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oSmartificatiore

» Smatrtificationis the word we use to name the process of
creating the digital representation of physical world in the
Smart Spacé€SS)

PhisicalSpace

Smart Space

» ner 9 6 S F J
F A v /.8 0.7
0 05 T ¢ 9 7 6 '
» v v B ' 3
( P
a8 7 L B S BT R
4 3
Y ¥

Bt Y FoF ¥

“-o8

dlgltal

N w
1 .
@ mE - OGN S LRl

s AUVRNF 4"&
W AT moe 0B

ATNAUN G NS WS O A A A N

VNVANEDL W RAN LS W E Y T a0
V5 el W &N Na

RIS MU W VWS
ASTERAH AA NG WG o0 @ g

represe ntatlon

L2 R B o L T

O S LA e A AT
> »z :‘N-’),’Jlrrﬂdl?w?.ﬁs",‘ w

% 3NGR SoP A B240 WA St M A S

GONBOY RV BN GO A
L e -l R d N LT,

s »
| g W W RS

MRAAE AW US O N

TS WS

u Easy to access mformatlon of the environment
U Ambient intelligencealmost unlimited applications




oSmartificatiore
» WSN and R are currently
the enabling technologies for

realtime and lowpower
ambient monitoring

» Different challenges:

Surveillance of remote area

Emergency communication

Critical infrastructure

Environmental monitoring
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oSpace sensirg

» challenges faced in space sensing and

communication overlap with terrestrial examples of
extreme environments:
hot or cold locations

high- or low-pressure enclosures,
_critical control loops in aircraft

» Significant challenges for radicequency wireless
sensing and communication

» Require stateof-the-art technologies to generate

robust and affordable solutions esperienced In
harsh environments



WPTfor spacesensing

» Remote power supply of probes and instruments deployed
on the surface of the Moon and Mars (short range)

» Transmission of medium/low power levels (< k\grierated
on the surface of the Moon/Maygrom a base vehicle to
supply fixed users or movimgvers/probeswithin a limited

distance range.

» Power transmission between a source and a specific target
with the target to be interrogated

Wireless energy by laser
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Smartificationof physicalspace
» Enablingechnologiedor the automaticdevelopmentof a
SmartSpacgSsS)
RID RFIBenabledreader@ 2.45GHz

Smart Object (R reader) wirelessly connected to a central unit (SS),
able to remotely select or detect targets by means of EM interference

Targets should be battetffyee and equipped with some intelligence
to be exchanged and updated several times for several purposes

smart RF-ID reader

Industrial/civil ambient exploration planetary exploration
Selex-es, 2010

Base/vehicle

Solar panels , Sun direction

Launched RF beam

Rover/Instrument

Shadowed
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Possible'mpIementationScenar?c?)
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Figure 2: Tag architecture
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Smart RHD reader

» Innovative RFID reader topology @ 2.45 GHz characteristics:

Select/discover closelspaced and moving tagged objects, interact with
them exchanging information

Combines thenono-pulse RADARrinciple andelectronic beam
scanning

Faster and lowecost with respect to indoor localization techniques
~ Overcome severe fading by sigimabcessingree solution
» System validation in indoor realistic scenarios

The reader selectively interacts with tags in static condition

The reader retrieves a sequence of moving objects



oskE

Motivations

» Increasing interest in intellige@mbients

~Availability and possibility to deploy systems of devices (sensors
actuators) energy autonomous

_ Improvement of living conditions and/or facility management

» Drawback: the numerous electronic devices distributed in the
environment do not fully inteloperate

N

» The Bologna research unit activity aims to provide an
Innovative contribution towards the idea of theternet of
things




Smart Interaction Object

» Essence of &mart Interaction Object
Enabler of Smart Space mediated Interaction

Local

Physical Space All
! rototype devices
User Interface P yp : .

complywith this
architecture

&

‘ Smart Space
v Smart Object




Enabler-of .ceoperative, environment ..

related applications
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1. Interaction with the
environment based on
global knowledge

2.Connections between
objects

3. Connections between
people

4. Environment to user
communication

5. Environment digitalizatior
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Dual approach (i.e..Smart Object
centric) is-also valid
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Smart-ambient:appleationrin
civil andindustral plants

» Goat interoperability of physical information and
communication aspects

.

objects must communicate and share their status
(by means of sensors/RFID applied on them)

» Our approach is demonstrated by considering the
management and maintenancef complex spaces
_ Detection, localization and identification of (possibly) hidden items
_Items information storage and update
_Automatic request of item maintenance



Smart RHD Readersolutions

w Remote and selective identificatiolby readers is a key issue
In SS
¢ Traditional RFID readers usually collect objects codes (IDs) in their
reading rangevith neither selectivity nor interaction capabllities
¢ Operating failluremay occur when dealing with tags in harsh indoor
environments
A EXpensive or less accurate solutiars available to
overcome this problem:
¢ Large and complex antenna array
¢ Triangulation technique
¢ Timeconsuming signal processing (e.g. UWB method
Not suitable for space applications

w A reader with selectivity capabilities for IDs detection is
needed




CombimmimgMonopulse-

RADAR and Bealﬁteerlng

Phase
shifter
fy

Phase
shifter
f,

D array factor

Plane containing
array alignment
and broadside

(g=0° ) directions
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y angle formed by the array alignment direction and the field evaluation direction y =f(q ,f)

» MonopulseRADAR

S andDradiation patterns are obtained from the-phase §) and out
of-phase D) ports of a ratrace coupler

» BeamSteering

S andD patterns are steered by simultaneously controlling two phase
shifters ¢, andf , phases)




CombiningMonopulseRADAR an ..
BeamSteering: :simulatedeahvior

Rotate left from the
pointing position
viaf ;

Rotate right from the
pointing position
viaf,

respectto to the pointeddirection
4 A MonopulseRADARrincipleallows2D localizationonly
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BeamSteering-and
Monopulse RADAR operation

» MonopulseRADARllows to select objects in close proximity
Sharp shapef the D-pattern around nulls is essential for the resolution

» The minimum distinguishable tags distance improves with
sharpness of th®-pattern (@rray resolution

w Fading effecteduces the resolution of thenonopulseRADAR
» BeamsSteeringaround pointed directions allows to:

Overcome the NLOS paths that could randomly dim$hand D- signal

|dentify the relative locations of the others tags with respect to the
pointed direction

» System Operation

For eachg-direction, the reader collects the RSSI at 8reand D- ports

Selectiomand Localizationof the IDs are derived from the Maximum
Power Ratio (MPR)



Objectsselection

remotely points DO INTININ
to the _vvanted E“T“a"‘g’:’godl”““f’ Tag02
object

-

nearby taggeditemsare (' .-Tagos
activated too, due to:
A limited antenna gain

\A fast fading P
-~ \
{ FAST SCAatoundpointed position J Facility user
-

IDSACQUISITIONY:
monopulseRADARneasureat the S and D RIDports of
RSSI algsplacedaroundpointed position

J
‘ [ DECISIONselectedID andits propertiessent to the SS

—
s




Objectsdetection

Maintenance operator

| = S 5 #6
‘ l‘ A i = Sl
T .{L—A*Z’B,_;& = J{Z - S #T

-a ok

i <
(- drivesRID to therequiredphysicakpace | = =
- the hiddentaggedobjectis searched

starts searching for the
RID object with the ID acquired
during dselectiorg

/HIDDEN OBJECT DETECTION
COARSE POSITIONi@ElivatecloselyspacedlTagdD detection
by measureof RSt the S RIDport (definition of the
environmentportion whereIDis located)

FINE POSITIONINGonopulseRADARneasureof RSSat the S
and D RIDports of tagsplacedaroundpointed position 6ameas
in selectionmode)

, . =
.| | performsactionand updateobjectpropertiegstate _ -




Block diagram of the RID

Electromagnetic/nonlinear design

DAC
AD558
FRONT 1 s S
END ==BALUN-= = pS =
MCU T1 CC2500 : RAT-
TIMSP430 | FRONT ! D RACE
END  4-BALUN-= - PG
reezse o 1T
|
AD558

commercial ICs




The RID layout

DAC
AD558

FRONT
END
TI CC2500
FRONT
END
T1 CC2500

|

MCU
Tl MSP43

back view

)23




antennas

w Two dipoleare locked together and
placed orthogonal to the ground

plane of the printed circuit.

w Array behavior influencelly the
ground plane foboth nearfield and
far-field performance prediction.

w Strategic issueantenna selectioim
order to have good selectivity and
almost constant behavior in the
scanning zone.




Beam:steering and Resoluti

ek
Ay 78

25 Hla
= 5 C
(it
4-1)_ |()\’>cb

Array resolution drop off over the reading zasetheD- and S-
patterns are steered with respect to the reader pointing direction

Evolution of the
right-steeredD-pattern

Accuracy vs. tagaray
misalignment

-

For a rotation angle o
45 ,tags result
indistinguishable

0 5 10 15 20 25 30 35 40 4%
Beam rotation angle ¢ )

P N W S~ OO N 00 ©

o

While steering, sharpness degradation is observed
U Tags placed far laterally with respect to reader may be grossly localizec

T

. NOTE: usingigh-directivity arrayreduces theREADING ZOMEthe system



AntennaiDesigndfoMonopulse
RADARwWwiIth: BearSteering

» The array directivity is an issueNMonopulseRADARvith Beam
Steeringsolution and is selected based on conflicting needs:

» |n fact,increasingantenna directivity.

Enhanceshe D-pattern sharpness array resolution) around its nulls
Enhances robustness with respectading effects

Causessignificant variations db- and D- patterns whilebeamsteering

| trade-off between:

array resolutiorandwide angular reading zone
ANtenna array design goals
- low array directivity

Our choicelow-directivity array
- minimum backradiation
- maximum radiation efficiency - minimum overall antenna dimensions

coskE
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Design-of- Flaghaped
Printed DipolerAntenna

. : front view
Two printed flagshaped dipole$o meet: e —
- Lowdirectivity and higkefficiency antenna W | .l
array = PRSE
! ; : feedline
- Lightweight, compact size, ease of Lol oy Wi
manufacturing p— =
- no need for spaceonsumingpalun back view
W Arm #1
» Optimization process DR .
~ To reduce the overall antenna dimensiornsTWG P f ]
the dipole width (W) is increased v ——

+ It provides a shorter electrical length by exploiting Hogecapacitive
effects (L4 4)

To reducenackradiation the reflector dimensions (Wand lg) are
optimized
The optimum lengths of L and W provide minimization ofrétarn loss




Printed Dipole'Miniaturization

)

l.'

o <
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- e e -

s 2L 2 X

-

= =  W=0.88mm
=« = W=3.5mm

|reﬂection W B e

coefficient wirt. W

2 2.5
Frequency (GHz)

Antenna benefits from the optimum dipole
width W :
Antenna dimensions minimization [
exploitingedge capacitive effects

Y | 4@ 2.45GHz is about 30 mm,
indeed our solution reduce the dim

of >-20% [,,,,=25.45mm)

Directivity undergoesmall
variationsover the W range

Y suitable forresonant antenna

optimization

constant behavioof the dipole
radiation efficiency(~98%) whenV

IS tuned

\V




\db)

FlagShaped Printed dipole

performance

0 Reflection coefficient
-5 i
-10 i
-15 |
-20 i
-25 ]
30 i
-35 \
_40 design
_45 frequency
T
2 2.2 2.4 2.6 2.8 3
Frequency (GHz)

Directivity @ 2.45 GHz

0 4d|3}4

-30

B

Antenna performancgH-plane)
Whalf-power beamwidth iIs~170C°

Gdnly 1.25 dRdirectivity variation in the
scanning zonege: 45° )
U almostconstant radiating behavior

GRadiation Efficienc®8%




Integration with the reader

Entire system view

Radio and control
chips mounted in the
backside

ad-hoc design in
microstriptechnology

NOTE: printed dipoles and the microstrip subsystems are realized on the
same substrate, Taconic 8BA (0.635 mnthick, e = 6.15, tanl = 0.0028 @

10 GHz)

The commercial transceivers (for t&eand D-radios) have a maximum
output power of 0 dBm @ 2.45 GHz.

The dipolexploit the ground plane to prevent from EM interference with:
the backmounted components

0



» The array phase centre distance chosen to

minimizeS directivity and side lobes, complying
with circuit dimension constraints

Side lobes lead to inaccurate localizatafrlateral
tagged objects

Good tradeoff betweenlow directiveandback

y
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D = 4pgif *(g./ )singdgdy
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(dB)

-10 +
15 +
-20 +
25 +
-30 ¢
35 +

Perfonmance oof the array

Integ

Scattering parameters

rated with the reader

RN o X% I
LTI
. OO O b e e /
\ I P L 4
Sy DAY .,
1 \
D--L-\ frequency
- Al
o 1 =
""" i | — Simulated | -
| M d The system volume
I B .
.40 RLMMITIITIIIYL___eesiEd RN is 144 crionly
2.2 2.4 2.6 2.8 3
Frequency (GHz)

A Satisfying behavior of,Sis observed all over
the band of interest around 2.45 GHz

Excellent agreemen
of §, A Handheld solution

A High decoupling between array elements

e




Performance oot ithe array

iIntegrated with the reader

2D radiation pattern (H plang”

— Simulated
—A— Measured

Simulated 305 radiation pattern

D- and S-patterns aremeasureddriven by
the ratrace and the phasshifter

Performance @ 2.45 GHz
U Radiation Efficiency 85%
U Front to Back Rati¥ -15dB

Measure report

A Sharpness oD-pattern nulls are20dB below
S-pattern maxima

A S-maxima andD- nulls perfectlyaligned
A reduced siddobein S and D- pattern
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behaviorofitherreader

g-rotation =4

Left rotation

Right rotation

(f,output:~13 ) |

-90

g-rotation = 4
(f ,output:~13)

60

g-rotation =22
(f ;output:~65 )

90

-60

-90

-90

g-rotation =22
(f ,output:~65 )

60

90

The use of lowdirectivity array guarantees good sharpness for gstrection
Excellent agreememn$ observed for each phashift of the array excitations: due to.th

Beam steering range &f 45° corresponds ta: 180° phaseshifts outputs

accurate NL/EM cdesign

s




miniaturized topology

(200 mm?)
~ 75% occupied area reduction
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—————
- ~

Reflection ‘\

\ standard topology

(870 mm?)

AN parameters
\\-/.//.
2.5 3 3.5

— arg(Sy) - arg(Sys)
----- arg(Syp) - arg(Sn)

-
-
- e
- e
- e .
- - e e
b
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2.5
Frequency (GHz)
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Nonlinear/EM design of the
reflection typephase shifter

I, I o 00 rEfleCtlve Reducedsizebranch-line
Ool X R \ W 34— load RF In/Out RF Out/In
N 0° + G(v)
OUT 2 4 90° reflective Dcmock 7
90° + (j(v)l) Branch Line™ |7 load [ ]
900 N G(V)G al4I|ne P': ke 3': e ‘\al4line
V control

240

— left-rotation
— right-rotation

— Simulated
-= Measured

right rotatio

varicap »
40

160

~

Phaseshift (U
o

(0]
o

(o)
o
[EE S ———

|
Beam steering
o

T~

-160 _ i not used bias range -60
left rotation | 1 (o) e e A
i 80 -120 60 O 60 120 180
10 8 6 -4 2 0 2 4 6 8 10 o
Varactor bias voltage (V) Phaseshift ({ .
PS output phase array beam steering



Measured and predicted _
S and D performance with PS

f,if,=0°
V,=V,=1V

modelling

—/\— measured

foif,=-13° foif,=13°
V, = 3.48V V=1V
V, =1V V, = 3.48V
f,if,=-65° Y SYOW f if,=65°
V, = 6.85V V, =1V
Vp, =1V V, = 6.85V




Object selection i steps

Hplane,
----k LJ- U-t-SN3pattern

E (dBV/m)

MPR (dB)

PS shift )

-
IDs ACQUISITIONNly theSradio is involvel

- RID points to the desired object 1

- Inquire for IDs
-

J

iInvolved)

AS and D radioscooperateexploiting the
scanning capabilities of the RID

of merit:

ASelect by electronic scanning :

/ SCANNING OPERATIGNOd Dradios arez\

ARID stores a list with IDs with the highest figur

Best centered MPR is the pointed objeid(
)

(scanning zonegE+ 45° ) swept in 40 steps, 1.5 ms ea

 g—



Data acquisition (29 step)

A The S and D signals are suitably combined for each tag

—10l00SRSSL( 7
Srosi[4B] =1000gRSSL() o
55(1)2
()4

e .
Dissi [d B] =10loggRSS|(i)
e

¥

MPR = Sgss;i [dB]' Drssii [dB] :
1 =1...,N

m, myandsg, Spare the mean
values and standard deviations of
the RSSland RS§data (Received
Signal Strength Indicator),
respectively

to compute the resulting
Maximum Power Ratio
(MPR)

coskE



RID

RID Latency

ICEDEE:

2
&
— Acquisition | TAG
ID Acquistion | | 200 ms ReplY Time
‘ Delay
< 1.5ms rotation #1|  geply _____ | TAG Latency
\‘::::L::::ﬁ" f
SR o [ e e | |
nin . SAN AN
TAG Scan g|[L5ms rotation #2 Reply ---T-- TAG Latency
/ '.:::l_::::::—
RID Latency < time for
: selection
\ ::::f-:::l\ Se ~500ms
ndyourﬂ) I
15ms| || Deam res
' rotation#N Reply ___T__
i & e it b L —————




