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Preview

A Develop Tools/Techniques to Detect Hidden Objects

| Hidden Behind Walls (Urban Ops) |

I Buried Under Ground (Tunnels) %

I Camouflaged Under Foliage (Canopy) L ,‘J
A Tools: Embedded/Distributed Sensors (R X/RX)
A Technigue: UNB RF Tomography (vs. UWB SAR)

A BPEN/GPEN/FOPEN
A EMI/EMC: Direct Path Coupling



Preview

A Technology Transfer
I Ex: Trapped Miners ~ (CW) RF CAT Scans
ADetect (Tunnels)
Almage (Miners)



A RF CAT Scan Different from Conventional RF Imaging (SAR)
A Enables Detection/Imaging

High Resolution

A~ /20, Favors Penetration vs Resolution Trade-Off
Ultra-Narrow Band

A Low-Cost Components

A Higher SNR

A Answer to Spectrum Allocation Problems

A Compatible with Waveform Diversity (Angular/Polarization)
Snap-Shot 3-D Radar Images

A RF Movies

A Timeline Analysis

A Layered Sensing

A 3D, High Res, Full Polarization)
Variety of Deployment Schemes (GPS Sensors)
Affordable

A ESA Not Required (Simple Components)
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Purpose

A #1: Detect Tunnels (Exterior)
I Intact
I Collapsed
A #: Ildentify (Interior) Conditions

I Locate Miners



Goals

I Embedded/distributed sensing
I Layered sensing /incremental build to the engagement
I Net-centric sensing for net-centric warfare

I Development of smart weapon systems

A #2: Build a technology base and concepts of operations
to optimize the application of sensors to emerging/anticipated
technologies

A #3: Improve upon the suite of existing/emerging Sensors



Objectives

A Support AFRL Technology Transfer

A Address Following Technical Problems:
I Find Hidden (Buried ) Objects
| Wide-area/long-range detection
T High volume super resolution imagery
| Situational awareness
A Difficult Hidden (Buried) Object Detection
I Find, ID
I Difficult Terrain
I Under Ground/Under Surface Foliage

A Affordable

10



Overview

A Introduction (Hidden Objects)
A Purpose ~ Goals/Objectives

A RF Tomography

A Test Facilities

A Images (CAT Scans)

A Applications (Tunnel Detection)
A Experimental Results

A Conclusions

11



What iIs RF Tomography?
(vs. SAR)

A Enabler: Geometric Diversity
(vs. Frequency Diversity)

I Ultra Narrow Band (UNB)

) T Small, low cost sensors
Monostatic

I Pervasive and persistent

A Improved discrimination

I Sensing of multi-directional
(multi-static) scattering

I Full polarization

Rx3 Rx4 A High resolution (limit - 1 /20)
' A Trade-Offs

Rx2 I Frequency Diversity

I Spatial/Angular Diversity

Rx6 I Polarization Diversity

Bistatic

Rx7
or 10

Multistatic Rx0 Rx8 12



Bistatic Bisector

(Mapping)
Tx/Rx Geometry Fourier Space
RX
» Y Fy
oF
Ug
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Bistatic Bisector
(Scene Resolution)

TX/Rx Geometry

Tx/RX
Y
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Bistatic Bisector
(Scene Resolution)
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Ex 1: Stationary Tx/Rx, wideband waveform

Tx/Rx Geo
Rx y metry
>
> Tx
A

Fourer Space
Fy

Tx/Rx Geometry

Rxb %
_‘.-1
i’s\;ﬂ‘“
NI

X

Ex 2: Stationary Tx'moving Rx, CW waveform

Founer Space
Fy

.

Ex 3: Stationary Tx/moving Rx, wideband waveform Ex 4: Monestatic Tx'Rx, wideband waveform

Rx T;F'Rx Geometry
>

Fourer Space

Fy
Qx

e,

.......

Founer Space
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Test Facllities T In Door
(Progression in Scale)

A Laboratory
I DETECT Circular Chamber

I 8m Semi-Anechoic chamber




Test Facilities 1T Outdoor
(Progression in Scale)

A Small-Scale Outdoor (for GPR)

I Sandy Soil Site (30m~3 outdoor range)
I SAC Hill (buried sensors/boreholes)

A Large-scale outdoor
I Fort Drum (GPEN, FOPEN, BPEN ranges)
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RF Tomography Image
(Non-Specular Objects)

L:19.8 cm
D:1.6cm

L: 10 cm :
D 223 cm I\/Ieta_l Objec_ts
(Vertical Thin/Fat Tubes)
L: 20.7 cm

D: 0.953 cm
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RF Tomography Image
BPEN Scale Model
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Urban Ops
Surveillance

BPEN
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GPR Experiments
Zinc Mine (NY State)

ZCA Site
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SAR Test Setup (2D Grid)
Using UWB GPR Antennas
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Surface
Clutter

Mine Drifts
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_ GPR Experiments
Bradyos Bend
- R
Bradyos Bend Site
(1 Way Tests)
9l Well Documented Operation
9 Mining Maps
9l Tunnel Locations

9l Limestone

AFRL/RRS(SNRT)



Embedded Sub-Surface Transmitter

THE AIR FORCE RESEARCH LABORATORY
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Bradyodos Bend Site
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GPR Experiments




