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= Time series express phenomenon of interest

= |dentifying motifs (patterns)

knowledge and enables predictions

1000 -+
900 -
800 -
700 -
600 -
500 -
400 -
300 -
200
100 -

10

20

30

40

50

60

in time series brings

70

80

e 1 -m Ot if

e 2-motif



Seismic Traces Analysis
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Analysis of delays in airports according to time



Buses Stops Analysis

Buses are sensors: Trajectory Data
Spatial-time aggregation of buses according to buses stops
Buses Stops becomes Spatial-Time derived sensors




Motifs in Spatial-Time Series

Motifs identification and analysis in time series is being
studied during last decade
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Time Series and Sequences

Definition 1. A fime series t is an ordered sequence of values in time
[1], where each t; is a value, |t| = m is the number of elements in t, and
t,, 1S the most recent value in t.

I =<t1,th,...,.t,, >t €R

Definition 2. The p-th sub sequence [2] of size n in a time series t, rep-
resented as t'", is an ordered sequence of values < t,,tpi1, ..., Iprn-1 >,
where |tP"| =nand 1 < p < |t| — n.

7" = subseq(t, p,n)



Sliding Window

Definition 3. A sliding window [3] is a function sw(t,n) with argu-
ments t and n that produces a matrix W of size (|t| —n + 1) by n that
contains all sub sequences of size n of time series t. Each line in W is a
sub sequence of t of size n. Given W = sw(t,n), Yw; € W, w; = 1.

Definition 4. Let g =< q,,q9,...,q9, >andt =< t},t,...,t, > be two
time series, such that |q| = n, |t| = m, and m > n. q is included in t
(g<t)iff Aw; e W,W = sw(t,n) | g =w,.



Definition 5. Given two time series q and t, q is a motif [4] with sup-
port o, iff g is included in t at least o times. Formally, given time series
q and t such that W = sw(t,|q|), motif(q,t,0) < A R C W, such that
Yw, € R, wi =g AN |R| > 0.
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Spatial-Time Series

Definition 6. A spatial-time series s is an abstraction for a time series
with an associated position in space. Formally, a spatial-time series s
is a time series composed of coordinates x and y and time series t =<

t,t,...,t, > S.x and s.y are coordinates of s, and s.t is time series
for s.

Definition 7. A spatial-time series dataset (for short, dataset) S is a
set of spatial time series {s,}. We define t,,,(S) as the maximum num-

ber of observations for all spatial series s, inside dataset S. Formally,
tmax(S) = max({|s;.t|}), Vs, € §.

Assuming that spatial-time series inside a dataset are uniformly dis-
tributed in space, it 1s possible to define a bounding-box for them BB(x;,,;, (S ),
Vinin(S )y Xmax (S ), Ymax(S)). Through simple coordinates translation, we
can assume that x,,;,(S) = ¥, (S) = 0 and x,,,,,(S) = sw and y,,,,(S) =

sh. In this way, we have a bounding-box BB(0,0, sw, sh) with size
sw X sh for dataset S .
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Spatial-Time Series Example
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Definition 10. Let o and k be two support values such that o > k. A
time series ¢ is a spatial-time motif in a parallelepiped ptf’J’.” €S iffg

- : . —k, . :
is included at least o times in ptf."]’.’ and ¥ s,.t""" € pti,]’-@, q is included in

kn.n —k,n k.n —k,n
s pty; S pr and |pt;’; | = k.
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Spatial-Time Motif Ranking

= Rank identified spatial-time motifs

Motif Word Spatial-Time
Motif

Motif 1 bccdeedcee Yes
Motif 2 4 4 No

o total motif occurrences in block
k: number of series that occurs the identified motif

Restriction Parameters:
c=5
K =3
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Algorithm

1: function STMortir(b, sw,w, a, bs, bt)
2 b; < partition(b, bs, bt)
3 for each b; € b do
4 t «— combine(b;)
5: CSTM « identify(t)
6 STM «— STM U constraintST(CSTM)
7 end for

8 rankS TM = aggregate(ST M)

9: return rankS T M
10: end function
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