretization Computer-generated 
bottle cap art



Future works

- Faster optimization and run the 
method on image collections

(Optimization)



Future works

- Faster optimization and run the 
method on image collections

- Other cap grids and cap sizes

Mandela, 
by artist Denise Hugues



Future works

- Faster optimization and run the 
method on image collections

- Other cap grids and cap sizes

- Other graphics problems that use 
wasted material



Thank you!

For more, visit the website:

mtm.ufsc.br/~leo/bottle_cap_art/



Backup slides



Varying sizes

Input image

By Flickr user 
troposa1

1 meter by 
0.75 meters

2 meters by 
1.5 meters

4 meters by 
3 meters



Other caps

Input image Discretization



Caps preprocessing 
1191 580 414 360 337 234 195 110 90 73

Spatial discretization Result using all colors



Caps preprocessing 
1191 580 414 360 337 234 195 110 90 73

Spatial discretization Result using all colors Result



Optimization with full and low resolution reference

Optimization with 
full resolution reference

Optimization with 
low resolution reference

1191 580 414 360 337 234 195 110 90 73



Varying alpha

1191 580 414 360 337 234 195 110 90 73

alpha = 500 alpha = 100 alpha = 50 
(our choice)



Penalty term

1191 580 414 360 337 234 195 110 90 73

Input image Spatial discretization

Result without penalty Result with penalty


