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Instaride is a mobile application for spontaneous shared rides.
Connection of potential driver and passenger occurs when
driver is already on the way.

While driver’s compromise is to make route detour, passenger’s
compromise is to walk to/from pick-up point and drop-off point
(meeting points).

Criteria for meeting points pre-selection:

➢ Free parking opportunity
➢ Easily recognizable landmarks
➢ Pedestrinan zones
➢ Illumination
➢ Safety

(bus stops, petrol stations, supermarket parkings, roads intersection etc)

the need to determine the nearest meeting point leads to the nearest neighbor search problem (NNS)

user interface
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Standard Voronoi diagram and its generalizations

As one of the most effective approach for NNS, Voronoi
diagram decomposes plane into areas of proximity based
on Euclidean distance.
However, in urban environments its accuracy is insufficient,
especially under presence of obtacles: water reservoirs,
railway tracks, highways, industrial zones, hilly terrain.
Accuracy can be improved by using generalized diagrams.

𝜌 𝐴, 𝐵 = ෍

𝑖

(𝑥𝑖 − 𝑦𝑖)
2

1/2

𝐴, 𝐵 ∈ ℝ2

generalization of:

a) seed objects b) distance -> metric function

𝜌 𝑥, 𝑦 : Ω → ℝ, such as

• 𝜌 𝑥, 𝑦 = 𝜌 𝑦, 𝑥
• 𝜌 𝑥, 𝑦 = 0 ֞ 𝑥 = 𝑦

• 𝜌 𝑥, 𝑦 ≤ 𝜌 𝑥, 𝑧 + 𝜌 𝑧, 𝑦
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Combined Voronoi diagram construction

 ( , ) { : ( , ) ( , )}B x y z x z y z = =

City as transportation network:

 : {0}L L + → - metric function
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- bisector

- half-plane
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- Voronoi cell

- Voronoi diagram

notation:

Considering city as a weighted graph 𝐺 𝑉, 𝐸 , where

𝐸 = {𝑒𝑖} – edges = roads and streets;
𝑉 = 𝑣𝑖 - vertices = intersections and deadlocks;
𝑤(𝑒𝑖) – edges’ weights = proximity (time, distance..),

we set metric function as

𝜌𝐺 𝑣𝑖 , 𝑣𝑗 =the shortest path length

between 2 vertices.
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Combined Voronoi diagram construction. Discrete diagram on the graph.

For given graph 𝐺 𝑉, 𝐸

𝑆 = {𝑠1, . . , 𝑠𝑘} ∈ 𝑉 – meeting points = seeds

Voronoi diagram brakes up set 𝑉 = 𝑉1۩…۩𝑉𝑘 and => 𝐸 = 𝐸1۩…۩𝐸𝑘 into sets of Voronoi cells

Algorithm steps:

1. City representation as graph is obtained from OpenStreetMap

project geodata;

2. Meeting points 𝑆 = {𝑠1, . . , 𝑠𝑘} are added to 𝑉;

3. Using Dijkstra algorithm, find 𝜌𝐺 𝑣, 𝑠𝑖 ∀𝑖. If for 𝑠𝑗 𝜌𝐺 𝑣, 𝑠𝑖 =

𝑚𝑖𝑛[𝜌𝐺 𝑣, 𝑠𝑖 ] then add 𝑣 to 𝑉𝑅(𝑠𝑗);

4. From constructed cells 𝑉𝑚 get 𝐸𝑚 - subset of edges that belong

to the cell
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Combined Voronoi diagram construction. Continuous diagram on the plane.

Considering set of edges 𝐸 as geometrical objects – lines 𝐸′ – we can construct continuous  Voronoi 

diagram on the plane with Euclidean distance as metric function:

1. To find bisector 𝐵 𝐸𝑚
′ , 𝐸𝑛

′ = ڂ 𝑆𝑟 𝐸𝑚
′ 𝑆ځ 𝐸𝑛

′ , 𝑟 ∈ 0,+∞ interpolate points obtained for 

𝑟𝑘+1 = 𝑟𝑘 + ∆𝑟𝑘 ;

2. Determine corresponding half-plane 𝐷 𝐸𝑚
′ , 𝐸𝑛

′ ∋ 𝐸𝑚
′ ;

3. Intersection of all half-planes for  𝑚 ≠ 𝑛 forms Voronoi cell for 𝐸𝑚
′ : 𝑉𝑅(𝐸𝑚

′ ) = 𝐵ځ 𝐸𝑚
′ , 𝐸𝑛

′ Ωځ ;
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Evaluation. Further work.

Comparison with standard diagram for the central part of Oldenburg:
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∆𝑆 ≈ 0.31, where 𝑆1,2- two types of Voronoi cells: standard and combined

Also for 1000 random locations we obtain nearest meeting point:

a) from standard Voronoi diagram(SVD); 
b) combined Voronoi diagram (CVD);
c) by direct route computation using Openrouteservice (ORS)

• nearest meeting points obtained from DE and DC are equal - 792 locations;
• otherwise - 208 locations.

for latter 208:
• meeting points obtained from ORS and CDV are equal - 165 locations;
• meeting points obtained from ORS and SVD are equal - 41 locations;
• Otherwise – 2 locations.

Further work:
➢ Using additional bandwidth data
➢ Algorithm‘s computatinal complexity reduction
➢ Complete algorithm evaluation
➢ Optimization complex topography features processing
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Tools

        
                          

OSMNX
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Thank you for your attention


