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Ecosystem Monitoring
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Tricang k GlavgrérspGlvoe bal Perspec/iti ve gifml

Process
Involving:

Devices capable of sensing
particular phenomena

Sensors:
Vibration, Acoustic, Temperature, Humidity,

_ Acceleration, Images, Location, Heart rate,
Constraints on sensors: Salinity, CO26¢

GPS: imprecision; does not work indoors
Roadside Sensors: cannot distinguish lanes
Cameras: Cannot be place enodgiany (not cheap)

RFID: norflexible (cheap tags, but readers locationf-onstraints: |
= WSN: energy depletion

VANET: proximity; freshness
Participatory Sensing: privacy
coverage

| ndoor : scatterir
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Devices capable of
communication
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Tricang k GlavgrérspGlvoe bal Perspec/iti ve gifml

Process
Involving:

Devices aapsiille aff sasaigg
partRulRirpenenrha

Devices aspalille af

communication

Processing Environments and Algorithms:

Distributed (innetwork)

Centralized With a purpose of:
e

Detecting occurrence of event or predicate (composite event)
Constructing notifications (and other actuations)

Maintaining answers to (continuous) queries
e

and, with Constraintsé (syntax
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Trackingd Meta Perspective

Data/ Analytics

\\~
- ONE Location/Mobility
- 5
«~” .~
Sa
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Mostly, impact of location (+ time);
Impact(s) of detection(s);
Global Settings:
- Location Based Services
- Data Fusion
- Social Networks
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Qutline

. History
BANcient
BLess Ancient

. Moving Objects Tracking
BRoad Networks
BWSN

. Queries/Predicates
BShapes Tracking
BApplications0d0 domains and |

. Tracking Boundaries and Topologies

. Tracking and Social Networks

- Influence and Diffusion Tracking
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History 6 AncientTimes

Hi storically,
was in the domain of hunting

popul ar t
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Similarbwar f ar e é

Less commonly acknowledged in the past Centurles bu
much more so in the more recentspasti

BTracking of celestial bodies |
iﬂ\

BCorrelation with earthly tasks/processe

Seasons; Planning (harvest)

Navigation
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History 0 Less‘Ancient Times (FF) = @T@@ “‘

- Tracking (énot exactly mi
BCensus
BStock market

- WW I

BRadars issues:
Representation
Coverage

BSonars (relative positioning)

- Tracking
BShips/Trains
BGoods/People

MDM 2018, Aalborg 9



Triiclane. kK AreRegt@1obPerDers ent ; Mobi | /e

. Generation of data:

B GPS; Sensore: Indiirtivie | none Pemha r < - A
Connected-Car Shipments Forecast

B Smart phone (Global)
i B Global Cars Shipped Shipped With Connectivity

9% Video Camera 92

A <7 | Windshield
Hazard | /A\ i - Wipers
ights / X e = @, | Ignition
- i — N — = = > — o7 Brake 69
B Pressure
. | ” X - 47
el P N | \\\ ° L0 = V- = AW \
| £ et = SRt |
1 (=) Eletronic ‘ 7 il
‘) Stabilty
Santrol (@) ultrasonic - At
~  Parking =0 Headlights
Sensor
A Q% Fog Lights

2013E 2014E 2015E 2016E 2017E 2018E 2019E 2020E
Bl INTELLIGENCE

Millions

Source: Scotiabank, Bl Intelligence Estimates

0 N e-dffécts:
O(PB) from GPS data (x 400 for cellulzased)

Tens/Hundreds of Sensors, generating ~20GB dlatyot counti ng appseé
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Tracking'Moving Objects b /1 i

- Moving Object\
/ Any realworld element

Changes its spatial whereabouts over time that may be perceived as
(during its existence)

Auni qgueo (a car,

Trajectory: continuous mapping from Time to (some Geographical) 2D Space

(1 )R- R2
or, parameterization over tima(t) = (a,(t), a,(t)) ADescription |
ARepresentation
Trajectory = {@,(1), a,(t) )] ti 1} MManipulations (Querying)
Objects may have (spatial) extedimo bi | e shapes/ vol umesé
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Tracking'Moving Objects g :

(.'.‘i'.;'é'..;".'.".'.“.?.

Inductive loop sensor

Cars equipped with internet
access (stream music, be
alerted of traffic and weather
conditions, driving-assistance
servicese)

N~ p—

GPS location data

i <t <tiy1
(:.E - mi)ﬂ + (y - yi)g E [(t _ t'i)wjna-m‘]z \\ Po%sil;lt?locaﬁonsatt=ﬁ
(0= 20)" + (v~ 3o1)? < [(Gs1 — Whnaal® |
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Trackingd Uncertainty-and DataFusion

- S0, t WO SoUrcese

Sl(xsll YSl’ tsl)
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Trackingd Data lFusion and-LaneAwareness
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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.
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Tracking.and Lane Awareness

Solution:
1.  Augment mapmatching with lane awareness;
2. Generate Unit Cell (UC) for each lane;
3. Cluster nacceptably c¢closeo UC

Highway
PR < SR el e n P+'s candidates P,'s candidates P.'s candidates
A O o ‘ v P
P1
1
c
A2 ..................................................................................................... B2 n
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Tracking; Lane Awareness Improved mlusiingg\ma%igi@%ﬁ g (

[ S

JJemporal (s) 1. Augment mapmatching with lane awareness;
2. Generate Unit Cell (UC) for each lane;
/.,/ 3. Cluster facceptably cl o
1
Sl L . _ _ -
A ) A spatialr a n ¢8g= deg 7 €y
o1y ilns Sl:)atialRange(m) A tem P _0 r a | Tk' :rt+kl TeltEI v al e
g Vi v A setof trajectories Dy = [Try,Tr,,.. Tr,]
the GPS points of which belong to it
Lane width (m)
A B
\‘ !
D ,," ! C "&\-unmmbwmnwm S

g
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Tracking inWSN

Wireless Sensor Networks (WSN)
B 10? 6 102 nodes capable of
Sensing
Computation
Selforganizing in a network
Contexts:
B Energysensitive
2-3 orders of magnitude more oe
B Deployment
Irregular/Imprecise
Hostile environments
BQueri esd0 answers magnk(b)e needed
B Trajectory determined by tracking
Location« collaborativetrillateration
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Tracking.and Trajectories in-Sensor Networks

\\,\ \‘{‘//ﬁ \} ¢ _ Expected Motion e & Continuous- 5
- L, S6 =
St
el g * -
TraCkIng ani_ng T_arget
- Does every locatiorsample need to PP v " Direction
be transmitted? | -

- Who is the tracking principal

Sampling
not required fra.nglng
to be covered

Discrete - 4
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Trajectoriesiins:Sensor/Networks Tracking-EpochiMaodel

Epoch:
Discretelysynchronizedime interval during which
rangingmeasurements are aggregated to achiewesample

»e Epoch { »e
Request Receive Parform
Remote Remote Transfer of Tracking
Samples Samples Principal, if not self

W

LA e =L
Perform Local Perform Sllect MNext j ;
Sampling. Trilateration Tracking Active trackindOT
Sampling Remote Samples Principal required during
Timer Event \/ are also measured (can be self) Idle/Sleep periods
at this time
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Trackingwith Device/Regime Awareness

Prediction Approach
B Current.ocation
B Predicted velocity

Moving
Target
Location

Q.

Goal |
BPick farthest node along the %

predicted trajectory to
minimize number of hand

offs
Mechanism:

BDefine a sectoarea

where ideally the best —
candidate principal node When targeto; approaches the limits of the

should reside sensing arel, of the cur_ren_t tracking principa
P, = sn,, based on velocity information, node
sn; Is selected as next principBl,,, which is
located within the defined relay area

-~
-
-~ -
e s e o =

MDM 2018, Aalborg 21



Tracking inWSND other issues

Using Uncertainty:Which nodes to awake during epbetsed tracking?

t Minimum Disks Cover
A

tz =t1+ﬂ —Q
| —
tI =tg+ﬂ —{ -

TrackingY adj usting of routing structuresé

[ S .
tosink 4 sy . , kllnsmk4 S R
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& 4~ > “ e, \
' \ l X -~ | "’
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NN , \
tofsink 3_..¢" =2~ Wronitoring regi o  tosink2 )| |©0O \ . >
| +-0 monitoring region ¢ tolsink 3 S R on tosink 2 ©
MDM 2018, Aalborg monitoring region © X
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TrackingMobile Shapes ,@Tﬁﬁg

Detect an occurrence of a shape S in the network
such that

BThe area of S > A
BThe smallest value read by sensors in S is at kpast

200
180
160 -
140 |
120
100 | 7 50
80 | 5
60 3

Temperature (° F)
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Trackingd WSN and/MobilesShapes

Group relevant points vi®@BScarwith density
= 1,U= sensing range.

Apply G dshape algorithnio 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

. O controlled by alocal principalforward it along
O the hierarchy
o O
O
O
O
O 0
O ®
- O
5 O

O
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Mobile Data: »andMobile.Shapes

- Does one really need all the
oevolutionaryo e
predicatechanges to be reported?

-I'f not, what I s
witheo:

- Probabilistic Syntactic
Constructs/Semantics;
- Implementation;
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TrackingClusters:CMaxRS gire (G

. Consider a rectangle that is FOV of a drone:
What should be the trajectory of the drone that ensurc

max. number of oOobjectsod
- - ---"-"-"-"-"-"-""=-"=-""="="="="=""=""=/""=/""=""=-""/"=""77 I
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Olhject locadion ad t,,.,
AContinuous det ecti on of Omost interestingo r
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TrackingClusters'Mobil®ata:k-MaxRIn WSN

WSN M Principal @ Sensor Motes WSN M Principal @ Sensor Motes
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Tracking-and"Mobile Data:Push ws! Pull

Al f an ob jcatndously ensvind €
towardsRI for more than 5min.,

begin tracking it withat least 2 cameras
when it gets closer than 1§@rds

Subsequent)yf (atobject isidentifiedas
human carrying a bag, maximize the focus

of the closest camerand transmit its stream
to the monitor in thelosest patrol vehict .
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MDM 2018, Aalborg

Voronoi diagram of the query region,;
Disseminate the boundary (edge or vertex)
throughout the Vcell

Inside an edgeell:

object can only move towards or away

in-between successive location samples
Inside a vertexcell:

similarly, except:

if the perpendicular to the line defined

by consecutive location samples falls

i nside the segment,

Maintain a temporahdccumulator and update it with every new
location sample

A add of moved towards and still does;

A reset to O if oflipso fr

Observation:
consumption of primitive events?

o
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Indoor Tracking

. GPS does not work inside buildips

P

Indoor LBS applications abound:, |

BNavigation (people/robots) .
Blnventory
BPatients/Staff
BAmbient Intelligence . Coupled with other data
BLuggage BFloorplans
Bé
Must resort to er otri
7) . pESye . W
BRFID based b
l_\ﬁ.‘l e /’\" ~,;/:V‘—,
BWi-Fi bases N
: s;;«
B Carneras 3 %{,sgc
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Indoor Trackingd REID

Relies on

BTags (transponders)
Active or Passive

BReaders (transducers)

BDB
Network
Data
Processing
]
- Typically, partitions space in grids ~ « -
- Uses RSSI based O0EuUcl i di a

8
i/
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Indoor trackingd a RFEIDvS/\WFi g (0

RFID:

BTracking of goods/people/animals/books/luggage; Travel
documents; Car keys

BFeatures:
Contactless; R&Vriteable; Data ranges/capacity; No LOS; Multi Tags

- WI-Fi:
BSimilar trackinglomains and (higlevel) architecture/components
BHowever:
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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TrackinginithdoTwolr | d é

Figure 1 — A new dimension

Any TIME connection
/

« On the move
= Qutdoors and indoors

= Night = On the move
*Daytime « Qutdoors
= Indoors (away from the PC)

= At the PC
4. ANy PLACE connection

= Between PCs
» Human to Human (H2H), not wsinga PC

= Human to Thing (H2T), using generic equipment
- Thing to Thing (T2T)

Any THING connection

Sowurce: MU adapted from Nomura Research Institute

Radio
Communication

Microcontroller  Flash
Storage

Sensors
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Heterogeneity of
devices;

Semantics;

Coupling(s) between:
BData;
B(Predictive) Analytics;

’BFeedbacks/Actuations

Changing the operating
regime of the very devices
t hat gather t1

Typically, ~O($10s) per
odeviceoeée
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Senseabl€ities
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