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Introduction

 Bistatic RCS

— Improve detection, characterisation and identification
« Enhance target information
» Stealthy targets
— Low monostatic return
» Shaping
— Larger bistatic scattering
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Introduction

« Characterisation measurements can be impractical:

— High cost ) <
— Logistics A \\\:9

— Time constrains

« Simulations are convenient to calculate RCS of targets (CEM)
— Accurate
— Efficient |
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Scope

- n . D e Asymptotic methods
Bistatic RCS * Geometrical Optics (GO)

Simulations e Physical Optics (PO)

/e Accuracy & efficiency
e Complex electrically large targets

\
BiStatiC RCS ¢ Used for validation of CEM methods

e Compact Range at University of Pretoria was
Measu rements configured for bistatic RCS measurements

Bistatic RCS e Compact range measurements

* Traditional: Passive calibration targets

Ca“bration | ° Active calibration target
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BISTATIC RCS SIMULATHONS
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Bistatic RCS Simulations

« Asymptotic vs Full-wave

— More efficient
* Runtime
« Computational resources

— Less accurate
— lIdeal for electrically large problems
« Accuracy & efficiency investigated
— Full ray-tracing PO &
— Ray-launching GO
« Complex targets
« Large bistatic angles

CEM Methods in FEKO 7y Altair

U
ELECTRICAL SIZE




Bistatic RCS Simulations

« Canonical targets
— Flat metal plate
— Dihedral corner reflector
 Complex targets
— Canonical missile shape v
— 1:25 Boeing 707 scale model
— 1:34 F117 scale model
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Bistatic RCS Simulations 128 e 21 el e
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Bistatic RCS Simulations 1:54 Flgz-;;a:;mode'
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- - - - Dihedral corner reflector
Bistatic RCS Simulations

FEKO does not account
for structural shadowing
form reflected rays
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for multi-bounce GIR
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BISTATIC RCS MEASUREMENTS

Bistatic
receiver

< parabolic dish

reflector




Bistatic RCS Measurements

« Canonical targets
— Flat metal plate
— Dihedral corner reflector
 Complex targets
— Canonical missile shape
— 1:25 Boeing 707 scale model
— 1:34 F117 scale model
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Bistatic RCS Measurements

RCS [dBsm]

T

Far-field simulations

Measurement setup simulations
Measured
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Bistatic RCS Measurements

Measured MLFMM
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BISTATIC RCS CALIBRATION

« Passive Calibration Targets

— Spheres, Corner reflectors

— Physically large for High RCS

RCS vs radius of a Sphers
T T

 Decreased beamwidth

— Co-polarization

— Monostatic calibration

i I I i L i
1) & 10 18 20 28 30 35
RCS of a sphere [dB]

« Active Calibration Targets

Calibration Target w Value (RCS = 10dBsm)

Sphere Diameter 3.6m
|

Active Target LxWxH 0.25x0.15x0.1 m GI R
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Bistatic RCS Calibration: Active Calibration ‘Target

« A small lightweight active calibration target was designed and used
for monostatic and bistatic RCS calibration

« Benefits active calibration target
v High dynamic range in all four polarization configurations
v' Large beamwidth

v’ Large bistatic angle N2 G |
s
Receive antenna :7 RF aﬂz;pliﬁer

g
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Active Calibration Target

Parabolic Reflector

» Characterised and tested
— Compact range
* Sphere
— Outdoor measurements
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Monostatic RCS Measurements

« QOutdoor measurements

— Verify ability of the calibration target to calibrate a ground to air
radar in a dynamic environment

— S-band single polarization Doppler radar
« 3.1 GHz - 3.3 GHz

— Calibration target mounted on a tri-copter

Active calibration target
mounted on a tri-copter:

Ground to air based radar /
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Monostatic RCS Measurements

« Azimuth and elevation angle of approximately 0° towards the radar

20
¢ Outdoor measurements 5 :-30: - -20_0
17.57 - - - -Compact range ARC 1
15 S Compact range ARC + tri-copter i 05
T 125F T Tt e-ao L 1 osf
g _________________________ ’ ________________ ? ;g 02 >
S 10fy T LT - g S
Z 15 Z o g
5t "l
25F o
0 L 1 1 1 1 BT C%%S.?RAI\?GEO(}‘I]elgrzs) 08 04 08
3.1 3.15 3.2 3.25 33
Frequency [GHz]
* Improve
— Stabilizing gimbal
H [
— More advanced tri-copter GIR
— Batteries
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Bistatic RCS Calibration

« Bistatic RCS calibration performance of the active calibration target

— Compared
* Full-wave MLFMM simulations
» Sphere calibration

RCS [dBsm]

Calibration ARC
------------- Calibration Sphere

-150 -100 -50 0 50 100 150
Azimuth Angle [deg]

Bistatic RCS of the canonical missile, 8 = 30.8°, VV
polarisation at 3.6 GHz. GI R
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Conclusion

Solver

Bistatic RCS Simulations

— Canonical & complex electrically large targets
« RAM & Runtime — 1:25 Boeing 707 scale model
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— Complex electrically large targets
« Multiple scattering

— GO optimal

Bistatic RCS [dBsm]
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Conclusion

« Bistatic RCS Measurements
— Compact range
« Limit: target-receiver far-field distance

— Good results
« Complex targets — various sized scatterers




Conclusion

 Bistatic RCS Calibration
— Compact Range measurements

— Bistatic full-polarimetric calibration target
« Small, lightweight & cost effective
 Large bistatic angles

. Epur — Epurpack
Ocal DUT = E. . —E Ocalib
Ref Ref,back

our future through science




Thank you

&

<

[2] “Bistatic RCS measurements in a compact range.” UNIVERSITEIT VAN PRETORIA
“ UNIVERSITY OF PRETORIA

[3] “An active wideband reference target for the calibration of ground to air racba:n syﬂems ‘iA PRETORIA

[4] “Dynamic radar calibration using an airborne active calibration target.”

[5] “RCS Measurements and Simulations” CEM Workgroup

[1] “Active calibration target for bistatic radar cross-section measurements.”

our future through science



