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Fast Similarity Search of Subtrajectories in Multidimensional
Trajectory Databases
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Abstract: In the analysis of team sports, searching for simultaneous movements by a plurality of

players specified by the user is one of basic operations. In this paper, we formulate this operation

as a similarity search problem of subtrajectories in multidimensional trajectory data, and develop

fast algorithms to solve the problem. The proposed algorithms are evaluated from the viewpoint

of computation time and quality of obtained subtrajectories using real trajectory datasets on nine

matches in Japanese professional football league.
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SimilaritySearch( D, @ )
(bsf,loc) := (o0, —1)
n_Q := normalize(Q)
for iin {1,--- ,T— L+ 1}
n_D; 1y := normalize(D; )
if lb]“‘mLF(’n,,D(i’L), TL,Q) > bsf Vv
bkeogh EQ(n_D(;,1),n-Q) > bsf V
bkeogh EC(n_D(; 1),n-Q) > bsf
then continue
dist := dtw(n_D; 1y,n-Q)
10:  if dist < bst then (bsf,loc) := (dist,1)
12: end for
13: return D 1)
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Algorithm1( D, Q )

Algorithm2( D, @ )

1: (bsf,loc, S) := (o0, —1,0)
2: n_Q := normalize(Q)
3:for¢in {1,--- , T — L+ 1}
4: for 7w in Perm(D, Q)

5 n.Df; ) = normalize(Df; 1), dist := 0

6: forjin {1,---, M}

7: if dist + lbkimLF(n,DEri’L)[ il,n-Q[j]) > bsf Vv
8: dist + lbgeogh EQ(n- Df 1) [1],n-Q[4]) > bsf V
9: dist + lbgeogn EC(n-Dfj, L)[ jl,n-Qlj]) > bsf
10: dist + dtw(n-D; 1 [j],n-Q[j]) > bsf

11: then dist := oo, break

12: dist := dist + dtw(n-DF; p,[j],n-Q[j])

13:  end for

14:  if dist < bst then (bsf,loc, S) := (dist,i,m)
15: end for

16: end for

17: return DSOC,L)
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1: (bsf,loc,S) := (o0, —1,0)
2: n_Q := normalize(Q)
3: for¢in {1,--- , T — L+ 1}
4: for m in Perm(D, Q)
5 nDf )= normahze(D ), dist =0
6: forjin {1,---,M}
7 dist := dist —i—lbkszF(n DF, lil, n-Qlj])
8 if dist > bsf then dist := oo, goto 22
9: end for
10:  for jin {1,--- ,M}
11: dist := dist — lbpin LF(n-DF; ,[j],n-Q[j])
Fbkeogn EQ(n- D(z L)[ 1, n-Qlj])
12: if dist > bsf then dist := oo, goto 22
13:  end for
14: for jin {1,--- ,M}
15: dist = dist — lbgeogn EQ(n- D, 1)llnQl])
Hibgeogh EC (N D(Z L)[ Jl,n-Q[j])
16: if dist > bsf then dist := oo, goto 22
170 end for
18 for jin {1,--- , M}
19: dist := dist — lbreogn EC(n-DF; 1[j], n-Q[5])
tdtw(n-D, ,[j],n-QLj)
20: if dist > bsf then dist := oo, goto 22
21:  end for

22:  if dist < bst then (bsf,loc, S) := (dist,i,m)
23: end for
24: end for

25: return quloc,L)
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