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I-Tree: A Spatial Time-series Indexing Mechanism

for Supporting Integrated Retrieval of Sensing Data
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Fast and efficient retrieval of spatial time series data is indispensable for ap-
plications that must provide users with timely and relevant information and
services using complex sensor data in the real world. This paper introduces an
indexing mechanism called I-Tree, which allows for fast retrieval of a massive
amount of spatial time-series data, and describes its structure and the search
algorithms. We also discuss the results of our performance evaluation using a
large amount of artificially-generated spatial time-series data as well as temper-
ature data from micro-weather sensors deployed in a city. I-Tree allows for fast,
Euclidean distance-based similarity search of spatial time-series under various
conditions.
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Fig.1 Sample spatial time-series data.
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Fig.3 Generating piecewise spatio-temporal aggregate approximation (PSTAA).
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Fig.4 Generating symbolic spatio-temporal aggregate approXimation (STAX).
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Fig.5 Storing spatial time-series data in a database.
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Tree.insert(T?, stax, startTime)
stax = getStax(T?)
if root.hasChild() == false then
newNode = new Node()
root.addChild(newNode)
newNode.iStr = getIStr(stax)
newNode.isLeaf = true
newNode.insert(T?, stax, startTime)
else
node = root
while node.isLeaf == false do
searchIStr = node.getSearchIStr(node.level, stax)
node = node.getChild(searchIStr)
if node is null then
newNode = new Node()
root.addChild(newNode)
newNode.iStr = getIStr(stax)
newNode.isLeaf = true
node = newNode
end if

end while
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end for
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childNode = getChild(searchlIStr)
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end if
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BSF_dist = getEuclideanMinDist(T*, BSF_iStr)
BSF startTime = getStartTimeOfNearestData(T?, BSF_iStr)

PriorityQueue pq = new PriorityQueue

pg.add(root)

while pq is not empty do
minNode = pq.extractMin()
if minNode.dist )= BSF_dist then
break
end if
if minNode.isLeaf == true then
tmp = getEucledianMinDist(T*, minNode.iStr)
if BSF_dist ) tmp then
BSF_dist = tmp
BSF_iStr = minNode.iStr
BSF_startTime = getStartTimeOfNearestData(T*, minNode.iStr)
end if
else if minNode.isLeaf == false then
for all node in minNode.children do
node.dist = md(T*, node)
pg.add(node)
end for
end if
end while
Return BSF _startTime
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Fig.7 Road network used in our Social Force Model-based simulation.
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Fig.8 Impact of data size on processing time and index size of I-Tree.
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