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MotivationMotivation

Applications refer to past and present positions A liApplications refer to past and present positions Applica

Many examples in logistics, transport, sports, … QueriesMany examples in logistics, transport, sports, …
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Queries

Requires real-time trajectory management

MO
Problem: Large amounts of trajectory data

MO
Problem: Large amounts of trajectory data

GPS receiver generates 3∙107 records per year Updg p y

High communication cost

p
mesHigh communication cost

Consumes a lot of storage capacityg p y

High costs for query processing
ε

High costs for query processing
u1=s1

?How to reduce trajectory data on
1 1

s2 u?How to reduce trajectory data on u2?moving objects in real-timeg j

G i R t T j t Si lifi tiGeneric Remote Trajectory Simplificationj y p

Related approachesRelated approaches ≈ε

Line simplification at MOD ≈εu1

Requires transmitting each sensed positionRequires transmitting each sensed position 
u

Simplification based on dead reckoning ≈ε
u2

Bad reduction performanceBad reduction performance

GRTS separatesp

Simplification of past movement fromSimplification of past movement from

Tracking of current position byg p y
linear dead reckoning (LDR) s14linear dead reckoning (LDR) s14

lu3 lOu4=s9
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2 Variable part
3. Predicted part

1. Stable part (stored at MOD only)
2. Variable part

F th i lifi d
• Given by time-

1. Stable part (stored at MOD only)

• Created in append only fashion
• Further simplified 

ith t d t
stamped position

• Created in append-only fashion with next update and velocity vector

Prototypical ImplementationPrototypical Implementation

Android GUI
Java Swing GUI

Android 
GPSNMEA file Update KMLGoogleGPSNMEA file
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Mobile component Updates Sample applicationRequests

Acks KMZ

Update HTTPUpdate
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HTTP
server

MOD interface

Predictions P SQLPredictions
table

PostgreSQL
databasedatabase

I l t ti d t il
MOD server

Implementation details

OpenStreetMap for visualization at moving objectsOpenStreetMap for visualization at moving objects

Clock synchronization between moving objects and MOD

Updates include sent time and previous round trip timesUpdates include sent time and previous round trip times

Section Heuristic (Sec) for line simplification

of Moving Objectsof Moving Objectsg j
T j Si lifi iTrajectory SimplificationTrajectory Simplification
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Formal Problem StatementFormal Problem Statement

Kinds of trajectoriesi Kinds of trajectoriesations

Actual: a(t) is function →d
Results Actual: a(t) is function  

S d ( ) i h i
Results

Sensed: s(t) with vertices s1, s2, …

Attribute si.p denotes position at time si.tOD Attribute si.p denotes position at time si.t

Si lifi d (t) ith ti
OD

Simplified: u(t) with vertices u1, u2, …

date
ssages

Remote Trajectory Simplification (RTS)Remote Trajectory Simplification (RTS)
u3

Optimize |(u1, u2, …)| and communication cost
3

ε

Simplification constraint: | u(t) – a(t) | ≤ ε ∀ tSimplification constraint: | u(t) – a(t) | ≤ ε ∀ t

Real-time constraint: At current time tC,
u(t) is available at MOD for t [s1.t,tC]( ) [ 1 , C]

GRTS algorithm S← ( ) // Sensing historyGRTS algorithm S ← ( ) // Sensing history

Executed at moving object
…
V ← ( ) // Variable part

History of sensed positions
( ) // a ab e pa t

U ← ( ) // Vertices for updateHistory of sensed positions
f i bl d di d

p
while true do

of variable and predicted part sC ← sense position
S S ||

Bounded size to limit
S← S || sC
if |S| m thenBounded size to limit

computing time
if |S| = m then
U’← simplify S with bound ε δcomputing time U ← simplify S with bound ε – δ
U’← U’ \ ( first(U’) )

Enhanced with internal
U ← U \ ( first(U ) )
U ← U || ( first(U’) )

compression approach
|| ( ( ) )

S← ( si ∈ S : si.t ≥ last(U).t )

Allows for different line
i i

end if
Allows for different line

i lifi ti l ith
if LDR causes update then
U’ i lif S i h b d δsimplification algorithms U’← simplify S with bound ε – δ
U’ U’ \ ( first(U’) )

Computational cost vs.
U’← U’ \ ( first(U’) )
U ← U || U’p

reduction efficiency
U ← U || U
lV ← new velocity prediction …reduction efficiency lV ← new velocity prediction …
send update (|V \ U|, U \ V, lV)p (| \ |, \ , V)
V← U’
U ← ( )

end if
d hilend while

Evaluation ResultsEvaluation Results

Comparing GRTS to other RTS and offline algorithmsp g g

Si l t d ith > h GPS t f O St tMSimulated with > 400 h GPS traces from OpenStreetMap

GRTS outperforms
b t i RTSbest previous RTS
approach by 3 ×approach by 3 ×
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