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@ instaride

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).

Hey, Judith

e are you going?

Criteria for meeting points pre-selection:

Free parking opportunity
Easily recognizable landmarks
Pedestrinan zones
Illumination

Safety

user interface

VVVVYVYY

(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)
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Standard Voronoi diagram and its generalizations

, 1/2 As one of the most effective approach for NNS, Voronoi
p(A,B) = Z(xi — i) diagram decomposes plane into areas of proximity based
' on Euclidean distance.
However, in urban environments its accuracy is insufficient,
A,B € R? . .
especially under presence of obtacles: water reservoirs,
railway tracks, highways, industrial zones, hilly terrain.
Accuracy can be improved by using generalized diagrams.
generalization of:
a) seed objects b) distance -> metric function

- 7,. k 1 p(x,v): Q > R, such as

 py) =pQ,x)
© pxy)=0ex=y

* plxy) <plxz)+p(zy)
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Combined Voronoi diagram construction

notation:
piLxL— R U{0} - metric function
VR(s,,8) =D, ;) - Voronoi cell
B, y)={z:p(x D) =p(y,2} - bisector _
DY) =42 p(x.2) < (.2} - half-plane V(S) =iL¢JjVR(si,S)ﬂVR(sj,S) - Voronoi diagram
S={s,...s}elL, - seeds

City as transportation network:

53150

Considering city as a weighted graph G(V,E), where
suof | E = {e;} —edges = roads and streets;

V = {v;} - vertices = intersections and deadlocks;
sl | w(e;) —edges’ weights = proximity (time, distance..),

we set metric function as

Pc (vl-, vj) =the shortest path length
between 2 vertices.

a0 53135

0

d2an080
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Combined Voronoi diagram construction. Discrete diagram on the graph.

For given graph G(V,E)
S ={s4,..,Sk} € V—meeting points = seeds

Voronoi diagram brakesupsetV =V, @...@®V, and=>E = E; @...® E} into sets of Voronoi cells

Algorithm steps:
1. City representation as graph is obtained from OpenStreetMap
project geodata;

2. Meeting points S = {s4,.., S} are added to V;

3. Using Dijkstra algorithm, find ps(v,s;) Vi. If for s; ps(v,s;) =
min[pg(v,s;)] then add v to VR(s;);

4. From constructed cells 1}, get E,,, - 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. Tofind bisector B(E,,, E;,) = U[S,(E;,) NS(E})], r € (0,+) interpolate points obtained for

53.146

53.144

Thy1 = T + A1y ;

53.142

2. Determine corresponding half-plane D(E},, E},) 3 E},;

53.140

3. Intersection of all half-planes for m # n forms Voronoi cell for E;,: VR(E,,) = N B(E;},, E;)NQ;

8.205 8210 8215 8220
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Evaluation. Further work.

Comparison with standard diagram for the central part of Oldenburg:

53.150

1 < S(C!AC))

%) Zi“S(cli uch) “(S(C))+S(C;))-05

53,145

AS ~ 0.31, where S, ,- two types of Voronoi cells: standard and combined

Also for 1000 random locations we obtain nearest meeting point: 53140
a) from standard Voronoi diagram(SVD);

b) combined Voronoi diagram (CVD);

c) by direct route computation using Openrouteservice (ORS)

53.135

e nearest meeting points obtained from DE and DC are equal - 792 locations; s
e otherwise - 208 locations. 53150

8.205 8210 8215 8.220 8225 8230

for latter 208:

* meeting points obtained from ORS and CDV are equal - 165 locations; 5305
* meeting points obtained from ORS and SVD are equal - 41 locations;

*  Otherwise— 2 locations.

53.140

Further work:

Using additional bandwidth data

Algorithm’s computatinal complexity reduction
Complete algorithm evaluation

Optimization complex topography features processing

53.135

VVVY

53.130

8.205 8210 8.215 8.220 8.225 8.230
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Tools

@ python’

gNHmPY matpl:tlib
OSMNX
Q OpenStreetMap
“@ NetworkX
openroute
service

Joblib
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Thank you for your attention
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