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Trackingé Plethora of Application Domains
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Trackingé Global Perspective

·Process

involving:

Devices capable of sensing 

particular phenomena

Sensors: 
Vibration, Acoustic, Temperature, Humidity, 

Acceleration, Images, Location, Heart rate, 

Salinity, CO2éConstraints on sensors: 

GPS: imprecision; does not work indoors

Roadside Sensors: cannot distinguish lanes

Cameras: Cannot be place enough-many (not cheap)

RFID: non-flexible (cheap tags, but readers location)

é

é

Devices capable of 

communication

Constraints: 
WSN: energy depletion

VANET: proximity; freshness

Participatory Sensing: privacy;

coverage

Indoor: scatteringé

é
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Trackingé Global Perspective

·Process

involving:

Processing Environments and Algorithms: 

Distributed (in-network)

Centralized

é

Devices capable of sensing 

particular phenomena

Devices capable of 

communication

With a purpose of: 

Detecting occurrence of event or predicate (composite event)

Constructing notifications (and other actuations)

Maintaining answers to (continuous) queries

é

and, with Constraintsé (syntax, processing,é)
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Tracking ðMeta Perspective
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Real-time Constraints

Location/Mobility

Security/Privacy

Control/Processes
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Tracking and Mobile Dataé Seminar Context

Mostly, impact of location (+ time);

Impact(s) of detection(s);

Global Settings:

- Location Based Services

- Data Fusion

- Social Networks

-é
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Outline

·History

ƁAncient

ƁLess Ancient

·Moving Objects Tracking

ƁRoad Networks

ƁWSN

·Queries/Predicates 

ƁShapes Tracking

ƁApplicationsõ domains and properties

·Tracking Boundaries and Topologies

·Tracking and Social Networks

·Influence and Diffusion Tracking
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History ðAncient Times

·Historically, the first òorganizedó/recognized tracking 

was in the domain of hunting

ƁStill popular today (appsé)

·Similarly ðwarfareé 

·Less commonly acknowledged in the past centuries, but 

much more so in the more recent past:

ƁTracking of celestial bodies

ƁCorrelation with earthly tasks/processes

¶Seasons; Planning (harvest)

¶Navigation 
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History ðLess Ancient Times (FF)

·Tracking (énot exactly mobileé) data:

ƁCensus

ƁStock market

·WW II:

ƁRadars ðissues:

¶Representation

¶Coverage

ƁSonars (relative positioning)

·Tracking 

ƁShips/Trains

ƁGoods/People
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Trackingé Present; Mobile Data

·Generation of data:
ƁGPS; Sensors; Inductive Loops; Probe-cars; é

ƁSmart phones

òNetó-effects:

O(PB) from GPS data (x 400 for cellular-based)

Tens/Hundreds of Sensors, generating ~20GB daily (not counting appsé)
10
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Tracking Moving Objects

·Moving Object

Any real-world element

that may be perceived as

ñuniqueò (a car, a person)

Changes its spatial whereabouts over time

(during its existence)

Trajectory: continuous mapping from Time to (some Geographical) 2D Space
I(Ì) R ­ R2

or, parameterization over time: a(t) = (ax(t), ay(t))

Trajectory = {(ax(t), ay(t),t)| t ÍI}

ÅDescription

ÅRepresentation

ÅManipulations (Querying)

Objects may have (spatial) extent ðmobile shapes/volumesé
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Inductive loop sensor

Tracking Moving Objects 

Cars equipped with internet 

access (stream music, be 

alerted of traffic and weather 

conditions, driving-assistance 

servicesé)

GPS location data
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Tracking ðUncertainty and Data Fusion

·So, two sourcesé

L1(x1, y1, t 1)

L2(x2, y2, t 2)

S1(x s1, ys1, t s1)

L11

L12

L13
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On Lake Shore Drive, 

Cars back up at the 

rightmost lane by 

Belmont Avenue exit.

Different lanes on the same 

road-segment may have 

significantly different 

speeds.

Tracking ðData Fusion and Lane Awareness

15



MDM 2018,  Aalborg

Tracking and Lane Awareness

·Solution:

1. Augment map-matching with lane awareness;

2. Generate Unit Cell (UC) for each lane;

3. Cluster ñacceptably closeò UC

16
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Tracking, Lane Awareness Ý Improved Routing/Navigation

1. Augment map-matching with lane awareness;

2. Generate Unit Cell (UC) for each lane;

3. Cluster ñacceptably closeò UC

Å spatial range æS
kl = d+

klīd
ī

kl

Åtemporal interval æT
kl = t+klīt

ī
kl

Å set of trajectories Dkl = [Tr1,Tr2,...Trn] 

the GPS points of which belong to it
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Tracking in WSN

· Wireless Sensor Networks (WSN)

Ɓ102ð103 nodes capable of 

¶Sensing

¶Computation

¶Self-organizing in a network

· Contexts:

ƁEnergy-sensitive

¶2-3 orders of magnitude more òeaten upó by communication

ƁDeployment

¶Irregular/Imprecise

¶Hostile environments

ƁQueriesõ answers may be needed in dedicated sink(s)

ƁTrajectory determined by tracking

¶Location « collaborative trillateration
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Tracking and Trajectories in Sensor Networks

Sink

S1

S2

S3

S4

S5

S6

S7

Expected Motion

Tracking:

- Does every location-sample need to 

be transmitted?

- Who is the tracking principal?

Continuous ­ 5

Discrete  ­ 4
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Trajectories in Sensor Networks ðTracking Epoch Model

Epoch:

Discretely-synchronized time interval during which 

ranging measurements are aggregated to achieve onesample

Active tracking NOT

required during 

Idle/Sleep periods
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Tracking with Device/Regime Awareness

·Prediction Approach
ƁCurrentLocation

ƁPredicted velocity

·Goal 
ƁPick farthest node along the 

predicted trajectory to 
minimize number of hand-
offs

·Mechanism:
ƁDefine a sector-area

where ideally the best 
candidate principal node 
should reside

When target oi approaches the limits of the 

sensing area Lk of the current tracking principal 

Pk = sn1, based on velocity information, node 

sn5 is selected as next principal Pk+1, which is 

located within the defined relay area 
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Tracking in WSN ðother issues

Using Uncertainty: Which nodes to awake during epoch-based tracking? 

Minimum Disks Cover

23

Tracking Ýadjusting of routing structuresé
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Tracking Mobile Shapes

·Detect an occurrence of a shape S in the network 

such that

ƁThe area of S > A

ƁThe smallest value read by sensors in S is at least ɔ

25



MDM 2018,  Aalborg

Tracking ðWSN and Mobile Shapes

· Group relevant points via DBScanwith density 

= 1, Ů= sensing range.

· Apply ɢðshape algorithm to approximate 

concave polygonal boundary.

· Calculate the area, discard if not large enough 

to satisfy the definition of the predicates.

· If partial shape is on the edge of the zone 

controlled by a local principal, forward it along 

the hierarchy
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Mobile Data: WSN and Mobile Shapes

Data Data Data

- Does one really need all the 

òevolutionaryó events and 

predicate-changes to be reported?

- If not, what is the òéI can leave 

withéó:

- Probabilistic Syntactic 

Constructs/Semantics;

- Implementation;
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Tracking Clusters: Co-MaxRS

·Consider a rectangle that is FOV of a drone:

What should be the trajectory of the drone that ensures 

max. number of òobjectsó in its FOV?

Object location at t0

o2

o2
o2

o7o7o7
o8

o6

Object location at t1Object location at tmax

o5 o5 o5

o4

o4

o4

o3

o3

o3

o1

o1

o1

o6

o6

o8
o8

ÁContinuous detection of òmost interestingó regions for mobile entities
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Tracking Clusters Mobile Data: k-MaxRSin WSN

30



MDM 2018,  Aalborg

Tracking and Mobile Data: Push vs. Pull

ñIf an object has been continuously moving 

towardsRI for more than 5min., 

begin tracking it with at least 2 cameras

when it gets closer than 100yards. 

Subsequently, if thatobject is identifiedas 

human carrying a bag , maximize the focus 

of the closest camera, and transmit its stream 

to the monitor in the closest patrol vehicleò.
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Tracking and Predicates in WSN ðContinuously Moving Towards (CMT)

32

Voronoi diagram of the query region;

Disseminate the boundary (edge or vertex) 

throughout the V-cell

Inside an edge-cell:

object can only move towards or away 

in-between successive location samples

Inside a vertex-cell:

similarly, except:

if the perpendicular to the line defined 

by consecutive location samples falls 

inside the segment, the object òflipsó

Maintain a temporal-accumulator and update it with every new

location sample

Å add of moved towards and still does;

Å reset to 0 if òflipsó from towards to away

Observation:

consumption of primitive events?
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Indoor Tracking

·GPS does not work inside buildings

·Must resort to other òtricksó:

ƁRFID based

ƁWi-Fi bases

ƁCameras

·Coupled with other data

ƁFloor-plans

·Indoor LBS applications abound:

ƁNavigation (people/robots)

ƁInventory

ƁPatients/Staff

ƁAmbient Intelligence

ƁLuggage

Ɓé
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Indoor Tracking ðRFID 

·Relies on 

ƁTags (transponders)

¶Active or Passive 

ƁReaders (transducers)

ƁDB

·Typically, partitions space in grids

·Uses RSSI based òEuclidianó distance
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Indoor tracking ða RFID vs. Wi-Fi

·RFID:

ƁTracking of goods/people/animals/books/luggage; Travel 

documents; Car keys

ƁFeatures:

¶Contactless; Re-Writeable; Data ranges/capacity; No LOS; Multi Tags

·Wi-Fi:

ƁSimilar tracking-domains and (high-level) architecture/components

ƁHowever:

¶Bulkier devices; More expensive hardware

¶Often, fingerprinting required; (k)NN algorithms used for distance

¶Suffer more from interference (Access points); Smaller range

¶Much higher transfer rate/bandwidth

¶Better Security (RFID can be easily cloned)
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Tracking in the IoT worldé

·Heterogeneity of 

devices;

·Semantics;

·Coupling(s) between:

ƁData;

Ɓ(Predictive) Analytics;

ƁFeedbacks/Actuations

¶Changing the operating 

regime of the very devices 

that gather the dataé

¶Typically, ~O($10s) per 

òdeviceóé
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Microcontroller Radio

Communication

Flash

Storage
Sensors

Network
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SenseableCities
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