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Passive radar operation ()
Chart of the Eﬂ@@ﬁﬁ'@tﬁﬁ]@@ﬁﬂﬁﬁ@ Spectrum

2 man’s height ;
@ R paperclip cells viruses atom
N O Loy thickness Wi (o- o
?8 paper bacter'a G lecul % SUbatom'C
o football field baseball Witk water molecule particles —
wavelength fem 1mm , Amil 10 ¢ i 1 om 1pm
A
M 705 102 10 1 107 102 103 10¢ 105 106 107 10° 109 1070 107 102
1 MHz 1 GHz 1 THz 1 PHz 1 EHz 1ZHz
frequer;lcy | ] L 1 ] ! ] 1 1 ] 1 | ] | ] L |
Hz) 105 106 107 108 10° 10% 10'" 10' 10! 10 105 10% 10'7 10'® 10'0 1020 102!
o - — —
'E Radio Spectrum _ Terahg Infr: aviolet X-ray Gamma
5 Broadcast and Wireless ‘Microwave Far IR Mid IR * : xtreme UV Soft X-ray Hard X-ray

S01U01}138]9

1

1 i

1 5=

1 PR

I.i 7 b
T\

Passive Coherent Location — Principles and ongoing acti vity at DIET

F. Colone, P. Lombardo, and the RRSN Group — Dip. DI ET, Univ. di Roma “La Sapienza” 2



Passive radar operation (ll)

Passive ) All these definitions refer to the class of radgstems
Bistatic Dacsive that exploit gxisting transmitters as iIIur_ninatmfs
Radar ¢ oherent opportunity to perfqrm_target detection and
(PBR) Lacaton localization.
(PCl)

Passive 1

Covert

Radar

(PCR)

Bistatic radar

Sub-class of
bistatic radar systems exploiting
non-cooperative transmitters
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Passive radar operation (lI)

Potential Transmitters of opportunity

Mobile telephone

Audio Broadcasting
e, networks
AM Radio e : :
Video Broadcastin
FMRadio  "=@ J GSM
Digital Audio Biuaucasuiy (Analogue TV) UMTS
(DAB) Digital Video

Broadcasting -
Terrestrial (DVB-T)

Satellite transmitters for Existing radar
telecommunication and navigation transmitters

NS Local and Metropolitan Area

GNSS
Networks

Digital Video
Broadcasting - - g IEEE 802.11 - WiFi
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PBR geometry

,Q Surveillance
A\

antenna

Transmitter A Reference

The reference and
surveillance antennas are

usually co-located with the
reference antenna steered
toward the transmitter and
the surveillance antenna
pointed in the direction to
be surveyed

antenna r antenna

A dedicated and separate
receiver channel is required
to collect the directly
transmitted signal
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PBR target detection

Target detection is based on the cross-correlatiadhe surveillance signal with Doppler shiftedlregs
of the reference signal (matched filtering).

This also provides the estimates of the bistatigeaand bistatic Doppler shift of each target echo.

survalllance channael .
U At KA S AN Bank of Matched Filters
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PBR measurements (I)

ISorange Bolative The target echo delay is measured with
— contou?rs Bistatic respect to the reference signal:
(ellipses) Range _ B
J Rs = C(7 — I'er ) = Rrx + Rrx — Brx-rx

The target lies on an ellipsoid having RX and TX as foci.

Bistatic range _
resolution: Arg = Be Exploited Signal
Frequency Bandwid

RTx ._. E Target echoes can be discriminated&7, — A7, >1/B

or equivalently if Rg, —Rgy > Arg :%

BTX -RX The corresponding distance between targets isdifumof
the bistatic angle:

ARp U C (Upper bound
2B COS(IB /2) approximation)

M X If such distance is evaluated anngARw [] C
the direction given by , it is: ZBCOS(,B /2)COS((/J)
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PBR measure

ments (I1)

/Brx -Rrx

Passive Coherent Location — Principles and ongoing acti

Bistatic
Doppler

Receiver
Bearing

Vrx +VRx _ 2V 14
fo = =—c040)cos —
7 p p 1) {2)

Targets on the baseline show zero Doppler.

Bistatic Doppler 1
resolution:

Afp =——  Coherent
Tint < Processing
Interval

A pair of antenna elements allows to measure
the phase-difference of arrival and hence the
direction of arrival of the echoes.
Alternatively, antenna arrays can be used with
several elements and element-level
digitization with standard or adaptive beam-
forming techniques.
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Passive Radar PRQO’s

- Lower costs of operation and maintenance, due to the lack of transmitter

- Covert operation, immunity to ECM threats

No additional demand on spectrum resources

| Small size and hence easier deployment in places where conventional radars
cannot be fielded

g Potentially higher target RCS, counter-stealth capability due not only to the

inherently bistatic geometry, but also the lower frequency regimes often
exploited

g Reduced impact on the environment and reduced Electro-Magnetic pollution
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Passive Radar CON'’s

~ B High power direct signal interference
D Immaturit (DSI.) and multipath cc_)ntrlbutlons S~
Y leaking into the surveillance channel © Targets

(o -
B Reliance on
third-party
illuminators /
— S Surveillance
________________ antenna
Multipath/Clutter L
Transmitter Reference

antenna antenna
oroperties of the not under control of the separate R_X cha_nnel to coIIec_:t
vailable emitters cannot radar operator and has time- the transmitted signal (potentially

be configured varying characteristics affected by multipath)
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PBR Radar Equation (1)

Target Signal to Noise Power Ratio:

_ TXand RXantennagains  wayelength
Tr<':|13l15mltted for a target atq,0)
ower \ Target RCS

“PoGrx(9,0)Gr(0,60)P0%

SNR= 4 - |
(4]T) R%X RFZQX kTOFB LIOSS SNR (dB)

Y
\/ Noise Power Coherent

Distances of the Integration
target from the Gain
TX and the RX

Y (km)

Cassini Ovals:

RrxRrx = K

50 -40 -30 -20 -10 0 10 20 30 40 50
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PBR Radar Equation (Il)

Example: Transmitter Power (Ppy) 10 kKW Bandwidth (B) 200 kHz
Transmitter antenna gain (Gyy) 0dB Noise Figure (F) 3 dB
FM brogdcast Receiver antenna power gain 0dB System loss (L) 3 4B
(Isotropic antennas) (Grx)
FM carrier frequency 100 MHz Target RCS (op) 10 m?
Wavelength (\) 3m Target Height 5000 m
T,.=0.1s T.~1s
SNR (dB) SNR (dB)

200 = == 200 = =T 60

150
50

100 @

40
50

30

Y (km)
o

-50

A long integration time is required to obtain acgmable SNR; it needs to be traded off against the
computational load and the expected target migratio

X (km) X (km)
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The problem of Direct Signal Interference (1)

Direct Signal to Noise Power Ratio:

TX antenna o
gain in the RX RX antenna gain in
direction the TX direction

| /
PI'XGTX*(¢RX , ORrx )GR; (¢rx,6rx )2
(4”)2 2X—RX kTOFB LIOSS

/

Baseline

DNR= Gint

‘ Target Signal to Direct Signal Power Ratio:

SDR= Grx (¢’Q)GRX(¢’€) L Brx-rx j OB

Grx (¢Rx , Orx )GRX (¢Tx ,Orx ) RRsy ) 41T
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The problem of Direct Signal Interference (ll)

Example:

FM
broadcast

150

100

50

Y (km)
o

-50

Transmitter Power (Pry) 10 kW Bandwidth (B) 200 kHz
Transmitter antenna gain (Gyy) 0dB Noise Figure (F) 3dB
FM carrier frequency 100 MHz System loss (L) 3dB
Wavelength (\) 3 m Target RCS (op) 10 m?

Baseline (Bry rx) 30 km Target Height 5000 m

Isotropic RX antenna
Grx=0dB

SDR (dB)

/

Directive antennas allow to partially attenuate Bf&d. However

200

Directive RX antenna

SDR (dB)

T =

strategies are required to further reduce the DSI.

Gryx=80dB, FB=-15 dB, BW=70 deg

-80
-90
-100

-110

effective signal or data processir

X (km)
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Coverage vs. waveform for PBR applications (1)

The choice of the best illuminator of opportunity for a designated apphaa based on
factors mainly related to:

p Coverage:

- Transmitted power - Frequency band (propagation issues),

- TX-target-RX geometry channels allocation

- Antenna radiation pattern (broadcast- Temporal coverage (stationary vs moving
VS point-to-point transmissions) TX; 24 hour operation, etc.)

- Availability in the considered application
scenario
P Waveform:

- Bandwidth (range resolution, - Ambiguity function (side-lobes and side-
sampling frequency, computational peaks due to periodic modulation
burden) features)

- Modulation (analog vs digital) - Stability (time-varying characteristics)
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Coverage vs. waveform for PBR applications (ll)

Table 1: Signal parameters for typical passive radar illumination sources

Power density {(Wm™2)

Transmission Frequency Modulation, bandwidth P, G, &= (P,G,)/dnri
HF broadcast 10-30MHz DSB AM, 9kHz 50 MW 67 to 53 dBW m ™ at
ri = 1000 km
VHF FM {analogue) -~ 100 MHz FM, BOkHz 250 kW —57 dBW m2 at ri = 100km
UHF TV (analogue] — B0 MHz vestigial-sideband AM (vision); 1 MWW —51 dBW m 2 at r; = 100km
FM (sound), 5.5 MHz
Digital audio broadcast — 220 MHz digital, OFDM 220 kHz 10 KW —71 dBW m™? at 1 = 100km
Digital TV ~ 750 MHz digital, 8 MHz 8 kW -72 dBW m™ at r, = 100km
Celiphone basestation 900 MHz, 1.8GHz GMSK, FDM/TDMAFDD 200 kHz 100w —81 dBW m™ at =
{GSM)
Celiphone basestation 2 GHz CDMA 5 MHz 100W B1dBWm2atr =
(3G}
*Appmpriate frequency will depend on time of day.
Moreover:
WiFi Access Point 2.4 GHz, 5 GHz DSSS/OFDM, 11/20 MHz <100mw -61dBWm? at r,=100m

From: Griffiths, H. D., and Baker, C. J., “Passive coherent location radar systeans1: Performance

_ prediction.”, IEE Proceedings on Radar, Sonar and Nav
Passive Coherent Location — Principles and ongoing acti

vity at DIE

i_Pation, Vol. 152, Issue 3 (June 2005), pp. 153—159.

F. Colone, P. Lombardo, and the RRSN Group — Dip. DI

ET, Univ. di Roma “La Sapienza”

16



Waveforms of opportunity not optimized for radar (1)

The effect of the DSI and clutter/multipath contitibns is exacerbated by the characteristics of the
exploited waveforms of opportunity.

Conventional radar system3® the transmitted waveform is carefully designed to provide

an ambiguity function with appropriate properties (e.giro peak in both range and
Doppler and low sidelobes).

PBR operation> the transmitted waveform is not within the control of theaadesigner
and shows variable and unpredictable characteristics

The sidelobes of the ambiguity function for PBRalsuhave aime-varying
structure and exist at a level not greatly lowantkhat of the peak with the
potential tomask even targets largely displaced in range and Dogplen the
main clutter peak.
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Waveforms of opportunity not optimized for radar (Il)
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Schematic of PBR processing chain

Yoo
== Targets

Single surveillance antenna
(no bearing info, target localization in the
S bistatic Range-Doppler plane only)

=

Multiﬁ;thjéluﬂu l
Triz:s(::lnt.':ﬂ RefemuceA
antenna
v
Signal _| Disturbance| Cross- .| CFAR . )
conditioning| | Cancellation| AT | Detection| Tracking
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conditioning
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DOA estimation & localization (I)

Pair of surveillance antennas

SURV . . ; :
A ANT 2 (the phase-dlff_ereqce of arrl_val Is exploited to
calculate the direction of arrival of the echoes)
/g\ SURV
ANT 1
REF
ANT Signal Disturbance i CFAR
o : Ambiguity .
conditioning Cancellat|0n| : Detection
Evaluation
Signal Bezlilng |- Tracking
conditioning evaluation
Signal Disturbance i CFAR
o : Ambiguity .
conditioning Cancellation : Detection
Evaluation
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DOA estimation & localization (I1)

A |
AAA” Surveillance antenna array

(the direction of arrival of echoes is calculateihg
standard radar beamforming techniques or more
sophisticated adaptive beamforming)

REF %

ANT v
(Adaptive)
Beamforming

Signal Disturb Cross- CFAR

> ignal - L,| Uisturbance Ambiguity — : »| Tracking
conditioning Cancellat|0n| Evaluation Detection
Signal
conditioning

The same array of antennas might be
exploited to collect the reference signal by
forming a beam in the TX direction
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PBR research activity at DIET

EU Projects

B ARGUS-3D: "AiR GUidance and Surveillance 3D, FP7 (Security)

B ATOM : "Airport detection and Tracking Of dangerous Mets by
passive and active sensors arrays”, FP7 (Transport)

B SOS “Sensors system for detection and tracking obeaous materials{O'E http://www.s0s-
: - - TR - " project.eu
in order to increase the airport security in indiamdside area”, FP7 \—
(Marie Curie Action) o\

ARGUS 3D http://www.

argus3d.eu

_ _ _ . http:/lwww.gmes-

B DOLPHIN : “Development of Pre-operational Services for Hygh DOLPHIN dolphin.eus
Innovative Maritime Surveillance Capabilities”, FP7

http://www.

B SpyGLASS “Galileo based passive radar system for maritime spyglassproject.eu/

surveillance”, H2020

Projects funded by radar industries

B DVB-T based passive radar for maritime and aerialallance 3\5
B FM-based passive radar for aerial surveillance 7 sELEX
. . . Sistemi Integrati
B Multistatic passive radar networks & Elnsrasinanios i
B Passive Radar based on satellite transmissions ._?f
7/ SELEX GALILED
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llluminators of opportunity investigated
K e -"w .. )
N FM Radio J‘asmeuite GNss  WiFL, WIMAX,
==~ Broadcast Ty Transmitters Access Points
== Transmitters -
3 MH=z 30 MH=z an 4 300 MH=
I e v
| o= L E L
- TR B I LR R _-"'-_Hi;ﬂ'l mua-n:y — . High Fregusncy = 3=
g  FRADIO VWAVESS «
Jm 1D'|rn
HF OTH Digital Video Satellite
Radar ' Broadcast  Transmitters
~ Transmitters DVB-T of DVB-SH ,
Transmitters .
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Performed researc

The applications of interest range from air traffic control, to maritime surveillance,

h activity

vehicular traffic monitoring, up to indoor surveillance.

For each considered application and illuminator of opportunity, the performed

activities typically included:

- Design of innovative signal processing techniques (e.g. for interference
removal, target detection, localization, and tracking, passive cross-range

profiling and imaging)

- Signal modeling and scenario simulation

- Design and development of experimental receivers for the practical

demonstration of the conceived

- Experimental test campaigns

strategies

planning and implementation followed by the

extensive analysis of the data collected.

Passive Coherent Location — Principles and ongoing acti vity at DIET
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FM radio-based passive radar for
alir traffic surveillance applications
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Prototypes development (1)

] NN N FH IR
] | ‘ ‘ [ | 1 L i it
= = Er
SURV REF = = =
Oem
Crem (@] E|
6dB 1 1. ]
= —
REF
Splitter minln II
Attenuator -3dB oL =
'—H_N‘ RF F o lox |
SURV J%f w == >—>I>—
i ZX05-IMHW-S Filtro AMP AMP
Amplifier Passa Banda Passa Banda
B83+108 MHz 71,8721 MHz
| g™ K IF [
Amplifier “Filro ZXO5-AMHW-5  Filiro AMP AMP
Passa Banda Passa Banda
88-108 MHz 7184721 MHz
Direct RF sampling Signal down-conversion & IF sampling

AR L ) e .
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Prototypes development (Il)

» GUI Software Demo

) PBR-DEMO

) PBR-DEMO

INPUT PARAMETERS
ACQUISITION PARAMETERS

Data Directory:

[CPER DEMODatal Browse

Total Time Covered [s]
Wait Time [s] @] Sampling Frequency [kHz] 20000 Ext. Clack Frecuency [MHz]
Physzical Input Channels (1-4); 1 3

Single Acquistion Durstion [s]

Select channels configuration \

FM Channels [MHz] (max 8 [89.8]

DATA PROCESSING

Cancellation Number of hatches:

Mumber of taps:
2D-CCF e Bistastic Renge (km): e Bistatic Velooiy (mis) Over-sampling

Algorithm type: _Opﬁmum v
Integration Integrated channels: [§9.8 Integration strategy.  Centralized inear SU ~

TARGET DETECTION

CFAR Pfa: [He-d Help window secondary dala| Type:  Cel-dverage (CA) b

Wibr: hbc: i mme:

Trackin, Minit: 2 Minit: 2 M active: [3 Mactive: 8
g ACTIVE E— R B B

DISPLAY. Check Parameters——

Display made: | 20-COF and Resl ime detection |+ [ IESE Localty: Itegration Time (s),

™ R Welocity spacing (m/s)
2D-CCF dynamic (B Latitude (*); 424088 Lattude (°) 420608
Track length Longitude (#); 114547 Longtude () 11.8175
[] Saving Mavie Attude (m): 495 Attitucle (m): 10

EXIT BACK
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Acquisition Campaigns

Passive Corlerent Locauoin — rrincipies’and origomg acu =~ ~*'v

at DIE |
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Target Detection Results
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Target Detection & Localization Results

-400 - - -+ - -

[s/w] AnoopeA onelsig

Relative Bistatic Range [km]

U Single FM radio channe®4,5MHz
U Time interval: about 8 minutes
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Advanced signhal processing techniques

Severe interference (clutter, other
Tx, strong targets) usually limits

Target b
E— the achievable performance.

Antenna

Advanced signal processing is
the key for success!

Considered approaches:
o - Multi-stage target removal
- Multi-frequency deté&loc

- Cross-range profiling

- Polarization diversity

Direct
Signal

Signal | Disturbance | . e | CFAR
2 > . »  Ambiguity > :
conditioning Cancellation . Detection
- Evaluation
A
3 T :
Signal Bearing _ . N .
A . = »| Imagin
conditioning evaluation EEAng 9ing
i \ 4
Signal Disturbance e CFAR
O . Ambiguity :
conditioning Cancellation . Detection
Evaluation
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Strong targets removal (1)

Multistage processing algorithm | STAGE: M=50
v g-mo & %:-
ECA-B (K,P=0) g 5
v s E °
! 2D Auto-AMB
2D CCF
A ¢ 60 80 100 40 60 80 100 120 140 160
. Relative Bistatic Range [km] Relative Bistatic Range [km]
Evaluation of: PSLR, 3
PNFR, Range and
Doppler resolution
PSLR<PNFR s g
v 3 2
A 4
Constant threshold ~ |____. .~ | CFAR threshold 7 Il STAGE: M=55
l 80 100 120 0 20 40 Re|a6t?\,e Bist:(g; Rangio[ﬁm] 120 140 160

Relative Bistatic Range [km]
eI T T

-400

Mask updating

I

B
-300 I:I

©)

-200 g
D ionr | = =
ECA-B (current mask) etection results £ oof: $
z z
Y 3
\ 4 2 K S
2D CCF fﬂ e g

200
7

Evaluation of PNFR :

(] ‘ 4‘0 60 80 100 120 140 E ) () 20 40 60 80 100 120 140 160
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Real data set collected by the PBR experimental

prototype developed at UCL (London)
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Strong targets removal (ll)
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= With a Single-Stage Algorithm, many reasonably complete plot sequences are observed,
while for the others only few plots are detected

= When using the Multi-Stage Algorithm, additional plots/tracks are detected
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Y [km]

Multi-frequency operation (1)
Site 3

Joint exploitation of multiple FM radio channels
(for both target detection and DoA estimation)

—10000 T T T T T —10000 T T T T T —10000

19000 ~49000 49000

-8000 ~8000 -18000

47000 - 7000 - 7000

6000 6000 6000

5000 5000 5000

Y [km]
Y [km]

4000 4000 4000

3000 3000 3000

2000 2000 2000

1000 1000 1000

0 0

d Single FM radio channel:06.6— MHz ® 106.6 MHz
O MF integration90.3 — 94.5 — 103.0 — 106MHz o AoMHz

) ) _ MF Integration
O Time interval: about 8 minutes ® ATC data
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Multi-frequency operation (ll)

Site 3
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O MF integration:90.3 — 94.5 — 103.MHz ® PBR detections
. ) . o
O Time interval: about 40 minutes ATC data
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Results against cooperative targets (l)

60
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o
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O Acquisition campaign in cooperation with B
0 2000 4000 60’00 8(;00 10000

ENAV

J Time interval: about 56 minutes
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Results against cooperative targets (1)
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U Single FM radio channe®4,4 — 106,6 - 107,MHz
O Time interval: about 56 minutes
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Steps toward target classification

CROSS-RANGE PROFILING OF AERIAL TARGETS
VIA PASSIVE ISAR PROCESSING

O Limited range resolution due to the narrow bandwidth (~Ir§ k

O Achievable good cross-range resolution thanks to pasS#®dlItechniques for targets with g
motion component tangential to the bistatic radar ellipse

<\
GOAL: IMPROVE TARGETS LOCALIZATION AND CLASSIFICATION (APABILITy

Passive Coherent Location — Principles and ongoing acti vity at DIET
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System and target model description

The target is moving with a constant
speed V following a straight path rotated
of an angled, counter-clockwise from

the X axis.
X 7 T __R_X(XRX; 0, ZRX)

e —— Bistatic range and Doppler frequency

"/ R during the timet for scatteremn:

Ve

./ o[ Ry(6) = Rygn(t) + Rpgn () }
4 TX(Xrx, Yrx Z1x) >

Yy AR CERTAC)

By considering the target fulcrum as the n = 0 scatterer, the Doppler frequency at first orde

1| /x7rxcosOy+ sinf XpxCOSO 1 X7xC0SOo+ Sinfy)> 1 XpxCc0S0p)2
fo(t) =2 [( X050 +yrxsinbo | Xrx o) V— ( _ (xrxcosby 3yTX 0) n _ (xRrx ‘ 0) )V@]
A RTx Rrx Rrx Rrx Rrx Rpx
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Theoretical Doppler bandwidth and CPI

Thus, the total Doppler bandwidth is given by:

B, = 1< 1 (xrxcosf, + yrxsindy)? N 1 (xRXc0590)2>V2T
A RTX R'?‘X RRX R}%X

Maximum theoretical achievable cross-range resmiuti

[ Top = % = Vsin(6y — £/2)/B, }

d
Example:
X Rx X 0, =m/2 6, =m/4
6
7 (F, =100 MHz) 10 13.3 18.8
V=150 mis
5 26.6 37.7
Y 1 133.2 188.4

Long CPlIs require an ISAR phase compensation after high phase terms order
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F. Colone, P. Lombardo, and the RRSN Group — Dip. DI ET, Univ. di Roma “La Sapienza” 40



Advanced processing scheme for FM-ISAR systems

== Targets
A hih
—
/\-
//'
== LSlm‘enI]am
i Mul«p-lwoms “’ S From other
Salea Mme ; PCL sensors
antenna A
Range-Velocity Map Evaluation ' l
: : Bistati
5”':'*'"3"'“ [ CD'St“'I'I’a:_“e - Range | FFT Slow-Time chAR | e | xy L SHORT
ol S Compression Processing Detection Tracking Localization CPlIs
Reference ‘ ‘
channel | s ——
I ' i i _J
Range strip selection =+ l -------------- A =

Target Motion Estimation

|
I i
I 1
I 1
: . Subaperture stage :
1
: Full aperture stage 1 L LONG
1
: i
| 1
I 1
|

ISAR processing

l CPlIs

| Doppler Profile Cross — range I. To Fgrggt
| ISAR Formation Scaling classification
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Experimental tests

- North

Y [km)

- North

Y [km)

Test A TestB Test C
30 T T 30 T T T 30 T T T
cs
20 - Target Mode-S Address Target size
Target type : Target photo A
ks ID (Hex code) (Length x Wingspan) TX Monte
10+ Al1 Gennaro
A3
i RXMortd A1 477721 Boeing 737-8JP 39.5mx35.8m \
(Norwegian) ' ' -S—
-0r Al / A \, C1 %
5 \
L
-20 R / A9 Giampino
Airport
A8 T A6 [ ]
.30 - Fiumicino Ci i _ T
w— Al BL 3C6606 Airbus 320-211 37.57mx34.10m
A7 aa A0 (Lufthansa)
o 20 20 10 0 0 10 20 30
X [km] - Ea X [km] - East
Test [ c1 405638 Airbus AS19-111 | 53 84 1 x 34.10m
30 — (EasyJet)
20 I
A . 5ts (A, B, C, D and E
’ D1 8960F8 Airbus AS80-861 | 75 75 1 x79.75 m , E_-j ith diff )t
(Emirates) : : pre days with different:
ies
Al, B1, C1, D1 and E1)
Boeing 777-243
El 4CA987 (ER) 63.7mx 60.9m
(Alitalia)
. s , ‘ T 01 . 7= ‘ . , ‘
-40 -30 -20 -10 0 10 20 30 -40 -30 -20 -10 0 10 20
X [km] - East X [km] - East
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Results for Test A

Along-track profiles for three different FM channels aibied using a CPI of 70 seconds.

The dashed lines
mark the target size
T~ of 39.5 m provided
by the air truth (ADS-
B)

/

—
o
T

—_
(9]
T

Normalized profile (dB)

3ot | | me_hﬂjl

-200 -150 -100 - -50 0 50 - 100- 150 éOO
Along-track (m)

3

Good stability for target cross-range profiles agkd at different FM channels!
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Results for all tests

Test A Test B Test C

Normalized profile (dB)
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Target classification capabllity

Medium target (A1) [ ' TE : i : i
Long target (D1) or !

Medium target (C1)
Long target (D1)

&
T
&
T

—
o
T
—
o
T

Normalized profile (dB)
|a i

Normalized profile (dB)
|a 1

20 ' 20 F
25 ’\ q . 25 (L] A
_30 1 L 1 1 1 nn _30 M i L Mn i 1 L 1 1 1
200 -150 -100  -50 0 50 100 150 200 200 -150 -100  -50 0 50 100 150 200

Along-track (m) Along-track (m)

Conclusions: For target with a motion in the cross-range direction
it is possible to identify the targets size class.

Passive Coherent Location — Principles and ongoing acti vity at DIET

F. Colone, P. Lombardo, and the RRSN Group — Dip. DI ET, Univ. di Roma “La Sapienza” 45



Use of different
antenna polarizations

Bistatic Velocity [m/s]

Relative Bistatic Range [km]

Exploitation of polarization diversity (l)

Bistatic Velocity [m/s]

Passive Coherent Location — Principles and ongoing acti

O Dual-polarized antennas (3
cross-elements Yagi, gain 7
dBi, front-to-back ratio >16 dB)

U 50 consecutive data files
O FM channel @ 94.5 MHz

vity at DIET

Relative Bistatic Range [km]
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Bistatic Velocity [m/s]

Exploitation of polarization diversity (Il
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Epr0|tat|on of polarlzatlon & frequency dlverS|ty
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DVB-T-based passive radar for
alr and ground traffic monitoring

Passive Coherent Location — Principles and ongoing acti vity at DIET
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OFDM waveforms of opportunity

. Channel . Velocity .
Waveform Batrl\]/ldl—\?g ]d th Bandwidth Trantsm:assmn R;i?ifon (Doppler) Saurvltieégz;r;(r:]e Targets
[MHZ] P resolution PP
DAB 174240 1,537 Continuous Good Good Medium A'ggztf;s
) . Medium Aircrafts
DVB-T 460+790 8 Continuous Very good Good Short Boats
DVB-SH 2175+2200 5 Continuous Good Good Very Short A'gg::f
790+862 5
1710+1785 10 Aircrafts
LTE 1805+1880 15 Burst Good Good Short Boats
2010+2025 20
2500+2690
2400+2500 Humans
WiFi 5150+5350 20 Burst Good Good Short Cars
5450+5725
1,25 . Boats
. ) 5 Medium
WIMAX 3400+3600 Burst Good Good Cars
10 Short
Humans
20
RF|
0 1 GHz 2 GHz 3 GHz f

Ooae Oove-T @LTe @ ove-sH Ewiri @wiMax
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DVB-T as |O : Advantages and drawbacks

In cooperation with
—

~ Fraunhofer

FHR

|

PRO’s

v"Wide Bandwidth-> Good range resolution

v Constant bandwidtk> close-to-ideal ambiguity function for
target detection

v"No need for a dedicated Reference Antenna

CON'’s

X Low-power-> short range applications!

X Single Frequency Network

X Emissions towards the groun#l not necessarily good coverage
of higher altitude aircrafts
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Acquisition Campaign (1)

» In Eckernforde, Germany

» Fassive radar system PARASOL developed
at Fraunhofer FHR

» FARASOL was mounted on a moving boat

» Two parallel receiving channels, each one
connected to a different log periodic

In cooperation with

Fraunhofer

antenna
» DVB-T signals as 10
» 3 Cooperative targets

Ultra light aircraft: Delphin

Passive Coherent Location — Principles and ongoing acti vity at DIET

FHR
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Acquisition Campaign and Processing

Delphin

In cooperation with
/

~ Fraunhofer

FHR
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In cooperation with

Experimental Results (1) S Fraurhoter

168 consecutive data files
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Experimental Results (1)

In cooperation with

~ Fraunhofer

FHR
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Experimental Results (l1)

Single Polarization
X It Is impossible to establish a priori the best performing
polarimetric channel

Polarimetric NCI
v Slight improvement in target detection capability
X False alarms increase

Polarimetric GLRT
v’ Strong improvement in target detection capability
v More continuity on the tracks
v Good false alarm control capability B Fraunhiofor

FHR

\
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DVB-T based PBR for air traffic monitoring

B Acquisition campaign of May 2016

T RO w0 1 Surveillance antenna pointed
, B o N e P T A ] “ according to standard arrival and
Rt o 2 N e 8 S departure routes to and from
f’ . R T B sy o & == Fiumicino and Ciampino airports;

-
e

£ 0 Reference antenna steered toward
Monte Cavo:;

i O Carrier frequencies: 586 MHz,
634 MHz, 714 MHz, 762 MHz;

Aeroportolinternazion 7
Leonardo da Ving*

P 1 Continuous acquisition duration:
| about 0,45 sec;

0 Live ATC regqistrations available;

Eame (1 Highway near the receiver
AT osttion:
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DVB-T based PBR for air traffic monitoring

B Acquisition campaign of May 2016
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|
|
|
|
|
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), In cooperation with

=7 Selex ES

A Finmeccanica Company
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DVB-T based PBR for ground traffic monitoring

42
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DVB-T based PBR for ground traffi

C mon

itoring
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DVB-T based PBR for ground traffic monitoring

| B . Each map (of 14) is normalized with noise power estimation and
A shows the trajectories of ground moving target in the specific
geometry

Bistatic velocity [m/s]

Bistatic velocity [m/s]

b o5 4§ 45 2. 25 i3 i35 4
Bistatic range [km]

A, In cooperation with

- Selex ES
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DVB-T based PBR for maritime traffic monitoring

Maritime surveillance application

\\, In cooperation with

Selex ES

ympany

N —

Could guarantee complete
and continuous coverage
(could be used as Gap filler)

Precise tracking is required at
short range as well as the
capability to detect small (low
RCS) targets
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DVB-T based PBR for maritime traffic monitoring
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DVB-T based PBR for maritime traffic monitoring
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DVB-T based PBR for maritime traffic monitoring

Over the horizon maritime surveillance capability

20
10

0
-10

-20

Y [km]

-30

-40

-50

-60

-70

-50

-100 -90

Passive Coherent Location — Principles and ongoing acti vity at DIET

Max
Dist.
[km]

DoA
[deg]

[m]

102

244

21(Q

69

251

N/A

N/A

61

206

200

30

65

199

161

25

F. Colone, P. Lombardo, and the RRSN Group — Dip. DI

ET, Univ. di Roma “La Sapienza”

65



DVB-T based PBR for maritime traffic monitoring

T F

= J ;- B ) E]

Time: 09:51:30
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S il

Test in Civitavecchia:
Very small inflatable boat
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DVB-SH-based passive radar
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DVB-SH-based PBR

Eutelsat 10A (Ex W2A) ®
R Target
Latitude 0.01°N Flying Height .|
Longitude 10.05 °E PRUAN
Height 35840 Km '
72 dBW (nominal) Dk
EIRP (<59 dBW due to damage to the antenna during the = _/—
launch) {
Carrier frequency 2.185 GHz
Signal Bandwidth 5 MHz Y : 1 ( )
Earth ! = —
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Coverage Europe ; i
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Vig o
Ny o e
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), In cooperation with

';/' Se ex ES D. Cristallini#, M. Caruso#, P. Falcone#, D. Largii#, C. Bongioanni#, F. Colone#, S. Scafé*, Bnibardo# Space-Based Passive Radar Enabled by the New
Generation of Geostationary Broadcast Satellités#Dept. INFOCOM - University of Rome “La Sapienz&Selex-Galileo

A Finmeccanica Company
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DVB-SH-based PBR

» Prototypes development & acquisition campaigns

A
£

U Super-heterodyne receiver architecture

MIXER
ZX05-43+
X X X % X
ADC
~ ~ R ~
Filtro RF 1 LNA AMP Filtro RF 2 AMP FILTER  £X76-31RS-PP+ AMP FILTER
PassaBanda  ZX60-33LN ZKL-2R7 ~ PassaBanda ZKL-1R5 70 MHz SAW Filter ZKL-1R5 70 MHz SAW Fillter
— [ Tests performed on
the roof of our
laboratory in Rome
:\i In cooperation with
-7 Selex ES
A Finmeccanica Company
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DVB-SH-based PBR

SNR [dB] - SLL, @-27(RED) SLL,@-32(WHITE)

\

> Satellite
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T— |~
/ - 0
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| ‘l - Doppler Cut
I i ® RangeOm
B ® Range 52,5m

A car moves along the path (velocity of about 1()m/'§§°
Acquisitions duration of 0,5s

_}“, In cooperation with
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Passive radar system
based on navigation satellites

Passive Coherent Location — Principles and ongoing acti vity at DIET

F. Colone, P. Lombardo, and the RRSN Group — Dip. DI ET, Univ. di Roma “La Sapienza”

71



GNSS-based passive radar

Global Navigation Satellite Systems (GNSS) as
opportunity transmitters for Passive Radar

applications

GPS, GLONASS, Galileo, BeiDou

s
it

8

,

Global coverage

Multi-angle illumination
Larger bandwidth than other opportunity transmitters

Easy synchronization

Very low power budget (power spectrum density ~-150 dBW)
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GNSS-based PR - RRSN group activities
« GNSS-based passive SAR imaging

 ENEERIN( 1 ¥ o
e UNIVERSITYOr
LECOMUNICATIONS BIRMINGHAM

Computer Engineering

SPyGLASS

GALILEO-BASED PASSIVE RADAR SYSTEM
FOR MARITIME SURVEILLANCE

http://www.spyglassproject.eu

ASTER (Italy), UNIROMA1 (ltaly), University of Birrmgham (UK), ELT GmbH (Germany)
& SAPIENZA G

THE UNIVERSITY
OF BIRMINGHAM

i _
\ ,' </ UNIVERSITA DI ROMA

Passive Coherent Location — Principles and ongoing acti vity at DIET

F. Colone, P. Lombardo, and the RRSN Group — Dip. DI  ET, Univ. di Roma “La Sapienza” 73



Passive bistatic Synthetic Aperture Radar

Synthetic Aperture Radar (SAR). a radar technique able to generate a 2D mapeof th

reflectivity (radar image) of a stationary scene

Conventional SAR a spaceborne/airborne radar system transmitsnd@uof successive radar

pulses during its orbit

M
U Range resolutio» high-res. achieved by transmitting wideband 7 '.;'
waveforms (e.g. chirp)
O Azimuth resolution> high-res. achieved by processing the signal

received from the scene during multiple transnyttimtenna position

A dedicated transmitter is needed

Only the area illuminated by the transmitting anten

footprint can be imaged

Interest in research alternative solutions makirgafs

different illuminators=> Passive bhistatic SAR
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GNSS-based passive SAR

e Ground-based stationary receiver collects the

signals emitted by GNSS transmitter

) @ﬁ* -- —_".l‘ '._.7‘ <
« Radar Channel collects the reflected signals feonfigs:

stationary scene for imaging

« Heterodyne Channel records the direct signal for}

synchronization

B 6-8 satellites simultaneously in visibility for

Ground plane .~

a single constellation (24-32 when all 4

>

" North

GNSS system fully operational)

B Multi-angle views of the same area
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North axis [m]

Bi/Multi-static image response

Bistatic PSF is approximately an ellipse with tason cell 24
area around 1009
Tx A Tx B
60 - ‘ ' ! ! | ' I 60 | |
40 - 0+ 1
ok 1 g or
+ g

-60 -40 220 0 20 40 60 -60 40 -20 0 20

40 60
East axis [m]

East axis [m]

B A non-coherent combination of the individual imagesults in a

& multistatic image whose resolution cell area isdwerlapping segment
_ : | of the single bistatic PSFs, and therefore maysiserially reduced
PSF AREA

w PSF A PSFB MPSF
B 98 n? 80 n? 17 ne

F. Santi, M. Antoniou, D. PastinaPbint Spread Function Analysis for GNSS-based Multistatic SAR,” IEEE
Geoscience and Remote Sensing Letters, Feb. 2015 76




Experimental setup

O Experimental hardware: superheterodyne receiverldpeed at the University of Birmingham

» Heterodyne channelHC) - direct signal for synchronization (low-gain antempuented toward the satellite)

» Radar channel(RC) - signal reflections from the target

area (high-gain antenna pointed toward the obseaxegi

O Target area: Metchley Park



Experimental bistatic image
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Image features

East direction [m]

-1400 == .

-400 =t=

North direction [m] ol re'e lines @ midg
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Multi-angle images

West direction [m]
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O Dominant scattering centers can be extracted from
the individual images and then combined to form a
scatterers map

North direction [m]

5 and ongoing acti vity at DIET

) — Dip. DI ET, Univ. di Roma “La Sapienza”
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Multistatic imag
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Tree-lines results

2900
E-SSO o K )
BSAR 2| % .
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Passive GNSS-based M-MT]

d GNSS Satellites used as transmitters

L Fixed Coastal receiver to monitor coastal areas

O Mobile receiver located on vehicle for hot spots surveillance or aal dewices for

open sea coverage
GNSS TX

QO Command Center for ~ ®%%

centralized analysis of data

___w»__ Airborne Receiver

Command
Centre

Passive
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F. Colone, P. Lombardo, and the RRSN Group — Dip. DI  ET, Univ. di Roma “La Sapienza” 84



i § =

g

/8

Target Detection by means of buoys: intrusion
in marine protected areas

Passive il ongoing acti vity at

Port Operations Monitoring River Navigation
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Single channel M-MTI performance analysis (1/2)

. SNR required to achieve a
. specific B, given a desiredP
- when N, batches are
integrated non-coherently

non-coherent integration
improvement factor

d SNR value to achieve the desiregaiad P, evaluated as

SNR = %220'12‘43 + 1};73 Swerling 0 SNR = log(Pra/Pp) Swerling |
A=In——,B=In—2 target log(Pp) target
Prq 1- P,

d Improvement factor for integration oveg Idatches(square-law detector)

l0g10(1/Prq) )
I(Ng) . = 6.79(1 + 0.253P;) |1 + 166 (log1oNg)(1 — 0.14log,oNg + 0.0183logi,Ng)
O SNR value at batch level
: batch
_ : coherent i
: gain =

.........................
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Single channel M-MTI performance analysis (2/2)

CASE STUDY: target RCS=1004rP,=103, P=0.9

Free space model

Two-rays model

3 1.6 . .
Swerling | & T =1 sec Swerling | & T =1 sec
Swerling 0 & T =1 sec 1.4l Swerling 0 & T =1 sec |
23] Swerling | & T, =5 sec Swerling | & T, =5 sec
= Swerling 0 & T =5 sec = 12l Swerling 0 & T =5 sec |
2 of et 2
) £ @
g o 2
g g 1r
@ ~ @
IS g 0.8
= S
= A ///’ S 06r
05 // | 0.4
0 : L ‘ ! 0.2 L I L \
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Basic plane based M-MTI tecnique

-Tobs/2 Thatch . Tobs/2
Range Cxi)mpressed data
|
\ batch 1 )\ batch 2 A A batch N )
| | | |
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Target Motion Compensation (TMC)

/R %R WR/ (Rfo) maps

L ro
FFTR
- -
Range migration
IFFT,
v R fa)
IFFT,
(Rt,) e~ J2m(fqnTR)ta
Doppler migration
FFTa
v RfD)
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Dataset #1: target and receliver
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Experimental dataset: GLONASS - Low RCS target

Passive Coherent Location — Principles and ongoing acti
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Experimental dataset: GLONASS - Low RCS target

Single batch RD maps
Tbatch: 3

114 -14

112 112

4110 -10

Bistatic range [m]
Bistatic range [m]

Doppler [Hz] Doppler [Hz]

Integration over long time is mandatory to get the detection of tangeiaw RCS
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Experimental dataset: GLONASS - Low RCS target
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Experimental dataset: GLONASS - Low RCS target

Bistatic range [m]
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Experimental dataset: GLONASS - Low RCS target
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On going works and future activities

e Single transmitter: limited
performance in detection

e Try to improve performance using
the information of more
transmitters

« Basic plane is dependent by the
considered transmitter

. Ry =
Receiver ~ RXTG T e

Goal

Study of strategy to put together the contributions of
different transmitters to improve performance

v' Multiple transmitters could be exploited also:
» |ocalization
= tracking
v Possibility to extract target features thought ISAR techniques.
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WIiFi-based PBR
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Short Range PBR potentialities

« Improve interior and exterior security for all types of building;
« |dentify and track goods and people.

Outdoor Indoor
- N
i/ I Wi Fi Networked |
\ ( Access Points
| ISignal and Data
Surveillance Processing
Receiver _ ,,,,,,,,,,,,, u
—_\ : |
1 1]
1 1]
: : [ to intelligence .
| and seourity
\\_\_:: i E .
> Reference I ,,,,,,,,,,,,, _J
Surveillance Receiver
Receiver S -
Surveillance I I | ,I n‘l — |
Receiver K
. Receiver ( [
Intruder
Reference firport
i ke Terminal
Transmitter

 Moving objects might potentially be detected and Security of public areas (railway stations, airport
localized or classified. terminals) or private commercial premises.

Wireless LAN/MAN transmissions sources might
potentially act as an ideal illuminator of oppoityrior I:> IEEE 802.11 - WiFi
Short Range surveillance using the PBR principle.
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Prototypes development

ADBI4T
1&0 Demodulator

)
Antenna R - ;
)

o
| lorida di OL

oL >
12!

CLK GEN Innovative

RF

Antenna

XJLE

o

| Ibrida di OL

oL ADF 4360
CLK GEN

Signal down-conversion & base-band sampling
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Acquisition Campaigns
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Vehicular target detection results

double bounce of the farther target on
the metallic wire fence

CCF + BWN + ASRF (dB)

Velocity (km/h)

. TX Antenna

20 dB Coupler
¥
L M |
. —
[1 ll,l‘ S D-Lmk Access Point 0 50 F1{00 150 200
‘ * ”‘} 'RX Antenna ) R.F —IF ange (m)

i SURV CH jeﬁ_"F . ey
i3 metallic fence delimiting the

NI-5600 ' NI-5122 Ma}th parking area
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y axis [m]

Vehicular target localization results

» Vehicles localization

Directional
Coupler

3 E « Target localization test:

- vehicular target

Access Point

— BB Down- Digitizer

§ Convertion % fs:?%ll.';Hz ‘.‘:ﬂ,
A GPS receiver was xr
used to collect the ; )

ground truth.

PCL results exploiting pre-filtered
Range (using Doppler) and DoA
measurements from 2 PCL sensors

-~
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WiFI-based passive ISAR ()

Vehicular target 70
detection 6o

experiment. 5o o G
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direction with ~
constant
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WiFI-based passive ISAR (lI)

80 Vehicular target detection experiment.

Two identical cars move along the cross-range direction with
constant velocity (about 4m/s).

Each car has a length of 4 m.

The car have a fixed displacement of about 2 m.
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ISAR integration time 6 sec.
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frames 0.1 sec.

Total acquisition 10 sec.
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Passive Forward Scatter operation mode

What is Forward Scatter Radar?

= An extreme bistatic radar with a bistatic angle = 170-180°

= Signals received in FSR are presumed not to be reflections from the targets (such as in
conventional radars) but the shadowing of the emitted electromagnetic (EM) energy.

& ‘ I
70 s s e
N A
JERIE SRS U S S
R RS B | L A
FSR Advantages: e e B o s
© enhanced target radar cross-section R R - Aécquishlignﬁmi) W 16 18 2
O simple processing
© robustness to stealth technology The feasibility of a forward scattering passive radar
() automatic target classification using WiFi transmission has been investigated
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Passive Forward Scatter operation mode

In order to assess the impact of the FS geometMy/iBnpassive radar, a new acquisition campaign has
been performed.

* The test were performed in a parking area
in Cisterna di Latina

* A single transmitter and two receivers:

v" Rxmono: in monostatic configuration

v" Rxrorwarp: in forward configuration with p=180°
* Direction: B> A with BA80 m
_b=_40_h Ak SR , , : = * Velocity: between 3.5-5m/s

S '_ "+ Vehicle- categories: Punto Evo, C3, Polo, Peugeot 107

-
72

: 3 ‘ 70
DTX-auto=20 m . i 68
S 66

64

62

SNR [dB]

60
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vehicle signature

56

54

2

I I
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| | |

8 9 10 11 12 13 14 15 16

5
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The vehicle signatures can be used in a classditatstem because:

Passive Forward Scatter operation mode

the same target along different tests has the saimele signatures.

Each target has a particular shape.

OT 107

PEUGE

EVO

PUNTO

data6 [
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WIFi-based PBR for small aircrafts surveillance

T e — w—

e

Test campaigns performed in a small airfi;
named “Aviosuperficie Monti della Tolfa”
located in Santa Severa

—

| Car Parking

~Animal
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WIFi-based PBR for small aircrafts surveillance

TEST #1

A small aircraft moved on the
runway just after landing

detected along its trajectory

. . . " round truth
O The small aircraft is continuously -

O A good agreement is observed between
PBR results and available ground-truth 3
>
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WIFi-based PBR for small aircrafts surveillance

TEST #2

A ultralight aircraft is moving in the
proximities of the runway

The system is able to localize
the very small aircraft

Y-axis [m]
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WIFi-based PBR for small aircrafts surveillance

TEST #3

A powered paraglider is flying over the
runway involved in a ‘touch and go’ maneuver.
Contemporaneously, a small aircraft is
moving toward the passive sensor.

+ aircraft
* powered paraglider

The two sequences of plots
clearly reveal the presence of
the observed targets

Y-axis [m]

~/
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WIiFi-based PBR for small aircrafts surveillance

TEST #4

Ultralight aircraft during its phase
of take-off

Height [m)]
Lo

Ly
T
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WIiFi-based PBR for drone detection

Test campaigns performed in a University
sport center (CUS)

Size: 60 cm x 60 cm x 9 cm

Material: carbon fiber & expanded
foam
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10N

I-based PBR for drone detect

Wi

18.5

X axis [m]

Y axis [m]
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Human targets detection and localization

Human target walking on the roof of our faculty, equipped
with a GPS receiver to collect the ground truth.

T Y

ground truth
*  WiFi-based passive radar localizations

Target localization
test: human target

y axis [m)
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Indoor surveillance applications (I)

Advantages of PCL for indoor localization and tracking
(e.g. people location and navigation along buildings,
automotive safety, vehicle navigation or asset tracking ):

o

0]

It complements existing technologies at low cost;

with respect to technologies such as RFID , IEEE
802.11 wireless LAN, and ultrasonic, it does not
require the target objects to be equipped with a
cooperative device - it is well suited for specific
surveillance applications such as intruder location,
detection, tracking and identification of unauthorized
vehicles in a forbidden area, etc.;

with respect to technologies such as infrared, it does not require direct line-of-sight and is a
“longer” range signal transmission - feasibility of uncooperatively and covertly detecting people
moving behind walls ;

with respect to video surveillance, it is not subject to the blind spots and potentially intrusive
equipment - it could be used in public areas or private commercial premises.

no extra signal is transmitted - this limits the energy consumption, prevents possible
interferences with pre-existing systems, and makes the sensor free from any issue related to
human health.
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Indoor surveillance applications (ll)

L e S S S
RX1 HXS-TEK-RXE
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TEST #1 N S T N AN N O
A single target walks forward the antennas I I S S N R N B
30 20 i0 (1] 10 20 30

location for a while and then changes its x axis [m]
walking direction
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Indoor survelllance applications (ll1)

A ssssss L i e T =
RX1 Rx&TEp(ﬂX2
] SSRGS SO 5 SO SRR SO i
) R A SRS S ...................................... y
e NN, (NSNS NN N ______________________________________ ]
(S | IREERS. NS O S| -------------------------------------- o
P ESUUOR SO SO OO LSRN, SR SO N— |
50_.a ...................................... .
S S S S S S S -
TEST #2 SR S U SN O SO NN N |
Two targets move approaching each other for a ol l , . . , .
. B . . 30 20 10 0 10 20 30
while till both of them change their walking xaxis [m)
direction.
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Indoor surveillance applications (1V)

y axis (m]

TEST #3

Two targets move initially very close each other
which results in the impossibility for the
system to resolve between them.

Only when a target changes his walking directibr,gystem is
able to distinguish between them.

-10
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WiFI-based passive ISAR against human targets

Potential of ISAR technigues in resolving real human targets mt@i@d indoor scenario.

* The test were performed in the
canteen of the school of Engineering
at University of Rome “La
Sapienza”.

* A monostatic configuration has
been employed.

* Two people move along cross-range
direction with constant velocity (v =~
1.3 m/s).

* The human target have a fixed
displacement of about 2 m.

* The total acquisition time is 10 s.

28m
Z
| —
=
st
B
2

|
Ro=24.4 m “L‘
Y
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WiFI-based passive ISAR against human targets

The two targets give rise to the presence of:

= asingle peak in the cut of range-Doppler mapatrdmge bin interested by the targets (with intiegnaime = 0.5 s)

» two peaks in the ISAR profile (with integration #ns 3 s and compensation up to the third order)

50
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10k =430
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20
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%4 50 100 - > ’ 6 8
Targets: Bistatic Range (M) Hoble bounce Doppler frequency [Hz]

they can be easily detected

butthey cannot be resolved  The results show that ISAR techniques can be ebgoldd improve cross-
range resolution so that closely spaced targetdealiscriminated.
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Integrated System for human targets localization

= Fusion of active and passive techniques for indad@or localization.

= This innovative system will be able to provide fuessition of both cooperative and non-cooperative
targets.

e,
=
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data exchange ' WiFi signal - WiFi signal l Server

o emissions reflections
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Integrated System " !
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Integrated System: PRS description

Passive Radar Subsystem (PRS):

IF Detection and localization of moving targets
@ Device-free localization

(__(.. No detection of stationary
‘. targets

é [.' Closely spaced targets

“ cannot be discriminated
WAP/TX
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Integrated System: PPS description

Passive Positioning Subsystem (PPS):

[ | Detection and localization of stationary targets

@  Certain association transmission/target

B Potentially inaccurate for
moving target (low integration)

’------s

D Itis necessary the presence

of a device
WAP/TX

For TDoA Estimation

O = -
L S ———_

NN I BN N BN N By
N\
-~

For AoA Estimation
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Integrated System: PPS + PRS

Fusion of PPS and PRS:

)
Complex 1 Target 2

|
: "
| scenario |
N —————— !
Target 1 5

Target 3 @  Each target can be detected and localized
(moving and stationary targets)

[ | Closely spaced targets can be discriminated if
they have a device

@  Integration of different
s T P ———— estimates for moving targets
/\ / I' ‘I \ with a device (for example

— | rmmmmme- - | ] T
| I I 1
WAP/TX | : i ! A !
' ! A AT
: : A A I ) N /’ i

|

A A S
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. RX2-RX3 PPS+PRS/
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Integrated System: Applications

4 Surveillance and Security

 Coordination of rescue teams in emergency scenarios

O Supply of services:
= Smart Museum

= Smart Hospital

= Smart University

Passive Coherent Location — Principles and ongoing acti vity at DIET

F. Colone, P. Lombardo, and the RRSN Group — Dip. DI  ET, Univ. di Roma “La Sapienza” 126



