
1

A. J. Gatesman, C. Beaudoin, R. Giles, J. Waldman
Submillimeter-Wave Technology Laboratory

University of Massachusetts Lowell

 J.L. Poirier, K.-H. Ding, P. Franchi, E.J. Tichovolsky, and B. Weijers
Air Force Research Laboratory

Hanscom Air Force Base, MA 01730

W. Nixon
U.S. Army National Ground Intelligence Center

Charlottesville, VA 22902

VHF/UHF Imagery of 
Targets, Decoys, and Trees

Poster presented at Oct. 2002 MIT Lincoln Laboratory CCC&D Conference 
STL website: http://stl.uml.edu/stlweb/index.html



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
OCT 2002 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2002 to 00-00-2002  

4. TITLE AND SUBTITLE 
VHF/UHF Imagery of Targets, Decoys, and Trees 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
University of Massachusetts Lowell,Submillimeter-Wave Technology
Laboratory,175 Cabot Street,Lowell,MA,01854 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
The original document contains color images. 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

18. NUMBER
OF PAGES 

19 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



2

Physical Scale Modeling Radar
Measurements

Advantages of Scale Modeling Radar MeasurementsAdvantages of Scale Modeling Radar Measurements::
- Rapidly generate calibrated signature libraries - Rapidly generate calibrated signature libraries 
- Controlled, covert environment- Controlled, covert environment
- Models built from intelligence data- Models built from intelligence data
- Rough ground planes, clutter, trees - Rough ground planes, clutter, trees 

• The entire VHF/UHF band can be modeled with a 2-18 GHz radar system and 
      carefully constructed scale models and scenes

VHF: 25 MHz - 100 MHz  (using 2-8 GHz and 1/87th scale models)

VHF/UHF: 100 MHz - 500 MHz (using: 3.5-17.5 GHz and 1/35th scale models)

UHF: 300 MHz - 1000 MHz (using: 4.8-16 GHz and 1/16th scale models)
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Fully-Polarimetric Radar Range

• 2 GHz - 18 GHz Pulsed-cw Radar System

• Accurate Positioning of Target, Scene, and Calibration Objects

• Pulsing Unit Controls Polarization for Fully-Polarimetric Operation

!

microwave

transceiver

computer control/

antenna system

anechoic chamber

scaled target & scene

lo target support

translation/rotation

 hardware
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1/35th Scale Vehicles, Terrain and
Trees

Decoy T-72 M1

Dielectric Trees
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Signature Validation with 1/16th Scale
Slicy
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VHF RCS of Slicy Compared with
CARLOS

285.7 MHz and 15° elevation

VV Polarization
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HH Polarization
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HV Polarization
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VH Polarization
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Materials Issues
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R ! 99.97%

Reflectivity of 1/35th Scale M-1 Coating Reflectivity of Scaled Model Soil

Thickness (Å) Elevation angle

•VHF/UHF dielectric constant of wood ranges from ε  =  13 + i 3 to 68 + i 20
Scale model wood (aluminum-loaded epoxy): ε =  69 + i 10

•VHF/UHF dielectric constant of soil ranges from ε  = 3 + i 0.5 to 24 + i 5
       Scale model soil (carbon-loaded polyurethane): ε  = 14.7 + i 1.1 

• 4000 Å sputtered Cu coating on M-1 model
• Skin depth of Cu film at 10 GHz = 8000 Å

• Brewster angle of soil = 15° elev.



8

Demonstration of Brewster's
Angle at 286 MHz

• Dihedral formed between aluminum block and ground plane to
demonstrate Brewster’s angle

• Ground plane dielectric constant: 14.7 - i 1.1

• Ground plane models soil with moderate moisture content
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VHF/UHF TRCS of M-1 Tank

Free-space On smooth ground plane
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VHF/UHF TRCS of M-1 Tank
On ground plane with trees Trees only
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Imagery of 8 Trees on Smooth Ground Plane
0° aspect, 45 ° elevation, 171-514 MHz
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Imagery of M1 Tank in Open Field
0° aspect, 45 ° elevation, 171-514 MHz
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Imagery of T-72 Tank in Open Field
0° aspect, 45 ° elevation, 171-514 MHz
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Imagery of Tank Decoy in Open Field
0° aspect, 45 ° elevation, 171-514 MHz
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Imagery of M1 Tank Obscured by Trees
0° aspect, 45 ° elevation, 171-514 MHz
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Imagery of T-72 Tank Obscured by Trees
0° aspect, 45 ° elevation, 171-514 MHz
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Imagery of Tank Decoy Obscured by Trees
0° aspect, 45 ° elevation, 171-514 MHz
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UHF & W-band Imagery of BMP-2
 Free-space, 40° elevation, Image center angle 55°

UHF and W-Band Bandwidth: 487.5 MHz   --> 0.31 (m) down range resolution
UHF aperture 75 deg --> 0.31 (m) cross range resolution

W-Band aperture 0.288 deg --> 0.31 (m) cross range resolution

UHF Imagery

W-band Imagery
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Program Accomplishments

• Established Fully-Polarimetric Pulsed-cw 2-18 GHz Radar Range

• Acquired Calibrated VHF/UHF Signatures of Scale Models in Forested Terrain

• Demonstrated Signature Validation with MoM Code (CARLOS)

• Developed Signal Processing Techniques for FOPEN ISAR Imaging

• Developed Dielectrics to Model Live Wood

• Fabricated Ground Planes Modeling Smooth, Moist Soil Surface


