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A Spatio-Temporal Clustering Technique for the Moving
Object Path Search

o7\, LB, BB, BIEH
Ki-Young Lee, Hong-Koo Kang, Jae-Kwan Yun, Ki-Joon Han

2 U AT B A7 AU A2To) BAP W A2 A4, FA w8, $7

h 1
2, ddoes So) AR 8 Aus Agel t BAT A7t FUER Aok 9A AW
£ AT deleol 2 A A8 AL AAS AT FE ﬁd Ao} Aoz AT B ‘3—1

(i

12 58 AFste 92 7 Ml

M)z g g 2o A AL
H 37k 48 A WEd A
T Fo E P WAt We Al o8 E%Z—ié’—i 371 o it ol& dF3l7] 5k olF AAMY A HelHE &
iz 7R 2ol &R 22, oled Aat %‘% Aol He T 490l WE A4 A% Tl Eo] A8
sto] Ao AF ARG HA G BEA@ AR 2WkE AASEE A% I 3 WS ¥ol AMSEHA "t

olel £ =ddAe 71&8e 29 rlge dde FHr] Hate] ojde] Fz FeAEAE A8 AEHE 23449 F3F A4
‘Q—T'-El FE& AR $HY A1 TR FelaEy GuFH-STCAF A 9 dolet2te oF A4 B2 &4

& A% AL FE37] A3 H-STCA ¢nalo A% A4 32 dudF At 281, dgPe ofF AA wole
EH‘?} AN AL A% g2 A4 AL A3 42 g8 AT S H-STCAE AT =W 228 3, 7189 Aezt <
2 by, 29k i) Aewrlel diste] dudc A%Ert A7 H-STCAE AHEE 29 Zel28d e 71E9
AlB3E ez ot Ak Wy Rt o)F AR At bR B AR 4ol vE E oz vy

o O}:l

Abstract Recently, the interest and research on the development of new application services such as the Location Based

Service and Telemetics providing the emergency service, neighbor information search, and route search according to the
development of the Geographic Information System have been increasing. User’s search in the spatio-temporal database which
is used in the field of Location Based Service or Telemetics usually fixes the current time on the time axis and queries the
spatial and aspatial attributes. Thus, if the range of query on the time axis is extensive, it is difficult to efficiently deal with
the search operation. For solving this problem, the snapshot, a method to summarize the location data of moving objects, was
introduced. However, if the range to store data is wide, more space for storing data is required. And, the snapshot is created
even for unnecessary space that is not frequently used for search. Thus, more storage space and memory are generally used
in the snapshot method.
Therefore, in this paper, we suggests the Hash-based Spatio-Temporal Clustering Algorithm(H-STCA) that extends the
two-dimensional spatial hash algorithm used for the spatial clustering in the past to the three-dimensional spatial hash
algorithm for overcoming the disadvantages of the snapshot method. And, this paper also suggests the knowledge extraction
algorithm to extract the knowledge for the path search of moving objects from the past location data based on the suggested
H-STCA algorithm. Moreover, as the results of the performance evaluation, the snapshot clustering method using H-STCA, in
the search time, storage structure construction time, optimal path search time, related to the huge amount of moving object
data demonstrated the higher performance than the spatio-temporal index methods and the original snapshot method. Especially,
for the snapshot clustering method using H-STCA, the more the number of moving objects was increased, the more the
performance was improved, as compared to the existing spatio—temporal index methods and the original snapshot method.
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Algorithm build_spatio-temporal_hash_structure

Input : TIME, HASH_TABLE, MO, CELL

Output : A|F7t sIA HolE T24

Method : FINDCELLID(position), FINDCELL(cellID), ADDLAYER(c),
ADDCELL(t, ¢), ADDMO(c, mo}, WEIGHT(c)

Begin
HASH_TABLE *ht
For each TIME t in CT
For each MO mo in D
mo.celllD = FINDCELLID(mo.position);
¢ = FINDCELL(mo.cellID); ADDMO(c, mo); c.count ++;
end For
init_min_cells = false; max_cells = 0;
For each CELL ¢ in K
ADDLAYER(c); c.weight = WEIGHT(c); ADDCELL(ht, ¢);
if (c.count > O and init_min_cells = false) then
min_cells = c.count; init_min_cells = true;
end if
if (c.count > 0 and init_min_cells = true) then
if (c.count <= min_cells) then min_cells = c.count;
end if
if (c.count > max_cells) then max_cells = c.count;
end if
end if
end For
end For
return ht;
End
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Algorithm spatio-temporal_clustering
Input : HASH_TABLE, TIME, CELL
Output : 34| =&
Method : WEIGHT(c), ADDHASH(ht, K)

Begin
HASH_TABLE *ht;
For each TIMEt in CT
total_weight = 0;
For each CELL ¢ in K
if (c.count > 0) then
c.weight = WEIGHT (¢);
total_weight = total_weight + c.weight;
end if
end For
if (total_weight < threshold) then
ADDHASH(ht, K);

end if
end For
return ht;
End
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Algorithm clustermg knowledge_extraction

Input : HASH TABLE THVIE CELL
Output : Azt E3) =¥

Method : T WEIGHT(h_table) ADDTIME(tp, t)

Begin
TIME *low_tp, *high_tp;
HASH_TABLE #ht
For each TIME t in CT

if (h_table.count > 0) then

ADDTIME(low_tp, t);
else if
ADDTIME(high_tp, t);
end if
end For
return low_tp;
return high_tp;
End

For each HASH_TABLE h_table in HT

h_table.weight = T_WEIGHT (h_table);
if ( h_table.weight < threshold) then
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Algorithm snapshot_knowledge_extraction

Input : HASH_TABLE, TIME, CELL

Output : A At A AF=2g /A& A dHolg 724 LU
Method : T_WEIGHT(h_t), ADDHASH(ht, K), ROADDIST(c.r), MOSPEED(c.r), MINOP(ht)

Begin
HASH_TABLE +ht, best_ht;
For each TIMEt in CT
For each HASH_TABLE h_t in HT

end if
end for

end if
end For
For each HASH_TABLE h in ht
For each CELL c in h

total_op = total_op + optimal_path;
end For

end For
return best_ht;
End

if (h_t.count > 0) then h_t.weight = T_WEIGHT (h_t);

if ( h_t.weight < threshold) then ADDHASH(ht, K);

dist = ROADDIST(c.r); speed = MOSPEED(c.1);

need_time = dist / speed; optimal_path = c.weight * need_time;

h.total_op = total_op; total_op = 0; best_ht = MINOP(ht);
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