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Abstract

To improve the reliability of the trajectory data mining result, it is necessary to reduce errors while
calculating similarity measures. On the other hand, protecting users' privacy is the important issue. For this,
trajectory anonymization schemes were proposed to make a representative trajectory by grouping K similar
trajectories. We, in this paper, propose an efficient trajectory anonymization scheme using length-based
warping (l-warping) technique for data mining applications. To reducing errors of calculating distances and
similarities among trajectories, we, first, propose a representative trajectory generation algorithm based on
our l-warping distance. Our scheme can reduce the number of eliminated parts when calculating the
distances between two trajectories. Secondly, we propose a trajectory reconstruction algorithm which is
suitable for applications which need the partial path information of trajectories such as mobile commerce
advertisement system. Finally, we show from performance analysis that our scheme outperforms the existing
schemes in terms of the anonymization efficiency and the accuracy of reconstruction data.
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AY 2 235 o) ChYt k-anonymity 7|8t H& 22 7|HS0| HFERACH11-13]. O] & a
generalization based trajectory anonymization method (General-Based Approach: GBA) [13] 7|2 #HH
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[Fig. 1] Point matching using l-warping spatio-temporal distance
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Algorithm 1. Trajectory clustering algorithm
input : trajectories - set of all trajectories
numTraj - number of Trajectories
K - for anonymity
output : ptLinks - point matching for a trajectory set
01. numGroup = numTraj/K;
02. groups = extractSeeds(numGroup);
03. for(tri in trajectoies) {
04. for(each group gj) {
05. dist =distNearestTraj(tri, gj);
06. if(mindist > dist && numElement(gj) < K) {
07. mindist = dist;
08. nearest = gj; } }
09. putTraj(tri, nearest);}
10. standTraj = selectStandTraj(group);
11. numPtLink = length(StanTraj);
12. ptLinks = makeLink(numPtLink);
13. for(tri in group) {
14. distTable = (tri, StandTraj);
15. currGIdx = 0;
16. for(each point ptj in tri) {
17. lastGIdx = (numPtLink-length(tri))+j;
18. nextGldx = getNearestpoint(stj, standTraj, currGldx, lastGldx);
19. while(currGldx > nextGlIdx){
20. putpoint(ptLinkscurrGidx, ptj);
21. currLinkldx++;}}}}
22. return ptLinks;

(0% 2 AN B2faeY Ynals

[Fig. 2] Trajectory Clustering Algorithm
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l-warping AlSZH AH2lE FHSHN ZQIE OfE (point matching: PM)S T}
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[
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FELh HH ZQE g3 ¥l = 1,0 HH 202t sLot 6717t YPELt B, T 4 =
EE J|Z22 I M2 lwarping AH2|E AH ZRIE 23 A4S MESI0 ZOIE DIHS
Ch (28 2= Most= A 2228T TAQ L2|5S LIEHHDL
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Bigt Sl A[ZH BiGtE O|83H0] 2t HHe| S E Aot =, diE ZQE 239 B £ U F
o A[ZHS Aldtettt, ofgf A2 Hat fEv,) E AL fIoh AlS LIEFHT

distance (location,, (i), location,, (i—1))

T, (i) =T, (i—1)

,where 1 >1
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Algorithm 2. Representative point generation algorithm

input : ptLinks - Point links for a trajectory set

output : reppoints - A representative points for each point group
01. for(each point link ptgi)

02. if(i==0) reppointsi = calcFirstpoint(ptgi);

03. else {

04. avgTime = calcAvgTime(ptgi);

05. velocity = calcVelocity(ptgi-1, ptgi, timevlaue);

06. timevalue = avgTime - lasttime;

07. reppointsi = calcCurrpoint (reppointi-1, velocity, timevalue);}

08. lasttime = avgTime;}

09. for(each point sti in reppoints){

10. NCross = calcNearCross(sti, n);

11. for(each Cross point ncp in NCross) {
12. getPriority(sti, ncp);}}

13. SeINC = NCross.pop();

14. sti = mapping(SeINC);

15. return reppoints;

[O& 3] CHE ZQIE MY 212|5

[Fig. 3] Representative point selection algorithm
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C=2 g ZQIEE MEsiCt &, i+ 8N ZQIE 0N iHH ZIEQ} OfX|2 HZAE ZQIE
7t & O|MOl2tH, & & &9 7t &2 ZQEE Rl ZQIER MHsiCt 5 vl =
2 ZQEE ofd ZRIEZ AZE|= HHO 7t WSS 2[05H7| W0, 8 it 52 =
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Algorithm 3. Reconstruction Algorithm

input : stGroups - groups of points for a trajectory set
output : reconTrajs - K reconstructed trajectories

01. for (j<K)

02.  for (each group stgi)

03. if(i==0) currpoint = selectMinCount(stgi);

04. else

05. if(isWarped(reconpointi-1))

06. currpoint = findSamepoint(stgi, reconpointsi-1);
07. if(lisWarped(reconpointi-1) || currpoint not existed)
08. connectedpoints = connectedpoint(stgi, reconpointsi-1);
09. for(each point cst in connectedpoints)

10. if(isWarpedpoint(cst))

11. deletepoints(connectedpoints);

12. currpoint = selectMinCount(connectedpoints);
13. reconpointsj = currpoints;

14. reconTrajsj = makeTraj(reconpoints);

15. return reconTrajs;

[ 4] HH Mg 2a2F

[Fig. 4] Trajectory reconstruction algorithm
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2 MLt o] W, HX Zo|e| Xtolof [ME de52 FHGY| s HA Zo|ol BE HAIL
0, 5, 10, 15, 20, 25, 309! HA GHO|EE ZZt 1000704 Mdst T, HOEe HX HAN Zo|=

700Ch o HMotsts Z|gar 71E 718 2F FAER AY Al HEEE AZhE 7HEA HIES

05052 1gotReH, Metsts 7[#el HX2| aFgez Zf =0Tt 1000742 XZ2H =Lt

HEHI AH2[E H=Z2of HA StCt 95 242 AY S2 22 LAEn #H M+ €
.I

12|52 M3st= GBA 7|H [13]0t 5= H|W$tCt

[(H 1] 9557t 2t

[Table 1] Performance evaluation environment

Hardware HP ML 150 G3 Server
CPU Intel Zeon 3.0GHz dual
Memory 2GB
HDD 250GB
0OS Window 2003 server
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[Fig. 5] The number of trajectory in cluster
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[Fig. 6] Execution time according to standard deviation of trajectory for trajectory k-anonymization
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