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RCS Measurements

e Measurement facilities
o Indoor
= offers privacy, controlled
environment, security
= limited in size
o Outdoor
e [nstrumentation
o Frequency domain (FD)
= continuous wave (CW)
= gated (pulsed CW)
= other waveforms (e.g.,
ultra-wideband monocycle)
o Time domain (TD)

(The Fourier transform relates the time
and frequency domains)
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e Data analysis and presentation

0 RCS versus aspect angles for a fixed
frequency

o0 RCS versus frequency for a fixed
aspect angle

o color contour plots and 3-D surfaces

o target imaging for diagnostics
(“troubleshooting™)

Basic measurement technique
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Indoor Chamber Configurations

Far field chamber: Antennas must be far
enough from the target so that a good plane
wave condition exists

= a0 Tapered chamber: Effective at low
e ———— , frequencies. The tapered region acts like a
e A, J horn antenna

Compact range: Plane wave is reflected from
the offset reflector surface. It allows much
smaller antenna-target distances
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Far Field Condition
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If R>>L then
KAmax = k[\/RZ +(L/2)? - R} e
2
2KA max z%

If the maximum allowable error is #/8

n® _=x
4RpinA 8
(4L)°
Rmin = 1

Example: L=1 mand f =6 GHz, then
Rmin =320 m. This turns out to be overly

restrictive.
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Measures of Chamber Performance

e Quite zone: cross sectional dimension

ARG, ‘;—*——L —-ﬂL 2 | over with the amplitude and phase are
P sian T T planar

Bl A;%)\%EEEY R e Noise floor: Minimum RCS level that can
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o alignment accuracy
O chamber conditions
O instrumentation stability

e Pattern symmetry
O good indication of chamber errors

e Instrumentation capability
e Data processing and display/presentation
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Sources of Measurement Error

e Chamber sources
o transmit-receive leakage
o wall reflections
o reflections from the mount

e Other sources

o Calibration target misalignment

o target misalignment

O interactions between the target and

chamber
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Measurement Procedure

In order to reduce measurement error the technique of background vector subtraction is
often used.

1. Calibrate the receiver using a known target (usually a sphere or plate).

2. Remove the calibration target and measure the background signal at all measurement
frequencies and angles. Store the magnitudes and phases.

3. Measure the RCS with the target installed at all measurement frequencies and angles.
Store the magnitudes and phases.

4. Subtract the background signal from the total signal to get an accurate estimate of the
target only RCS.

Subtraction does not include target interactions with the chamber, but practically they are
small.
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Sample Plot From Pt. Mugu
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Sample Plot From Pt. Mugu

Monterey, California

Ronge (inches)

278.8
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Absorber for Chambers

Pyramidal absorber:

e Faceted faces cause dispersion of the
incident plane wave

e Faces cause reflections and diffractions
into other wedges

e e Reflectivity of 50 dB with thicknesses of
/
| 104 or greater.
AN
Other shapes and arrangements (Prob. 8.7):
v a Foam with dielectric constant ¢, that fills a
: volume fraction of space g gives an effective
l I dielectric constant that is bounded by
d ; E— £1< &eff < & Where
B (1+09)e, +(1-0)g,
& =&
_ S PO -g)g + 1L+ 9)s
WEDGE — (2-0)p +02s
ABSORBER . > X £y =&, 9)&o + Y¢a
< p > 0o +(2—-0)é&,
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Compact Range

Monterey, California

Compact range using an offset reflector Point Mugu test range
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Imaging Using ISAR

Inverse synthetic aperture radar (ISAR) is a technigue used to image a target. ISAR
transmits a pulse and obtains the downrange distance (i.e. range to a location on the target)
from the time delay. ISAR uses the target’s Doppler due to rotation to measure the
crossrange. Scattering intensity is plotted for each downrange and crossrange cell. The cells
form a pixel of size Ax by Ay in an image.
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Time Domain Ranging

AY2011

A single pulse is transmitted

The scattered signal is plotted vs. time

Large returns correspond to large scattering sources on the target

The downrange distance is found from a measurement of the round trip time delay Tg.

CTg

For monostatic RCS R = —

RCS

Time
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ISAR Crossrange Formulas

RESOLUTION
cr CELL
2
RADAR Ro0B
<4— Ro
TARGET
—>
' v
PLANE >
WAVE ,
—» TARGET
CENTER OF
ROTATION

AY2011

Range to a pixel:

r? = Rg +d? —2R,d cos(z —¢)
2d cos(¢)

R=R, \/1+
0
~R,+dcos(g¢) R,>>d
Scattered field is of the form:

E,(t) ~ cos(awt — 2kR, — 2kd cos ¢)

Doppler shift:

fq _ii( 2kR, —2kd cos ¢)
o
Oy
= dsing =
A ? A -y

: 2V,
or simply use f =
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Measuring Reflections From Materials

A free space arch (“NRL arch”) measures the reflection from material samples

Rx
Tx Support

Arch
\\ Material

/ Sample

Absorbing
Floor
Surface

™

Waveguide simulators measure reflections from inserts (*coupons™)

x WAVEGUIDE

WALL VATERIAL SAMPLE TElO mode is the sum of two plane waves

‘ : / Incident at angle &
g 4 E,=E cos( ) —p2
a
- Z :ZEO(e(ﬂX/a—,BZ)+e(—7rx/a—ﬂz))

6’:tan‘1(7z/,8a)

AY2011 15



Naval Postgraduate School Department of Electrical & Computer Engineering Monterey, California

Maintenance, Testing & Validation

Special maintenance and test procedures must be used because of the unique materials and
fabrication techniques used with LO platforms.

A diagnostic system is required to:

e In the field to determine when maintenance is needed

e Provide a “quick look” before missions

o VVerify the integrity of repairs (either minor repairs in the field or major repairs at the
depot)

For localized repairs, “mini-arches” are used to test the reflection and transmission
characteristics of materials.

Diagnostic imaging radar (DIR) is used to test the integrity of LO targets in the field and
at a repair depot.

When used in the field the system must be transportable, easy to set up and operate, and
accurate enough to detect flaws.

AY2011 16
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Diagnostic Imaging Radar (1)
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RADAR
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85 FT TRACK —

(Courtesy of Lockheed)
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Diagnostic Imaging Radar (2)

Monterey, California
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System revolutionizes stealth maintenance

Ly Py Bourgoine
F-1174 CIFR Program Manager

he F-1174 System Frogram

I Office here reeently deliveraed

o aysiem which has revobgtion-

ized maintenance on Lthe FopITA
Mighthawk stealth fighter. The F-
117A diagnostie imaging radar, or
DIR, system provides the 49th Fght.

2y Wing maintainers: ot Hollowman
AFEB, N M., with the eapability by test
and verify the gquality of stgalth
maintenane: repairs on the airepaft.

This allows near-real time feed-
back 10 pepaive Lppael the vodae
cross-section of the aireraft, DI is
able (0 jdentify within gix inches the
arcas on the P-117A requiriag
stealth pepairs.

Wetare fhe fielding of the FoLLTA
MR system, mainlenance teghni
clans Qi mot have the 1o0ls bo gesess
how repairs impacted the stealthi-
ness of the alreraft. Previously, the
mainlaipers cawld ool deterpineg
whera repairs were required witlout
the inpul from highly skilled engi-
neers and costly, lime-consyming
flight tést. The average maintepgnee
teehniezian using DLE can pow
aceomplish the same task with more
confidepre and precision in eight
hoursz.

Al Fassa pholn

The F-117A diagnostic Imaglng radar
aplenns posikionar wdergaes teeting et
Air Force Plant 42, Palmdale, Calif.

The DIR sysiem consists of a
grountd-bazed MK V radar, a radar
andenna rail svsiem, computer wark
stations, a deplovable shelter for (he
svstem operainrs amd airerait sop-
port equipment. The ME W radar is
newly developed, aceurate, high-
speed radat gvshom wsed Tor a
wartime mizsion. The information
tiee radar gathers is processed an a
warkstation using colleeted radar
thala al selected Mrequencics,

The ME ¥ tadar, with the antenna
rail, simulates the radar threal the
m-1174 would Tace, The trans
portable enclosure is formed from

o ainiemanee shetets commonty
wsed in Department of Pelense. The
pperalor can cool of heat the work-
place wheraver it is locatod,

When the system b8 saparaled for
shipment, the shellers are used (o
transport the radar and antenna
rail. The pallet system developed
for the IR shelters allow Lhe shel-
ters to be carried on cargo aircraft
without psing the old $63L airerafl
pallets. Thiz 2aves the mainlainer
several hours preparing for deploy-
ment, This modification can be easi
Iv installed on any similar military
shelter.

This svstem represents the elforts
of six governmenl and five contrac
tor agencies. System Planming Cor-
pocation, Ackinglon, Wi, provided
the radar subsystem and Uhe Massa-
ehusetis Instinte of Technology's
Lincoln Laboratories developed
dala analysis seftware, The common
prilitary ehalter was modified by
JAYCOR, Albugueraus, N and
Lockhaed Martin Skunk Waorks,
ralmdale, Calif., did gireraft sup-
port eguipment apd integration sup
port, Blocteonic Syitophs Ceonlec al
Hanscom AFH, Mass., developed an
integrated pireraft pallet system for
the shelter.
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Diagnostic Imaging Radar (1)

Monterey, California
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F-15 Image Using XPATCH (1)

Max. Bounces =15

File TargetRendering Image Display Colormap Display Help
Open File: Mhomefemag2/ppham/fl5az0b_wv.mei
|

Number of Facets: 10492 |
o EI’OfFiCe__ —-247 .70 —-125.70 118.22
Unit of Length: inch

Percent Target Transparency

Mumber Bounces —

dB 5teps 3 |
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F-15 Image Using XPATCH (2)

Max. Bounces =30

File Target Rendering Image Display Colormap Display Help

Open File: /home/emag2/ppham/fl5az0e_v.mei

118.22 240.23 362.23
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