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‘ Geometric Shape Matching

Given: . L
Two , each E AA @’

composed of a number of

basic objects such as points line segments triangles
An application dependant
, e.g., the O(A.B)
Hausdorff distance B A
A set of T, e.q.,
translations, rigid motions, or none
Matching Task: Compute  min 3(T(A),B)
&

4/28/15 CMPS 3130/6130 Computational Geometry 8



Hausdorff distance

e Directed Hausdorff distance

8§ (AB)=maxmin|ab| B A
a A beB o
« Und - SEAS,
Undirected Hausdorff-distance 5 (A,B)

5(A,B) =max (5 (A,B),5 (BA))

* [f A, B are discrete point sets, |A|=m, |A|=n
* In d dimensions: Compute in O(mn) time brute-force
e In 2 dimensions: Compute in O((m+n) log (m+n) time

« Compute 8 (A,B) by computing VD(B) and performing nearest
neighbor search for every point in A
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Hausdorff distance under translations
Decision problem, transformation space approach:

()H(A+f B)<e<= A+tCB<=tec |J B®(—a)

acA
e Minkowski sum
abb=|J U z+y
recayeb

e Arrangement construction

4_—3

e Segments, R?: O((n-n)?) arrangement complexity (AST94)
o Simplices, RY, L..: O((Complexity(B¢))ind) < O(nd +4)

e Triangles, R?, L, : O(n5%T%) arrangement complexity
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Hausdorff distance

e Q(m?n?) lower bound construction for directed Hausdorff
distance of line segments under translations
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Comparing Curves and Trajectories

W=
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Polygonal Curves

e Letf,0:[0,1] — R9be two polygonal curves (i.e.,
piecewise linear curves)

g
* What are good distance measures for curves?

— Hausdorff distance?
— Fréchet distance?
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When Are Two Curves ,,.Similar*?

e Directed Hausdorff distance

—> — . i B A
on (AB) S maymin 2 | ﬁ_
 Undirected Hausdorff-distance Oy (B,A)

8, (A,B) =max (5, (AB),5, (BA)) 6y (A,B)

But:
K  Small Hausdorff distance

|

[ * \When considered as curves the
f '__T_ - distance should be large
!

\_____

| » The Fréchet distance takes the
continuity of the curves into account
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‘ Fréchet Distance for Curves

oe(f,g) = Inf max |[f(cu(t))-g(B(D)ll
o,B:[0,1]~ [0,1] t [0,1]

where o and 3 range over continuous monotone increasing
reparameterizations only. e Man and dog walk on
one curve each

 They hold each other at
a

 They are only allowed
to go forward

* O IS the minimal
possible leash length
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Free Space Diagram

3}56

 Lete>0fixed (eventually solve decision problem)

o F.(f,9) ={(s,t)e[0,1]2 ||| f(s) - 9(t)|| < € } white points
free space of fand g

* The free space in one cell is an ellipse.
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\ Free Space Diagram

e Monotone path encodes reparametrizations of f and g

o 0c(f,g) <¢ iff there is a monotone path in the free space
from (0,0) to (1,1)
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| Compute the Frec et Distance

e Solve the decision problem 1

Oc(f,g) < &in O(mn) time:

e Find monotone path using DP:

e On each cell boundary compute
the interval of all points that are

reachable by a monotone path
from (0,0)

e Compute a monotone path by 0
backtracking

e Solve the optimization problem
e In practice in O(mn log b) time with binary search and b-bit precision

e In O(mn log mn) time [AG95] using parametric search (using Cole‘s sorting
trick)

e In O(mn log?mn) expected time [CWO09] with randomized red/blue
Intersections

[AGR9RH #\It, M. Godau, Computing @mrﬁgweq@pgwﬁ?ﬁdwigﬂgg@@bﬁq@(py IJCGA 5:75-91, 1995. 19
[CW10] A.F. Cook IV, C. Wenk, Geodesic Fréchet Distance Inside a Simple Polygon, ACM TALG 7(1), 19 pages, 2010.



GPS Trajectories for Dynamic Routing

e Navigation systems answer shortest path
queries based on travel times on road segments

gl

e Usually based on static travel-time weights A
derived from speed limits ' (

e Goal: Develop a navigation system which i
answers routing queries based on the current
traffic situation

e Current traffic situation:

e Database of current travel times per road segment
e Use GPS trajectory data from vehicle fleets
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GPS Trajectories from Vehicles
i“i"' ‘.;‘..'iiw "“'g! 1) Measurement error:

GPS points

N/
s Map matching: do not lie
¥

1 Find a path in the graph which corresponds [d map
' to the GPS trajectory (curve). error:

krajectory
pduct and
sampled

'1 Find a path in the graph with minimal
— ] distance to the GPS curve (partial
.. matching)

‘ ! % uvuum
“%‘F E’ﬁ' " "“ ==.. /| = The GPS trajectory
ek '.’%{;?." — does not lie on the
v NS H road map

o
AT T

—

—/280&d map of — GRS SSERNGNIB0 CompliaticrpGudimgtpath in 21
Athens the road map



Free Space Surface

* Glue the free space diagrams FD; ; together according
to adjacency information in G

=P [ree space surface of f and G

[AE§W03]_%H. Alt, A. Efrat, G. Rote, C. \Wenk, Matc%i?ri%Planar Maps, J. of dlgorithms 49: 262-283, 2003. 99
B 5]"S. Brakatsoulas, D. Pfoser, Ql\éﬁ%‘?& Q)QWW@RR \éﬁ&meltr%king Data, VLDB 853-864 , 2005

[WSPO06] C. Wenk, R. Salas, D. Pfoser, Adressing the Need for Map-Matching Speed..., SSDBM: 379-388, 2006.



Free Space Surface

o Task: Find a monotone path in the free space surface
that
— starts in a lower left corner
— and ends in an upper right corner

[AE§W03]_%H. Alt, A. Efrat, G. Rote, C. \Wenk, Matc%i?ri%Planar Maps, J. of dlgorithms 49: 262-283, 2003. 5
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[WSPO06] C. Wenk, R. Salas, D. Pfoser, Adressing the Need for Map-Matching Speed..., SSDBM: 379-388, 2006.



 Sweep all FD, with a sweep line from left to right
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Compute Reachable Points

 During the sweep:

Compute points on the free space surface, to the left of the sweep line,
which are reachable by a monotone path from a lower left corner.

[AE§W03]_%H. Alt, A. Efrat, G. Rote, C. \Wenk, Matc%i?ri%Planar Maps, J. of dlgorithms 49: 262-283, 2003. 31
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[WSPO06] C. Wenk, R. Salas, D. Pfoser, Adressing the Need for Map-Matching Speed..., SSDBM: 379-388, 2006.
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Update Reachable Points

« During the sweep:
— Dijkstra-style
— Use a data structure which supports _n the free

space surface

[AE W03]%H.Alt, A. Efrat, G. Rote, C._Wenk, Matcgri%Planar Maps, J. of dlgorithms 49: 262-283, 2003.
[BP‘QH%  Brakatsoulas, D. Pfoser, R 4kzs 33 ,%QW&&%&R éﬁ&m%tr%king Data , VLDB 853-864 , 200552
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Update Reachable Points

FD
R
FD
G ~ l,n —
FD‘ FDl,l \FD FDO
’ FD,,
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Backtracking

» After the sweep:
— Construct a monotone path via backtracking

[AE§W03]_%H. Alt, A. Efrat, G. Rote, C. \Wenk, Matc%i?ri%Planar Maps, J. of dlgorithms 49: 262-283, 2003. 44
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Map-Matching

e Algorithm for decision problem takes O(mn log(mn)) time
and O(mn) space.

e Optimization problem with parametric search:
O(mn log?(mn)) time

[AEDLPZWOB]%H. Alt, A. Efrat, G. Rote, C. \Wenk, Matcgri%Planar Maps, J. of digorithms 49: 262-283, 2003. 45
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