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Artistic routes
(GPS Art)

Many other interesting artworks:

https://www.strav.art/home
Darth vader GPS art
Source

GPS art example. Source

https://www.strav.art/home
https://www.popularmechanics.com/adventure/outdoors/a19404/cyclist-darth-vader-gps/
https://cyclingtips.com/2022/08/the-worlds-largest-strava-art-is-finally-finished/
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Problem statement

● How to automatically generate artistic routes based on simple input 
drawings?
○ How to quantitatively evaluate the quality of the obtained routes?
○ What priorities / compromises should be considered in order to produce 

optimal output, considering user’s preferences?

Example input drawing that could be converted into an artistic route. 
Source

https://www.youtube.com/watch?v=IshaJPjpkxo
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Related work

Waschk and Krüger (2018) - Dijkstra algorithm with a 
custom cost function
Source

Balduz (2017) - rasterize and brute force 
approach
Source

https://link.springer.com/content/pdf/10.1007/s41095-019-0146-z.pdf
https://www.cg.tuwien.ac.at/research/publications/2017/Balduz_01/
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Problem approach

1. Transformation-fixed approach
2. Transformation-agnostic approach

Goal: Combine both approaches into a single workflow

Transformation-fixed drawing overlaid on top of a road 
network map.

Transformation-agnostic drawing. This kind of a 
drawing cannot be overlaid on a map, since it has no 
Coordinate Reference System.
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Transformation-fixed problem approach

Solution:
● A* algorithm
● Route segment by segment
● Custom edge cost function 

(segment similarity)
● Result: valid, connected route

White - input drawing.
Red - shortest path
Green - path with optimized for similarity
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Cost function components

1. Distance(P, N)
2. Similarity_metric(P, N, S, E)

C(P, N, S, E) = αC1(P, N) + βC2(P, N,S,E) 

Where:
C - graph edge cost
P - graph edge start node
N - graph edge end node
S - drawing segment start point
E - drawing segment end point
α, β - weights given to the metrics

Metric C2 based on sum of distances from 2 endpoints of the street 
segment (orange) to the input drawing segment (white).
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Transformation-agnostic problem approach

● Problem: almost guaranteed that no 
close match will be found.

● Template matching - find the location 
where the overlap between the input 
shape and the road network is the 
highest

Basic template matching example with a square 
template and a tic-tac-toe board
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Automatic GPS art workflow
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Template matching

Template matching result in the road network image

Template matching result in the road network image. Zoomed in. 
Coverage value is 35%
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Shape simplification

Original shape (red) and its simplified version (blue).
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Shape simplification
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Exhaustive search

● Uses transformation-fixed approach
● Generates many artistic route 

candidates

Kinds of transformations used in the exhaustive search Examples of two different candidate routes for the same input shape
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User parameter - desired route length

GPS art results for a desired route length of 42 kilometers
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User parameter - start/end point

Input shape (white) and a desired starting point (red dot) Result artistic route (pink) which starts in the desired location
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User parameter - start/end point

Two distinct routes which satisfy the constraint of a starting point (red 
marker) within a 70-meter threshold}
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User parameter - start/end point

Start point with a threshold of 70m. No road network nodes are within 70m, 
so the closest one is chosen instead.
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Postprocessing - removing U-turns

Routing scenario where a U-turn occurs before removing U-turns (left) and after removing U-turns (right).
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Postprocessing - removing U-turns

Artistic route after removing U-turns. Removed segments are colored red.
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Evaluation framework

● Relative total metric value (derived from the cost function)
● Perceptual loss metric (ML)
● Object classification result (ML)
● Total evaluation score (based on weighted components)

Artistic route and its evaluation score components.
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Evaluation framework - relative total metric value 
(RTMV)

● Expresses geometric deviation from the input drawing

Comparison of low and high RTMV routes for the same source drawing
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Evaluation framework - perceptual loss

● Visual distance between 2 given images 
(https://richzhang.github.io/PerceptualSimilarity/)

● Meant to resemble human perceptual judgement 

Perceptual loss distance for 2 GPS art candidatesInput shape of a dolphin

https://richzhang.github.io/PerceptualSimilarity/
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Evaluation framework - object recognition

● Label certainty as given by the ML based object classifier
● Sensitive to different methods of drawing / significant route distortions

GPS art and the labels given by the object classifier Some of the drawings used for training the object classifier. Source: link

https://quickdraw.withgoogle.com/data/bicycle
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Interactive application

View of the interactive application. The map is visible on the left and the control panel on the right.
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https://docs.google.com/file/d/1JTl6A_2lgnWiPhFDV2qOYV3vPS_kH5_z/preview
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Tests

● Locations: Tokyo, New York, Paris, Delft, Amsterdam
● Drawings: bike, elephant, hand
● Route lengths: 10, 21, 42 [km]

Drawings used for the tests and the reference labels given by the object classifier.
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New York vs Paris (guess which is which)
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New York vs Paris (guess which is which)

New York

Paris
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New York City - 42 km
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Tokyo - 42 km
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Delft - 42 km
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Delft - 10 km
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Test results

city RTMV (geometric 
error)

perceptual 
distance

accurate labels 
[%]

label 
certainty[%]

Tokyo 1.23 0.3 89 72

Paris 1.68 0.37 33 81

New York 1.16 0.33 44 73

Delft 4.77 0.4 33 62

Amsterdam 3.96 0.34 78 61

Summary of results. Metric values are average per city

● Overall average route length difference: 1.7%
● Different metrics capture distinct characteristics
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Test results

Summary of results. Metric values are average per desired route length

desired length 
[km]

RTMV perceptual 
distance

accurate labels 
[%]

label certainty[%]

10 2.23 0.41 20 35

21 2.45 0.32 60 66

42 3 0.31 87 79

desired length 
[km]

RTMV perceptual 
distance

accurate labels 
[%]

label certainty[%]

10 1.34 0.4 13 38

21 1.32 0.32 27 76

42 1.41 0.28 60 81

Summary of results, without the Dutch cities (Delft, Amsterdam)
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Tokyo - 4 different scales
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Automatic workflow vs interactive app

● Efficiency
● Number of explored 

options
● Quality evaluation 

method
● Dealing with difficult 

cases

Example result achieved in the interactive application
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Advantages

● Evaluation 
framework is well 
integrated

● Extra requirements 
(route length, 
starting point)

● Template matching 
for initial 
placement

● Postprocessing 
improves quality

Two different candidate routes which both satisfy the starting point (red dot) requirement.
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Limitations

● Input data requirements (single connected 
component)

● Efficiency
● Street network layout/density
● User requirements (short routes)
● How do we know if we obtained the best 

solution?

An artistic route result for desired length below 8 
kilometers.
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Conclusions

● Automatic generation (single-stroke drawings)
● Automatic quality evaluation
● Recommendations

○ Longer routes are better
○ Dense urban networks preferred

● Future work, points to improve
○ smart way to preserve semantic 

meaning
○ improve performance by using more 

advanced methods for image matching



40

Tools and datasets

● Datasets
○ OSM (https://www.openstreetmap.org/)
○ Urban Road Network data 

(https://figshare.com/articles/dataset/Urban_Road_Network_Data/2061
897)

● Software tools:
○ Routing algorithm - C++ (Boost, CGAL, CROW)
○ Postprocessing, filtering, evaluation - Python (Pandas, Tensorflow)
○ Visualizations - QGIS
○ Interactive app - Javascript (Leaflet)

https://figshare.com/articles/dataset/Urban_Road_Network_Data/2061897
https://figshare.com/articles/dataset/Urban_Road_Network_Data/2061897
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