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| N
felgq;sa loT Interpretation: Not only «Things» gflw

G ¢ K is a giant wireless network of connected
things, which also includes people The relationship
will be between peoplepeople, peoplethings, and
thingsthingse

Forbes, 2015
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Things understand the

First smart object: social behavior/needs

Internet Cokemachine

of people
o _ Objects adapt their ¢
E\lanerltS |?fo aklbOUt- actions according to: °
umber of cokes AHuman behavior
ATemperature

ARelational models

AAuthority ranking o
A)( .

Smart Objects Social Objects

| (1982 (2009 (when 9 >

Acting Objects
Ol ol g

e —

=

Makes autonomous actions:
ADrives from A to B

AStops at intersections
AAutomatic parking

®’

Example: Google
Connected Car
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Things understand the
social behavior/needs
of people
Objects adapt their ¢
actions according to:
AHuman behavior

ARelational models
AAuthority ranking o

First smart object:
Internet Cokemachine

Transmits info about:
ANumber of cokes
ATemperature

(

Smart Objects TheObjectsPeople Relations social Oblects
e are more and more e >
fundamental!

WHAT CHALLENGES?
k bmous actions:

=mree=rdin A 10 B
AStops at intersections
AAutomatic parking

Example: Google
Connected Car
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ObjectsPeople interactions introduce Nonstationarity and
Spatiotemporal Variability in 10T architectures

A Nearfield Focused Antenna

CHALLENGES 'y/{ ANovel Antenna Design

A Passive Communication
A Ubiquitous Connectivi

A Autonomy and Resi”en(;e\ AWireless Power Transfer

A Backscatter Communication
A Energy Harvesting

A Low-cost
A Mobility \{ARHDTechnology

A Chipless Tags
A Textile Substrates

A Opportunistic EM Localization
A Ultrawideband Technology
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ObjectsPeople interactions introduce Nonstationarity and
Spatiotemporal Variability in 10T architectures

A Nearfield Focused Antenna

CHALLENGES 'y/{ ANovel Antenna Design

A Passive Communication
A Ubiquitous Connectivi

A Autonomy and Resi”en(;e\ AWireless Power Transfer

A Backscatter Communication
A Energy Harvesting

A Low-cost
A I\/Iobility;\\‘ { ﬁg;lgezicgg;ogy

A Textile Substrates

" Where are the moving
targets/users A Opportunistic EM Localization
_respect to loT architectures AUltrawideband Technology
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Examples of locatiofbased services

Indoor Navigation Emergency Team Smart Building
(you are here) Localization management
(e.g., smart lighting)

Service: Service: Service:
Provide best routes to fit ~ Support search&rescue Building plants usage
user needs operation / finding way only where needed for
of escape energy saving
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Examples of locatiofbased services

Indoor Navigation Emergency Team Smart Building
(you are here) Localization management
(e.g., smart lighting)

Acquisition of loT data is useless without the knowledge of the user positiopt

Service: Service: Service:
Provide best routes to fit ~ Support search&rescue Building plants usage
user needs operation / finding way only where needed for
of escape energy saving
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[ ] Target Localization througDpportunistic
Exploitation of Existing Wireless IoT Devices

Voice call

\[ Network access ]

& \\/eb services ]

WiFi Acce§P0|nts

TETRA Terminals

Position ]

Target

Wireless Sensor Network

Wearable Sensors
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[ ] Target Localization througDpportunistic
Exploitation of Existing Wireless IoT Devices

Voice call

\[ Network access ]

& \\/eb services ]

WiFi Acce§P0|nts

TETRA Terminals

Position ]

Target

Wireless Sensor Network

Wearable Sensors
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fe!_egig Solutions for EM Positioning by IoT = w\

Presence/Position/Movement estimation of targets moving
throughout a domain monitored b Twireless technologies

[ Wireless Localizatiori

Indirect

Non-Cooperative Non-Cooperative
User User

Non-Cooperative Cooperative
User User

\ 4 ‘l’ A 4 \l/ \ 4

\ 4
: . Accurate Rough
User detection User profiling ) . : Occupancy level
[ (target presence)} [(behavior/interaction)} [ tracklng } [ trajectory J [CI‘OWd detectlon} [ (crowd)

(target trajectory) (single targets)
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fe!ggg Active vs Passive sff“fv

f Wireless loT
s “ device
rfJ\\\ target 2

~ O

~
. L/ )
Active &

Target is the transceiver
Processing of received EM
power of active wireless links e )

Crowd as equivalent EM source

lg \\>>> ﬂ&.& eéiﬁ.& \\\\gﬂ
1 Vﬂ fl To

Passive

Target is transceiveree // £ Wieless foT
Analysis of EM perturbation scattered flelé C’“ device
caused by passive targets =
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The target presence is
inferred from the EM
perturbation

The target presence is inferred from
environmental changes measured by
the sensors

15

N

n n \Q
Direct vs Indirect 3w
Wireless loT

device ¢
C’\ From target to EM sensor

EM Target
S|gnature

Environmental\Jarget
signature

N,
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f Wireless loT
'f(’“\ device
R
= i Information R
ngera ve ¥. exchange Additional
arget locationbased info

Target Interacts/participates 4 LB ARG

to the localization process
(e.g., through dedicated
applications)

Non-Cooperative
Target

Target does NOT provide informatio |
to the localization system
(eventually just wears a terminal, if
active)
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w EM Positioning for lod Intro & Motivation

w Active Localization of Mobile Devices
w Localization through optimization
w Semantiebased probabilistic approach
w Passive Localization of Transceifree Targets
w Target tracking
w Crowd detection
w Indirect occupancy estimation

w Conclusions and Actual Trends
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dia Active Localization > e

e Accurate tracking of wireless devices in indoor domains
Objective . o
exploiting existing infrastructures

[ Wireless Localizatiori

Indirect

Non-Cooperative Non-Cooperative
User User

Non-Cooperative Cooperative
User User

! . ! ! }

\
. B} (~ Accurate Rough
User detection User profiling ) I . : Occupancy level
[ (target presence) } [ (behavior/interaction)} : track!ng I tr_ajectory Crowd detection (crowd)
« (target | trﬂe_ctgy)_l (single targets)
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MAIN APPLICATIONS  |ocationbased servicethrough enduser devices

~

Alndoor Navigation | benefits
APersonalized Advertising | for the user

AMarketing Analysis | benefits
AFlows Management ( for the provider

V Compatibility with commodity devices

V Exploitation of existing wireless IoT already
connected

localization technologies?..
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OR Codes v Proximity only
¥ Require user interaction (take picture)

Wireless passive tags ¥ Proximity only
v Require infrastructure (deploy tags)
? High localization accuracy

Custom devices v Require dedicated infrastructure
v Prone to technology progress

Wi-Fi networks v Not designed for localization
J Infrastructuredependent performance @@
4 Highly diffused
4 High coverage

opportunistic approach?..
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which information?

Time of Arrival (TOA) v Requires accurate time synchronization

Angle of Arrival (AOA) J Requires dedicated infrastructure and
calibration

Very noisy indicator

Amplitude only information

No impact on the infrastructure
Available on all transceivers

Received signal strength (RSS)

> > €« <«

opportunistic approach?..
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which information?

Time of Arrival (TOA) v Requires accurate time synchronization
Angle of Arrival (AOA) J Requires dedicated infrastructure and
calibration

Very noisy indicator

Amplitude only information

No impact on the infrastructure
Available on all transceivers

Received signal strength (RSS)

> > €« <«

[1] F.Vianj F.Robo| A. Polo, P. Rocca,@liverz ' yR | @ al aal X &2 ANBfSaa | NOKAGSOGdzZNBa F2NJ KSGiSNRraASyS2dza aSyaiy3

home applicationg/ 2y OSLIia FyR NBFf AYLI SYSY{LSORYEBIEA L B OBBRWYRAE p¥HNIKSH2982Q

Invited Paper, vol. 101, no. 11, pp. 238396, November 2013 (DOI 10.1109/JPROC.2013.2266858). H . :
oppatemistic lamuinaeA?. .
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Indoor domain D

Q Mobile WiFi enabled device
(e.g., smartphone, tablet)

Y [m]| ; _ . - | @ Known WiFi Access Point (APs)

f ; \ -
gt 11T 7 B / ; Received signal strength
I ¥ L e of n-th AP
L | (X1 V) RS&

A XG [m] .
RSS .
@ > | RSSased LOCALIZATION T oues
——> (%, yr)
@ RSS METHOD .
Target position
RSS measured w.IAP, T

I
environmental information
(e.g., AP positions)

how to estimate position

from RSS measurements?..
23 © 2016- ELEDIA Research Center



et RS&hased Methodologies 3 Fure

Fingerprinting
Bhe o o |
| |
q g |
@ .

RSS signature mag

Which cell has the

bestmatching signatur@

4 Accuracy
¥ Long offline training

V' Prone to environment changes

24
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Propagation Based

| |
' S ‘
. 5 ‘ reflection,
@ g ‘ diffraction,
\ scattering

»® Numerical EM model

|:> What is the estimated distance
between AP and target?

4 Scalability, No Training
Vv Prone to EM model accuracy
v Complex propagation in indoor

[ proposed method..]
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PROPOSED METHOD  Recast the location probleias anoptimization problem

Find the optimal position(x, yr)

subopfimal that minimizes the twoterms functionw

N

Suboptimal
weighting coefficients

Wx,y,g) /(—T\ (x.y)

{

=aQ\x,y,g)+ bD

subdpmnmh_'”""“ﬁ; M
| e optimal
(XT ' Y7 ) g

RSS Propagation Probabilistic
based based
solved by: o _ _
Particle Swarm Optimizet Exploit different information sources

omMB8 td® w200l ad . SYySRSGGAT ad 52yStfAY 50 CNIyYyOSaAaOKAYAI [yR ! & alaals a9@2
AYOSNES InBoProBlefs ZSth Year Special Issue of Inverse Problems, Invited Topical Review,

vol. 25, pp. 341, December 2009 propagation term..
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%ot Propagationbased Term > Fuee
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WIRELESS PROPAGATION Minimize difference betweerstimatedand measured RSS

N .. B )
. aflrssley.a) Rl v
Q(x, Y, g) ==
4 {IRs¢z (%, v, )P}
where n=1
RSE2(%: Yn))  preportionala the EM fielc
Z(Xn’ yn) = FJT 37 (x', y'k;(x" y'| Xns Vi )d)( dy E}'/V'\RIIGLE r:ﬁilsurements

RSS estimateby the
EM propagation model
(log-shadow path loss)

- %, +(y- vo)

Rs$,(x, y,é): P, - 10/ |og§ - -
0
¢

1-OO0: OO

— EMchannel parametersector N Number of APs a (x
g= [Po’/ : f] used in the propagation model ( n yn)

propagation model..
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WIRELESS PROPAGATION Minimize difference betweemeasurements and estimatiol

2
a 1[RS$,(X y.9)- RSz (x,.v, )l 8 ;
Qlx,y.g)="1—
: 2
a {[Rse(x,. v, )|
n=1
Numerically estimated Pathloss TXRX distance
Received power exponenté a/( )2 ( )2 G
— A[{X- X +1lV-
e e
_ Transmitted 0 = Gaussian
g:[Po,/,r] power, measured Reference random
at d, distance from variable
transmitter (noise)

Logshadow path lossnodel

Ll [l 4 Simple

. W R 4 Computationally efficient

v Accuracy in indoor environment
© 2016- ELEDIA Research Center

Received Power [dBm]
b 4 L & &
s &

probabilistic term..
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PRESENCE PROBABILITY Exploita-priori probabilistic information

Concept:

D()(, y) =1- Pr(X, y) | Target presence probabilitgr(x, y)

IS not uniform in the domain

Pr(xi, yi) =0 Pr(x,y) =1 Target cannot be inbstructed areas
r-------\‘ nor inside walls (Xi, yi)

\
[ 1

|

I

] \
“ﬁ-..ll ok / ‘\__.._

concrete smooth step for improving
material optimization convergence information available from blueprint

experimental validation..
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LOCALIZATION FRAMEWORHKMulti-client (App) / servesoftware framework

N

@l . . || | emer™ . Localization Server

—M 1 RSS meos\“ -
=, . i e == A —on ) ‘
; B~ 70" | A Run & compare algorithms
= J E sﬂmate
— BT e A Replay logs :

. o Wi-Fior 3G channel | A Interactive map & tools
— @ " ¥ | \ /
|l ][] ][
p . Realtime Analysis
Q SW App 'y

A Scan WFi networks (RSS)

A TX RSS to remote server

A Show position on device (==
\ J - ‘_ﬂll_jive Interaction

Multiple Location
Algorithms
Support

Logging, Emulation

validation scenario..
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SCENARIO Office facilitywith standard WAFi infrastructure

Indoor domain D conng Test site parameters
S lll LLL ij% X = 80.690 m
—l : T.ﬂ I Y =46.290 m
T ' U = 35 (test positions)
mm el La—— N = 8 (APs)
:¢l ﬂ= - J
| |
| ,
" N |Ceiling
c s : — mounted
mii :T TTT T T R Wi-Fi AP
= | B —
: I I L T j’.ﬂ I

X [m] ) Optimization parameters §
m Access points (AP) = Test positions (U) &x,, Yu) Py =[-48,-44] dBm d, =1m
/ =[2.2,4.9]
considered dataset ,
( ) Max-Iterations = 1000
in each test positiorm Population = 30
Amp w{{L &SRiscanfF m tofal:y ® 2 A - /
A 2 different smartphones 2100 test problems
A 2 different users statistical assessment..

& J
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Localization Error, ALy, [m]

Zoredis Experimental Validation > Foure
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STATISTICAL ASSESSMENTproved accuracgonsidering also probabilistic term

M T T T T T T T T T T T T T T T T T T T T o ation ol s Aggregated mean

Propagation + Probabilistic |Oca|izati0n error
12 +

Propagation only

ey
o
T

DL"® =7.15m
I d"° =5.45m
6|
i Propagation |

+ Probabilistic

|‘ ||| nill I‘H H | oP=6a9m

[ o _
S 6 289 4yl sl Yy s e U ls Yo H Ty DY e T D o D B D D Y d"P? =4.35m
Target Position Index, u

Mean localization error
(Euclidean distance)

1 U .. o ..
d= \/_af (oL, - DL Y Stanplar(_j deviation of
N Y localization error _
representative example..
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ﬁe'?f%?? Experimental Validation

REPRESENTATIVE EXAMPLENproved accurackhy considering also probabilistic term

4 )
Propagation only Propagation + Probabilistic
46 grewpwgpeys e S S 46 e I ey
. 11— - Iy -
CPRUIIIIITETE | PR
L =El 5 =kl
_ . — _ L . —
E 2 | T | E 23 ] <y I
> ] . . .Il_. > ] ) — ‘ll_.
11.5 Lo I J.%i— 11.5 Lol L] Léé—
NI el | L [ ]
0 20 40 60 80 0 20 40 60 80
x [m] x [m]
¢ Real target position Bl N w ~
<& Estimated positions
Ex —1¢

I_l_
T
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m I,

(maintenance room) optimization convergence..
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REALTIME DEMONSTRATIONPropagation only v$2ropagation + Probabilistic

‘ ‘I.
B ‘end

Propagation Only

M Propagation + Probabilistic
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w EM Positioning for loq Intro & Motivation

w Active Localization of Mobile Devices
w Localization through optimization
w Semantiebased probabilistic approach
w Passive Localization of Transceiege Targets
w Target tracking
w Crowd detection
w Indirect occupancy estimation

w Conclusions and Actual Trends
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e Passive tracking of wireless devices in indoor domains
Objective . : :
exploiting wireless propagation only

[ Wireless Localizatiori

Indirect

Non-Cooperative Cooperative Non-Cooperative Non-Cooperative
User User User User

\4 \l/ \4 ___i___ \4 \4

: . Accurate ( Rough ]
[User detectlon} [ User profiling } [ tracking } I trajectory :[Crowd detection} [Occupancy Ieveq
)

(target presence) (behavior/interaction) X 1 ; (crowd)
(target trajectory) «~ (single targets)
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Problem Geometry
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Background-Inhomogeneous Region

IGenericEM
Source

g

Incident
wave

Obstacles

Field measured without the targetz([m) m=1,.

36

Measurement
> Points
r,m=1....M
r=(xy)
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Backgroundwith the Target

_ I oL
IGenericEM Q

Source

. Incident

O§ wave ~
é Measurement

Target ). Perturbation > Points

r,m=1....M

e °[m D [:(X1Y)

| =<
w

£
I
N

Fieldmeasuredwith the target A[m) m=1...M
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Backgroundvith the Target

Generic EM r
L] I
&Jrce Q Q-2

Bave
Target é{y

| 4

Field Equivalence Principle

N

Fieldmeasuredwith the target
X([m) m=1...,M

© 2016- ELEDIA Research Center

—— e e e e e e e e e o

Problem

——————————————————

Inverse Scattering

,.<>"

EquivalentSource
ol o>

: r3
sorce ) 2
S

M S 9

Fy :

o °r, D

=AJ(r)} m=1..M
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Field Equivalence Principle > Fee

EquivalentSource

Equivalent J (I')

Source

Relative

Permittivity

[table

© 2016- ELEDIA Research Center

X(Ln) =A{J(£)}

"rIT

°_
2 Materlal /

- Properties

. f(L)- 1+ ]

N
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m=1....M

Fleld within
the target

QS'}— Conductivity
Vacuum

Permittivity

target
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Bredic Problem Formulation e

?&L .£1 .[2 .£1 .[2
ncident @3 o'
wave . Egﬂlr\cl;zlem J( )
9— + S *’» .
£M. = @ £M. . o
@ .£m D P 0£m D
X(r )—‘Z(r ""'rﬂ(r )G(r,,/r)dr’y m=1..,M
s )
Problem Find position and
Redefinition: occupation area
of the target
> W,
E =Xv(£m)- Zv(£m) m:]_’___’M -1 RX
— Zv(lm) V:].,...,M X
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How to solve the localization problem at hand?

Requirements:

Simplicity

Learning by Example
method samples are

A A W A v

Yy SSRSRX

© 2016- ELEDIA Research Center
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ﬁ@edo Proposed Approachk Training Samples s S
C o)
tv
° ° I,
@
A r
_\ _ - .
tgg\ 0 ) Eiw. HlnpuUOutput
. R e ill Relations
t - 2 e @ rEm,V (O~)\
g | . (t) t =1....T
Time Target Data —m time steps
Position
t=1 — £1 - Emv( :1) \Emv(T)
t=2 — I, — E,[t=2)
t=3 — [, —s Emv(t :3) Samplesexist
\_ _ — J
How canbe used?
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$Y r_,c=1...,C Positions
® °
=N X
0‘ ¢
AN SR
° ﬂ ./‘t =]
t =2
, X
Target PRESENCE = +1 @
Target ABSENGE. =- 1 @
Availablelnformations: y
A EM Field data >
A PointPositions
A BinaryStates

43 © 2016- ELEDIA Research Center



%>cds  ProposedApproach- Classification s/

CCCCCCCCCC

Training data set

G’ { E;r_,c;c=1...Cit=1.. T} c,i[-1]]

Objective
. - lassificat
Determine the class of Dresoncd O Funstion
membership for each \
. P F (9) Classc =1
input data c e
"X )
Known class of
membership
[
O 00
Absence | Determined Class

G

Class of membership exactly determined for each input data

44 © 2016- ELEDIA Research Center
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Drawbacks Presence IE(G) Classification
‘( —7 Function

F(Q) 4 -
N Classc =1 0 °
(1) Unbalanced Additional o 50 o
Information

Usually the number of samples ClassCc =-1

of class =1 (i.e.,Absencgislarger 0

thanthat C|aSSf+l (i.e.Presencg Absence

Theclassificatiorfunctionis biased G

towardsthe classwith more samples 00 00

Known class of Determined Class

(2) Good/Bad Classification? membership

No information on the reliability of the

classification is available since the output

is of binary nature. -

> orbinary Howto copewith

thesedrawbacks
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o Two-Steps Procedure > Fome
= Classification
SteQ 1 Presence FE(C—S) Function
Binary F(G)4 Classc=1 ., o ¢

Classification

|

Determine the ¢ ", ©O¢
class membership

Known class of
membership

OO0
Determined Class

Step 2

Binary Value Mapped into an 1
A-posteriori Probability

7

Determine the

¥~ Sigmoid Function

t{F (G} =

_1+eaF

degreeof class
membership

F(G
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%ot Step 1-Binary Classification 3 e
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\
o | Presencé
——p

Input space G

PROBLEM
non-linearly separablelasses (in the input space)

|

PROPOSED SOLUTION
Non-linear SVM
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B Step 2— A-posteriori Probability > Fure

FE(G) Classification
— Function

F (Q) i Class ¢ =1

0
Known class of
O O O O membership
OO0
Class c =-1 Determined Class
Degree of
Membership

ofe. =1d= {F (G} .

Probabilistic approacgives information on the distance
of the input samples from the classification function

48 © 2016- ELEDIA Research Center



%>ede  Step 2 A-posteriori Probability o
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A-Posteriori Probability:

Pric. =1/(c) g €=1...C

" 1+exlg®l Q)+ df

with g andd estimated by the minimization of [*]:

cP+1 € 1 g a1- c9g € exp “(s)+0,) A
U g, - - ai ai 1 = |Ogé f— ‘U+£—C |Ogé , C_ YU
o T2 é1+exp(\gEff) +0’)[g c 2 @ 6L+ exp|gE” +d)g§,

where
- F=F (o)
= {Er.cic=12 of%s=12 .  s<t

WF 6 Wo tfF0dGd at NPOolFOoATfAAGAO 2dziLidzia F2NJ adzLlLJAdNance®S Ol
in Large Marging Classifier&. J. Smola , P. Barlett, B. Scholkopf, D. Shuurmans (Eds.), MIT Press, 1999
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Step 2— A-posteriori Probability f'w;
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Deterministic Probabilistic
Classification Classification

N

1z ledia
center

Determine the class of Determine the probability that an input
membership for each input data data belongs to a class
y -
Pr{c=1)=1
| c-1 IPr(c: 1)=0
Wc=-1
Cc= sgr[PE(G
I Pic=1=0
Pric=-1)=1
X
Binary knowledge on the class Knowledge on the degree of membership

of the input data of the input data to the class
Additional Information
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Experimental Validationr Outdoor 5.

N

CCCCCCCCCC

Scenario
Arural area
Ano obstacles

SensomNodes

M=6

DomainSizelm]

<&

A

X, =5
Y, =3
Frequencyf GH2%

f =24
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Probability Map

LOCALIZATION
IN WIRELESS SENSOR NETWORKS

Real and Estimated Positions




feledq Experimental Validation Indoor s Fre

Scenario
Astandard office
Aobstacles

Sensomodes

M =8

DomainSize[m]

o =1
Y, =4
< > Frequency{GH3

Xo f =24
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%ot Demo-—Indoor Scenatrio (1/3) > Al

CCCCCCCCCC

Absence/Presence/Movement of Targets

Maximum @
of Probability

Estimated Position A
(Kalman filtered)




. M
%ot Demo-—Indoor Scenatrio (2/3) > Al

CCCCCCCCCC

Heterogeneous Movements

Maximum @
of Probability

Estimated Position A
(Kalman filtered)




. M
%ot Demo-—Indoor Scenario (3/3) > Al

CCCCCCCCCC

Unknown Obstacle

Maximum @
of Probability

Estimated Position A
(Kalman filtered)
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CCCCCCCCCC

w EM Positioning for lod Intro & Motivation

w Active Localization of Mobile Devices
w Localization through optimization
w Semantiebased probabilistic approach
w Passive Localization of Transceifree Targets
w Target tracking
w Crowd detection
w Indirect occupancy estimation

w Conclusions and Actual Trends
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Biedis Passive Crowd Detection > Fuure

COSTIC1301

e Detection of crowd presence in indoor areas exploiting standard
Objective
wireless networks already deployed

[ Wireless Localizatior]

Active

Non-Cooperative
User

Non-Cooperative Cooperative
User User

Non-Cooperative
User

. . Accurate Rough / \
User detection User profiling : ) I .1 | Occupancy level
[ (target presence) } [ (behavior/interaction)} [ traCkmg } [ tr_ajectory J I Crowd detection | (crowd)
(single targets) (singletargets) ) N __ _ o o o J
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7 eda  Passive Crowd DetectionScenario s

CCCCCCCCCC

Standard

| J wireless
.JH_“ 4__/— devices

M

\

PASSIVHE

"y @ 77| argets
— » -
-~ 2§

Crowd perturbghe EM propagatiorof standard
SR wireless devicepportunistic Localization
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60
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A Signal stability Standard wireless devices
are designed to minimize effects of undesm—: '

perturbations:

A Adaptive power control

A Frequency hopping strategies
A Jamming reduction procedures

A X

A Limited information. EM propagation is represente
by simplified/rough quality indicators (e.g., RSSI, I' "W

A Standardization Data acquisition method is regulated
by standards (e.g., IEEE802.11) qqep [E554)

802

IEEE

CERTIFIED®

«Target signature extraction» is very complex without
dedicated hardware/systems!

© 2016- ELEDIA Research Center




Biedia Crowd Detection Approach
/ Target signature estimation \
4 ) 4 )
Feature :
. Signature
'NPUT~ extraction :
DATA (Wavelet p— -earning p—
(RSS time decomposition) ( cleilE)
series) \_ /é\ \_ /3\ .
@ O/ O/

\_

/

61
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TARGET
LOCALIZATIOI

(Detection
probability)



|

. n [ n .sé
B> @ RSS Data Acquisition s Fre
/ Target signature estimation \
4 ) 4 )
Feature i
) Signature
|NPUT~ extraction ‘ . TARGET
Learning —)
DATA (Wavelet = LOCALIZATIOI
(RSS time decomposition) e ) (Detection
series) \_ (2) \_ /3\ J probability)
S scan proceciure RSS time series
A Each AP scans other active APs [ ——
oc ;  | A Every scan returns one RSS va(g,g:,t) € \ | j
|| ﬁn “fm'g' ™ for one transmitting AP %MWNH PRI me yﬂ‘ -
RX RSS .. : "N L | b M\‘J MW’“ \ ’M\ |
r !l A The scan procedure is iterated K times to & | M | *" ;
—m %n collect RSS time series < o
5 O} =Mt e (- DY) T e

62
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Biedis @ RSS Data Acquisition 3 Fee

CCCCCCCCCC

RSSI is strongly affected by: - TR L
A Metallic obstacles

A Objects and forniture

Aln-band EM interferences

A (Lowcost) hardware inaccuracies
A Antenna orientations

AHuman presenc{:l

A..

RSSI [dBm]

4, The fusion of such noise
Jf sources causes complex and
7

umpredictable RSS pattern
A Multiple frequency content
A High time variability

OFENEle[cl Detect/extract/learn the «target signature» in complex RSS date
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f"elsq,yq @ Feature Extraction 3w
/ Target signature estimation \
4 ) 4 )
Feature i
) Signature

|NPUT extraction . TARGET

DATA = (Wavelet p— -earning Y OCALIZATIO!
(RSS time decomposition) ( SERSIED (Detection

series) \_ (2) \_ /3\ J probability)

@ O/

/

\ V\\/

IDEA: analyze RSS imamsformed domain
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: _ : @\\
e @ Wavelets: Introduction 3
A wavelet basig (t) [I' N1 £ MS#0X,%,21] Wavelet basis
pl=inlienm is a family of functions generated dyations @s(t)qu(lx . STTJ
CIDRWEN andtranslationof a single seed functign(t) /‘ 2 _Tl
(with finite supportT) Dilaton  Transiation
GaSEAOLY II3¢ 21 @StSGX wm5
j () Example: dilation
j ® of a factor 2
A Dilation -t
/ Scaling of the g Tty
function in time 0 CT2Y T
—t> Example: shift
\/ \f . i (1) of -X/3
Translation AN T
Seed function (I=1, s=0) " nSCf;iifotnO;‘n”t‘i?n .
wadaSEAOI | I (¢ 8 — —
: ) TN Vors 1!

WF 86 L ® S5HMNIDKOKANMIZE o aSa 2F O02YLI Olfteée &adz2lI2NILISR ¢l @St Shac:
and Applied Mathematics, vol. 41, no. 7, p. 8996, October 1988
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(1=3, s=0)

t
T/2 3TI4 T

(=3, s=1)

t
T2 3Ti4 T

(1=3, s=2)

Rough

details \ O " T \Aﬁ(t)

t
T4 T/2°3T/IA T

Mid detalils (1=3, s=3)

%\/\Aﬂnedetalls
Wavelet I’(t) — a alg/ Is( )

Expansion (1D)

|=1s=1 Wavelet of levell can be analyzed
to understend information at that
OF 8 L ® 5HMIBSOKANMISE o 484 2F O2YLI OGt & & dzLILJ2 N discretization detail St

Applied Mathematics, vol. 41, no. 7, p. €996, October 1988
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da (@ Wavelet Levels and Details s P

COSTIC1301
~ i t)

GaSEAOLY II13¢ 21 @St Sdlz w5
(1=3, s=0)
| I |
Q) / 0 T|/4 T|/2 3|T/4 IT t
(I=2, s=0) i 0
\ " (I=3, s=1)
0 T/A°T/2 3T/I4A T t

gt
A

v

(1=3, s=2)

Rough
details

t
0 T4 T/Z293TI4 T

Fine details
Wavelet I‘(t) L é/(tN

) : L] L] rd‘
Expansion (1D aals/ s
P (1D) |=1s=1 Wavelet of levell can be analyzed
to understend information at that
OF 8 L ® 5HMIBSOKANMISE o 484 2F O2YLI OGt & & dzLILJ2 N discretization detail St

Applied Mathematics, vol. 41, no. 7, p. 4996, October 1988



fe! da @ Approach: Signatures in DWT 3%\\\

COSTIC1301

RSS in time domain w{{ Ay &l 3aNB3II GSF
A

N g |
i) | | :> W

Detail Coefficients Indicato(DCI)

= 2
How to detect signatures W= al[ 1=1..L

s=0

from DCI behavior?

It represents the energy of the
signal at each wavelet levell' m = X I |
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Biedia ® Signature Learning
/ Target signature estimation \
4 ) 4 )
Feature :
. Signature

'NPUT~ extraction :

DATA (Wavelet p— earning p—)
(RSS time decomposition) ( Sty

series) \_ fz\ \_ /3\ Y,

@ \C/ O/

\_

/

IDEA: Classify tHeCl

signatures with respect to

69

target absence/presence
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TARGET
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%ot ® Learning by Example Strategy s/

(- )

Target absence
\_ Y,

C h

A

Target presence

M

CCCCCCCCCC

DCI
i evaluation
{ | Binary
A T SVM
WP, 1=1,...L classifier
‘(I;rlaln;r:lg geatures of 4 Trainingof\\
asC= decision
function

/1
DCI @ \ F [W') J /
evaluation RESULT

(" Testwith )

e unknown {
) H——
C=sgnF|W
W, 1=1,...L \ gl e =1}
Training features of
Clas€=1

[*] A. Massa, A. Boni, and M. Donelli, «A classification approach
based on SVM for electromagnetic subsurface sensiftgE Trans.
Geosci. Remote Sengol. 43, no. 9, pp. 2082093, Sep. 2005.
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B>eqi Experimental Validation > Foure

COSTIC1301

Test site features:

A Real indoor area (40x10 mq)

A Presence of fornitures and obstacles

A |EEES802.11gireless Access Points (16 dBm TX Power)
A Timevarying target presence (h24 monitored)

Monitored
corridor
(true in/out
people counting)

1 TX and 1 RX
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. M
B Test Case 4 Single Day g?f‘fle

COSTIC1301

Daytime people presence

Test set acquisition 20
Date:12/03/2015, Thursday 1
Duration: 24 hours
Test samplesd9711 15
.. 075 >
i S
Performance — £
AFalse positive detection: < 5% g 0.5 10 o
AFalse negative detection: < 2% T 2
With threshold probabilitypy, {C = +1} = 0.25 o
0.25 5
First morning entrance | |
correctly detected 00:00 0400 08:00 12:00 16:00 20:00 00:00
(first target at 07:50) Time, t [hh:mm]
----- People number == Presence probability

- Actual presence (C)
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ﬁe!s?séiq Test Case 2Weekend

enter

Test set acquisition

Date:from 13/03/2015, Friday
to 16/03/2015, Monday

Duration: 108 hours
Test samples407551

Pr{C=+1|Q }

Performance

AFalse positive detection: < 3%

AFalse negative detection: < 2%
With threshold probabilityPy, {C = +1}=0.25

Empty state correctly
estimated during the whol
weekend

73

0.75

0.5

0.25

Friday Weekend Monday

25

-

5
Y

1 20

|
—h
(&)

1 10

QQ'-OQ\'Z'QQQG'QQ\'Z-QQQQ'QQ\'Z'QQQG-QQ\'Z'QQQQ"QQ\'Z'QQ

Time, t [hh:mm]

People number = Presence probability

- Actual presence (C)
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”e!ssm Test Case 3 Intrusion Detection > e

'te COSTIC1301

Test set acquisition |
Date:20/03/2015, Friday .
Duratlon- 32 hours g‘” ..... ....................... ..................... |
Test samples128740 i | Anomalous
I | : - probability
S o4l | at3:47AMI -
o 1 ,fs\
IS S N AN ‘ . =1L,
Night (unexpected) movement o2+ b ArHet - BmMor s
detectedin the corridor close : _
to the monitored oné N
0 Mﬂm

00:00 04:00 08:00 12 00 16 00 20:00 00:00 04:00 08:00
Time [hh:mm]

- Presence probability === Actual presence (C)

© 2016- ELEDIA Research Center



feledllq O U tI I n e %j’g}fleE

CCCCCCCCCC

w EM Positioning for lod Intro & Motivation

w Active Localization of Mobile Devices
w Localization through optimization
w Semantiebased probabilistic approach
w Passive Localization of Transceifree Targets
w Target tracking
w Crowd detection
w Indirect occupancy estimation

w Conclusions and Actual Trends
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LV Indirect Occupancy Estimation s%w\

COSTIC1301

e Estimate indoor occupancy level only exploiting environmental
Objective : :
data acquired byoTdevices

[ Wireless Localizatior]

Non-Cooperative
User

Non-Cooperative Cooperative
User User

Non-Cooperative
User

A\ 4 \ 4 A4 A4

. N Accurate Rough I
[User detectlon} [ User profiling } [ tracking } [ trajectory J [Crowd detection} : Occu(gg&;y IeveI:
\

(target presence) (behavior/interaction) - ;
(single targets) (single targets)
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feledo Occupancy EstimatiorBasic Principle ffw.Pg
PRINCIPL

A
temperature

Mseum

scenario

a <.
HIGH

MEDIUM

N

People presence causeso opposite vertical profiles

of temperature and humidity

The humidity
saturates
from below

\

The hot air
raises
to the top

/

MEDIUM
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feledo Occupancy EstimatiorBasic Principle 3 e
PRINCIPL

A
temperature

Mseum

scenario

\/ ¥

a <.
HIGH

MEDIUM

People presence causeso opposite vertical profiles

of temperature and humidity

The humidity
saturates
from below

\

The hot air
raises
to the top

/

1 humidity

78
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Bredic loT Hardware Platform f’f’?\
SENSORS Sensors

79

ATemperature(AC) anchumidity (%RH)
ATemperature Accuracy).3/C
AHumidity AccuracyN2%RH

CPU
s

Memory

FEATURES e \. Battery

ARealtime data
AFlexibleacquisition (periodic or cdemand)

ARemote interactionwith sensors (user
commands) Transcelveﬂ
ALow power(<1.5mA in standby)

ASubGHzworking frequency&68 MHZz)

Antenna

INSTALLATION \ AN

ASimpledeployment(small, robust, battery ‘-‘,

operated devices)

ASystenifetime > 15 months & ://.
54

DEVICE X

ASize: 85mm x 60mm x 20mm
AConsumptions: 0.9 mA (stafy), 15 mA (tx/rx)
AVoltage: 3V

AWorking frequency: 868 MHz
© 2016- ELEDIA Research Center



B> loT Platform: Key Features s P

80

M

enter
COSTIC1301

SENSORS Sensors

ATemperature(AC) anchumidity (%RH)
ATemperature Accuracy).3/C
AHumidity AccuracyN2%RH

CPU

Memory
FEATURES £ 6 \» Battery

AReatltime data \
Antenna

AFlexibleacquisition (periodic or cdemand)
Transceiveﬂ

ARemote interactionwith sensors (user
commands)

ALow power(<1.5mA in standby)
ASubGHzworking frequency&68 MHZz)

INSTALLATION

ASimpledeployment(small, robust, battery
operated devices)

ASystenlifetime > 15 months

DEVICE

ASize: 85mm x 60mm x 20mm
AConsumptions: 0.9 mA (sta#y), 15 mA (tx/rx
AVoltage: 3V

AWorking frequency: 868 MHz

Low
installation
Impact
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Bredic Occupancy Estimation: How? gffff\

Ua £ costionsor
Process theslope of the vertical profile®

METHOD ) — - |
- identify an indicator of occupancy _runctions of

- vertical profiles
-~ -~
l/ 4 \\
: — 4 Ta) ;
' ’
/’ = I S

[ Estimate the vertical profiles ]—&\

Il

s Vertical

Temperature
e\
I

2 ag positiona

[ Calculate the slope of the profil%s P
J L i g Y TN
i > | 1
v LD
. . i Vertical
Aggregate derivative mformatlor]s | a, 3, &  positiona

J L where g<a,<a

Learn relation betweeWV
and actual occupancy
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”eledo Occupancy Estimation: How? gqf/\;f\

J costionser
2/4

- Process thelope of the vertical profile®
METHODJ . =
identify an indicator of occupancy

-
”

< WHAT is the «intensity» of the
occupancyrelated pattern?

[ Estimate the vertical profiles ] _WT(a) Derivative of the

N

Ti . :
J L (@) pa  Temperature vs. vertical profile
H(a)= uH(@) Derivative of the
[ Calculate the slope of the proﬁl%s«::" Ha. - Humidity vs. vertical profile
\‘: HIGH
J L : LOW occupancy
“ i 1 occupancy /Ti(a,t)
Aggregate derivative informatior]s
i 0 Time_
v i 1 " Mias)
[ Learn relation betweeWV ] :
E Higher the slope (positive or negative) higher
and actual occupancy RN the occupancy impact on the environment

~
~
il Ty
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”'eledo Occupancy Estimation: How? }qgﬂ
3/4

- Process thelope of the vertical profile®
METHODJ . =
identify an indicator of occupancy

-
-~
7’

PositiveTemperature derivativei(a,z)>0
[ Estimate the vertical profiles ]

Il

[ Calculate the slope of the profil%s

L

Aggregate derivative informatior]s«::i:

Il

Learn relation betweeWV
and actual occupancy

and NegativeHumidity derivativeHi(a,z)<0

indicatecrowd presence

\
OCCUPANCY INDICATOF

(W) [Tia)- Hias ),

\----------------\

g

E

> Time

\~~
il T
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Bredic Occupancy Estimation: How? g,?fﬁﬁ
4/4
Process the_slope of the vertical profile®
identify an indicator of occupancy
_____ Occupancy Actual
Indicator Occupancy

Percentage of

Q
tourists respect to
maximum room

| Time capacity

.

[ Estimate the vertical profiles ]

Il

[ Calculate the slope of the profil%s

L

Aggregate derivative informatior]s

Support Vector Regressio

(RBF Kernel Function)

N

Estimated
J L Occupancy
[%]
Learn relation betweet . _
[ and actual occupancy ] T Practical
“““““ Example?
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feledo Depl oy mendel5@ 0 S a@kﬁ?\

! ; COSTIC1301

w Commissioned in 1494 by Girolamo
Savonarola, expanded in 1555 by
/| 2aAY2 L 5SQ aSRAC(

w Largestand most important (historically T -y
and artistically) hallig t I € I T 1 2
in Florence

W[ FNBSAG aOAGAE LI26SNE KIsafesooknfze L (| &
w Hosts sculptures and paintings made ., x s a6t 66 al
between 1490 and 1600 (including CANBylSé> DA2N

Michelangelg Vasari, Giambologna, i
DKANI I YRIFIA2Z tl aa

/
GDSYyA2 RSt}
COMUNE Michelangelo Buonarroti

SFIRENZE
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(1%} */WT\?ha

COSTIC1301

fe'edo Depl oy me ndei5@ 0

Dimensions54m|[L] x 23m[W] x 18m[H] Panelled ceiling
42 squareg woods and gold

Paintings
6 wall frescos

Sculptures
Pedestal statues

Three monitoring layers
Layer 3 [h=18m]

Monitoring campaign

Number of nodes22 indoor, 1 outdoor
Start date 18 October 2012
Acquisition time intervall0 minutes

g Layer 2 [h=5m]

Layer 1 [h=1.8m]
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r COSTIC1301

@ j B )

— Layer 3 [@=18m] / “— Layer 2 [g=5m] —/ Layer 1 [g=1.8m]
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ﬁ@edo Occupancy Experimental Validation 5,

CCCCCCCCCC

OBJECTIV Verify o!lrec_:t relation b_etween _OCCUPANCY level and
the derivatives of vertical profiles

TEMPERATUR 5
Derivative g
Tl(a) — HT(a) g
S

3

88

1.5

D:5F

—— High Occupancy
—— Low Occupancy

[T is |ni
for high
occupancy

10 20 30 40 50 60 70 80
Time [Samples]

Temperature derivativeTi(a.t) ¢ Days withHIGH Occupancy

Temperature derivativeTi(a,z) ¢ Days with LOW Occupancy
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ﬁ@edo Occupancy Experimental Validation gﬁﬁ.;

OBJECTIV Verify o!lre(_:t relation b_etween OCCUPANCY level and
the derivatives of vertical profiles

2_

— High Occupancy
Low Occupancy

HUMIDITY
Derivative

a % H s [l
H(a)= 445) z for high
Ha E occupancy
I

0 10 20 30 40 50 60 70 80
Time [Samples]

———  Humidity derivative Hi(a,z) ¢ Days withHIGH Occupancy

Humidity derivativeHi(a,r) ¢ Days with LOW Occupancy
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fegggiq Low Occupancy Example %E\\

C
ente

COSTIC1301

Museum is closed SVR parameters:
SO OEERIFANE (Christmas, 25 December 2013) e e sietapre 0

HyperparametelC=100
Gamma RB6=0.1

L _ Estimated Occupancy [%0]
Derivative Profiles

100[

2 — e ;
—_— —— Temperature Derivative
b .y . . r
= Humidity Denvanve -\g- 75l
5 1t : IS
=] >
8 o r
= ol G % Flat pattern
Q_ L
2 - C = |
» i .
S
0_
— _2 - .
©
> L 1 1 L 1 1 L 1
Q : : : : 0 10 20 30 40 50 60 70 80
.% 3l | 5 3 | Time [Samples]
= ‘ : ‘ e Actual —— Estimated
S .
8 a4k
_5 | 1 1 1 | 1 1 ]
0 10 20 30 40 50 60 70 80

Time [Samples]
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feledo Standard Occupancy Example ffvaE

COSTIC1301

STANDARD Museum is open SVR parameters:
OISV =\N[OAAN (Standard weekday, 24 October 2013) Training set siz8=1008
HyperparametelC=100

Gamma RB6=0.1

L _ Estimated Occupancy [%0]
Derivative Profiles

1001

— Temperature Derivative|-

~
o
T T T T

= | : Humidity Derivative < Afternoon peak
S 1t : : : o s i S,
3 ‘ : : ‘ g -
N . . 50-
C_G O B . . : 8 | _J ----- -!
: : 2 ,
: g ] '
ZI _1 | O 25j
0 i
S 0
= e
3 9
> L 1 Il L 1 L 1 J
(D) - : . 0 10 20 30 40 50 60 70 80
-% -3t , : T , - Time [Samples]
> ‘ : ‘ N Actual —— Estimated
g
_5 | 1 | | | 1 | |
0 10 20 30 40 50 60 70 80

Time [Samples]
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feledig High Occupancy Example > \;;“\

reseaqr
cent

COSTIC1301

Notte Bianca SVR parameters:
PICHIOCELEANE (Special Event, 30 April 2013) Iraining set siz&#=1008
HyperparameteiC=100

NOTTE“;’ Gamma RB6=0.1

L _ Estimated Occupancy [%0]
Derivative Profiles

=

afternoon/evening

2, N N N
— —— Temperature Derivative |
= - L
b= Humidity Derivative -\3- -y
> 1t S
o) >
] 8 B
N 50~
T Of 81 |
S
Z -1f O 25,_ i : :
N I -
g N |
0= a e i it
T —2f : :
(] : : : 0 10 20 a0 40 50 60 70 80
.% _al , ; | , , o Time [Samples]
= ‘ : : S Actual —— Estimated
8
_5 L L | | 1 1 | |
0 10 20 30 40 50 60 70 80

Time [Samples]
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CCCCCCCCCC

w Opportunistic Approaches for Wireless Localization

w EM information fromloTDevices can be Exploited
for Localization

w Different Approaches for Different Scenarios and
Requirements

Current Trends

w Sensor Fusion Strategies Exploiting Heterogeneous
loTDevices/Technologies (RFID, wearables, etc.)

WwLYBSauAIlGA2Y paEtivd @ 0 Nk R
and active)
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