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NOTICES
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FOREWORD

This Air Force report is based on actual radar cross section mea-
surements made at the Radar Target Scatter Division (RAT SCAT) of the
6585th Test Group. RAT SCAT is located on the Alkali Flats, Holloman

Air Force Base, New Mexico. This Facility is operated and maintained

by Dynalectron Corporation, Land-Air Division under AF Contract F29601-
73-C-0133, and is unoa'r the specific direction of the 6585th Test Group.
The AF Project Officer is Lt Colonel Carroll R. Griffin.

Correspondence pertaining to this report should be addressed to the
attention of the 6585th Test Group (RX).

This technical report has been reviewed and is approved.

CARROLL R. GRIf IN, Lt Colonel, USAF

Chief, Radar Target Scatter Division
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ABSTRACT

Radar signature data were acquired from BQM-34A and BQM-34F remotely
piloted vehicles at the U.S. Air Forc(. Special Weapon Center's Radar Target
Scatter Division (RAT SCAT), 6585th Test Group, Holloman AFB, New Mexico.
Monostatic measurements of the components of the target scattering matrix,
monostatic and 30 degree bistatic measurements of target glint, as well as
10 and 20 degree bistatic measurements of target cross section were per-
formed using vertical and horizontal antenna polarizations. Data were ob-
tained from both the principal and crossed polarized components of the
target return. Sixteen orientations of each vehicle were measured at
a frequency of SSOO M1tz.

This report is published in three parts, each of whicih presents data
acquired from both BQ'i-34 vehicles. Part a is limited to monostatic radar
cross section and glint data. Part b presents radar cross section data
acquired at bistatic angles of 10 and 20 degrees. Radar cross section and

glint data acauf red at a bistatic angle of 30 degrees are contained in
Part c.
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SECTION I
fl INTRODUCTION

This report documents radar cross section, phase and glint measure-
ments of BQ4f-34A and BQM-34F target drones performed at the U. S. Air
Force Radar Target Scatter Division (RAT SCAT), 6585th Test Group,
Hlolloman Air Force Base, New Nlexico. Monostatic, 10 degree bistatic, 20

degree bistatic, and 30 degree bistatic radar cross section data were

acquired at a frequency of 5500 M z using horizontal, vertical, and cross
polarization. Monostatic and 30 degree bistatic t.rget glint data were

[] acquired concurrently with the cross section measurements. Phase data
were obtained at the three measurement system polarizations for the
monostatic case only.

L Measurements were performed at vehicle roll angles of 0, 30, 60 and
90 degrees at vehicle pitch angles of 0, 10, 20 and 30 degrees providing
a total of sixteen orientations for each target vehicle. MeasurementsIof the BQII-34F target were performed with the vehicle in an inverted
position. Consequently, all aspect referenced data for that target are
the mirror images of those which would have been obtained had the vehicle
not been inverted. Ileasurements of the BQN-34A target were performed
with the target in the normal, non-inverted position.

II This report is published in three parts, each of which contains
data acquired from both the DQ.1-34A and BQI-34F vehicles. Monostatic
data are presented in Part a, ten and twenty degree bistatic data are
presented in Part b and thirty degree bistatic data are presented in
Part c.

A description of the measurement conditions as well as reproductions
of the data acquired are presented in Section II of this document. The
target drone measurement programs were requested by the U.S. Army Itissile
Coimnd (A1,S',1I-1RER), Redstone Arsenal, Alabama.

H
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SECTION II
TEST CONDITIONS AND RESULTS

The BQM-34A and BQM1-34F remotely piloted target drones are manu-
factured by the Teledyne Ryan Aeronautical Company, San Diego, California

and are designed for subsonic and supersonic flight capabilities respect-

I] ively. The BQM-34A vehicle, tail number 8356, was furnished by the Tar-
get Drone Division, 6585th Test Group at Holloman Air Force Base. The
BQM-34F vehicle, tail number 07770, was shipped to RAT SCAT from the Ryan
facility and assembled on site under the manufacturers cognizance. Both

Id vehicles were measured in the clean configuration without accessory aing
tip pods or external fuel tanks. The forward fiberglass cowling of the
]BQ-34A vehicle was painted to provide a conductive metallic finish and

Li RAM was installed in the forward bulkhead area, behind the nose radome.
The BQM-34F target drone has an approximate length of 29 feet with a wing-

span of 9.7 feet. Approximate length and wingspan of the BQM-434A target

drone are 22 feet and 13 feet respectively. Figures 1A and lB show the

BQX-34A aud BOM-34F vehicles mounted for data acquisition at the RAT SCAT
facility. Figures 2A and 2B illustrate the modifications to the BQM-34A.

The zero degree pitch, zero degree roll reference for both targets
was defined as being the wings level, longitudinal water line horizontal,
vehicle orientation. Positive pitch angles reflect a nose up flight
attitude and postive roll angles are equivalent to clockwise rotation

when viewed from aft of the vehicle. Due to the inverted mounting of theLI BQM-34F target, aspect angle annotations for that vehicle deviate from
the normal RAT SCAT standards. The left beam-on aspect corresponds to
an angle of 90 degrees and the right beam-on aspect corresponds to an
angle of 270 degrees. Angular annotations for the left beam-on and right

beam-on aspects of the BQ'-34A target remain 270 and 90 degrees respectively.
Annotations of 0 and 180 degrees correspond to the nose-on and tail-on

L I aspects of both vehicles. Target rotation was in the clockwise sense
with data origin at 180 degrees of targeL aspecL.

ii The test vehicles were mounted on two styrofoam columns to pro-

vide an approximate fourteen foot target height at the vicinity of the
vehicle C. G. The measurement system antenna heights were selected in ac-
cordance with ground plane range geometry to minimize RF field intensity
taper in the vertical plane. A measurement range of 2458 feet was used.
The 5500 Miz measurement system was operated at a nominal output power

,i level of 1 KW at a PRF of 1 K1z. The transmitted pulse width was

on the order of 0.2 microseconds and the range gate width used
was 0.1 microseconds. The radar cross section measurement system was

calibrated using the broadside specular value of a 5.5 inch diameter, 18
inch long cylinder. Bistatic calibrations were effected by scaling of the
specular value ia proportion to the cosine of the bistatic half angle.

2
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Glint characteristics of the BQlt-34A and D0O-3/W vehicles were measured
using a pair of three 'oot diameter parabnlic antennas on a horizontal

baseline of 44.6 inches. The resultinv angular aperture was eauivalent
to 1.5 milllradians or 0.087 degrees. Baseline Whnse difference data
were acouired usinc' constant-phase limiting amplifierq in conlunction

with a phase trackfnn servo system at Lhe 60 filz intermediate frequency.
The one wavelen-th of phase difference system ambiguitv w;as enuivalent
to a cross range aperture in the target zone of 118.4 feet at the mea-

suremen t. frequency and tareet ranee used. The corresnonding angular

deviation from the boresig'ht axis was +24 milliradians. The boresight
Uaxis reference calibration for glint data acquisition employed a 26.6 inch

diameter precision sphere located at the center of target rotation.

[1 Target relative phase data were obtained from the phase difference
between the reo¢ived signal from the inboard baseline antenna and tne
60 MHz measurement system reference frequency. The local oscillator

was phase locked with the system reference to eliminate the phase noise

resulting from non-coherent RF to IF translation. Examples of phase
data acquired from tUe BQ1-34F target drone are presented in rectilinear

plot format in Figures 3 and 4. The ordinates are anotated in terms of

degrees of pliase for modulo 27r and for modulo 407r analog data respec-
tively. The abscissas are annotated in degrees of target aspect in both
cases. Phase system stability, as indicated by the modulo 27r data, was

on the order of 10 degrees. The modulo 407r data indicate the presence of
multiple ambiguities in the modulo 27r data even at the minimum RAT SCAT
target rotation rate of.025 rpm. Phase data acquired from the target

LI vehicles were recorled on digital magnetic tape at target aspect intervals
of 0.01 degree and are representative of the modulo 27r output of the

H phase tracking servo system. The phase data were referenced to a value

of 180 degrees at the tail-on aspect of the target vehicles.

Cumulative probability of frontal cross section and mean frontal

cross section were comnuted from the monostatic data acquired at the
0 degree pitch, 3 degree roll orientations of the BQN-34A and BQM-34F

vehicles. Thp data are based on the 30 degree interval about the nose-on
aspect and presented in Figures 5 through 10. Mean cross section data
were computed over 1 degree aspect intervals at 0.1 degree increments.

"lonoqtatic and bistatir median cross section as a function of target

aspect are presented in Figures 11 through 18 for the 0 degree, 10 de-
gree, 20 legree and 30 degree hvistatic angles respectively. The medianH values vere computed over 10 degree aspect intervals at I degree incre-
ments and based on data acquired from the 0 degree roll, 0 degree pitch

orientations of both target vehicles.

I I
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Figures 19 tarougi 24 present glint data in tile form of probability
dcnsity and culiulat.Le proiability distribution3 Computed for the BQM,-34A

j| and BQ'I-34F veaiicles over the 30 degree frontal aspect zone. The ab-
scissas of tie probability density and cumulative probability curves
are annotated in terns of the apparent cross range displacement, in f-et,
eitner left or right of the center of target rotation; the ordinates
are annotated in percent and percentile respectively. Both curves re-

present estimations of the appropriate coatinauous functions based on the

I| phase difference data acqutrod within the specified aspect zone.

The density distribution functions indicate the probability of a
given offjet, or anpular tracking error, occuring within the data base
aspect zone. The cumulative probauility functions are the integrals of
the corresponding proba!IlLty density functions and indicate the proba-

Sbility of the error due to tar.et g-lint being less than or equal to a
specified value. The probability of the glint error occurring between
any two specif&., Limits can le estimated by differencing the cumulative
probalilitv ,rcL.tiles at the limit points.

The data of rigure 25 indicate the median measurement background
levels obt1aine. during monostatic data acquisition as a function of tar-
get ispect. TLe ,measurement backgrounds are typical of those observed
throughout the rieasurement progra:.. ledian values were computed for 10
degree aspect intervals at 1 degree aspect increments.

rle rectilinear siguatu. lata plots included in tiils report re-
pre-set th1e radar cross section and glint characteristics of the BQ'--34A
and 13Q!1-3/i" vaiicics as a function of target aspect. Glint data is
plotted wi Lb respect to degrees of relative phase difference with tile
center of Laroet rotation, or boresight axis. eauivalent to 180 degrees.
The apparent ] inear cross range displacement and angular boresight
deviation qmale factors are approximately 3.0 degrees per foot and 0.33
milliradians per degree respectively. Table I is a data plot index
which correl af 1at1 trro.. ,ml',r to tar,-,et velicle, antenna polarization:
vehicle orientation, and hiqtatic angle. The monostatic and 33 degree
bistatic cro-,s section data are annotated with an A after the run
number; the corresponding glint data are annotated with a G. Rec-
tilLnear plot form-it phae data were deemed to have minimal analytical
value at the phastn rates obscrved and conseouently +ere deleted as a
data item.

All data acquired from measurements of the BQ'I-34A and BQ'!-34F
vehicles are avallale on BCI) card image difital magnetic tape. Mono-
static data are recorded in RAT SCAT Format :N at aspect increments of
1.01 degrees and represent the RCS amplitude and target glint (degrees
of piase .l1ference) or RCS amplitude and target relative phase (degrees)
as applicable. 'Ieaurements of radar cross section amplitude at bistatic

I4
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angles of 10 and 20 degrees sre recorded in Format L at aspect incrementa
of 0.1 degree. The 30 degree bistatic data representative of RCS ampli-
tude and target glint are also recorded at aspect increments of 0.1 de-
gree but in Format N. A description of the formats used in conjunction
with RAT SCAT digital magnetic tapes is provided in Appendix C. An in-
dex of the available digital data is provided in Appendix D.
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Figure 2A. Area of Conductive Finish Application. BO'1-14A

Figure 2B3. A4-.75 Absorber Location, BQM1-34A
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Figure 4a. Modulo 407r Relative Phase, VV Polarization, 5500 T.Iz11 BQM-34F Target Drone, 0* Roll, 00 Pitch

II'T

[IFigure 4c. Mlodulo 407r Relative Phase, II Polarization, 5500 M Iz

BQN-34F Target Lrone, 0* Roll, 0* Pitch
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APPENDIX AUSITE INTRODUCTION

1. GENERAL

RAT SCAT is a static ground plane radar cross section measure-
ment site, located on Alkali Flats near Holloman Air Force Base, New
Mexico. It is authorized by the DOD for use by governmental agencies.
It is under the auspices of the 6585th Test Group, Air Force Special
Weapons Center, Kirtland Air Force Base, New Mexico.

A ground plane range utilizes radar energy reflected from the

earth as well as radar energy traveling directly to the target through
the atmosphere. When the antennas and target are adjusted to proper

k. heights, coherent phase addition of these electromagnetic waves into
a flat wave front, enhances the system sensitivity. Radar returns from
objects near the earth's surface are reduced thus suppressing target
area interference. Target area interference is reduced further through
the use of special polyfoam support columns, radar absorptive materials

(RAM), and rotators located below the earth's surface (in pits).

Pulsed transmitters are emp'Loyed to enable utilization of the range
gated receiving system, which car, selectively measure radar returns
from the target area or the range displaced transfer standard. Back-
ground interference outside the target range is eliminated by range
gating. Operation without background cancellation is therefore practical.

L
2. CAPABILITIES

The RAT SCAT electronic equipment and controls are housed in a
permanent building. Three separate range lengths (458 feet, 1158 feet,
and 2458 feet) are provided for range variation as shown in Figure A-1.
This allows the use of convenient antenna and target heights while sat-
isfying the far field criterion for most targets. (Special 40-foot an-
tenna towers are attached to the building for antenna height positioning.)
Further versatility is provided by two mobile equipment vans, one for
monostatic range length variation and one for bistatic measurements.
A duplicate set of control and data consoles in the main building enables
simultaneous operation of any two of the three ranges. A summa.ry of
the RAT SCAT characteristics is contained in Table A-1.

3. CALIBRATION

The normal method of calibration at RAT SCAT is to mount a pri-
mary standard (precision sphere) scatterer with a known radar cross
section and record the corresponding signal level. Then the return
from another secondary standard (corner or Luneberg lens) scatterer

A-I
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U TABLE A -I

HRAT SCAT CHARACTERISTICS OF ELECTRONIC EQUIPMENT

Power Output I KW nominal bands 1 through 8, 25 KW
nominal Ku, Ka bands

Pulse Width 0.1 to 1. 0 microsecond
Pulse Repetition Frequency 500 to 5000 pps

Ll No. of Receiving Systems Two per band, (one monostatic and one
bistatic)

Receiver Minimum Detectable -94 dbm nominal
Signal

Receiver Bandwidth Z or 10 Mhz (selectable)
Range Gate Width 0. 1 to 1. 0 microsecond (50 to 500 feet)
Dynamic Range 70 db
Linearity +0.5 db
Equipment Stability 0. 1 db/hour (Average)
Analog Data Format Polar and rectangular plots of cross

section, glint and phase vs
aspect angle

Digital Data Format 7 or 9 track magnetic (see Appendix C)
Antennas 1, 2, 3, 4, 6, 10, and 16 foot parabolic

dishes (smaller and larger
dishes available for special
tests)

Antenna Feeds Linear and circular horns vith VSWR less
than2. 0 to 1.0

Polarization Horizontal, vertical, circular, elliptical
in any transmitting and
receiving configuration.

Background Level As low as -80 dbsm (frequency dependent)
Background Reduction Tuned columns and vector subtraction by

using phase and amplitude
measurements to reduce back-
ground by 20 dbI Phase Measurement Unique RAT SCAT capability for vector sub-
traction or scattering matrix
applications

Azimuth Resolution 0. 1 or 0. 01 degree as applicable
Maximum Target Weight 40, 000 pounds
Target Size Greater than 60-foot length
Bistatic Capability Primary ranges of 458 , 1158 , and 2458

feet for 0 to 160 degree
bistatic angle

Frequency Coverage 100 to 18, 000 MHz continuous, Ku, Ka
bands and 95 GHz

A-3
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Band 1 - 100 to 250 MHz
Band 2 - 250 to 500 MHz
Band 3 - 500 to 1000 MHz
Band 4 - 1000 to 2000 MHz
Band 5 - 2000 to 4000 MHz
Band 6 - 4000 to 8000 MHz
Band 7 - 8000 to 12, 000 MHz
Band 8 - 12, 000 to 16, 000 MHz

Ku, Ka bands;
95 GHz

Range Length 300 feet minimum

Building/Pit 1 - 458 ft
Building/Pit 2 - 1158 ft[Building/Pit 3 - 2458 ft
Monostatic Van/Pits 1, 2, or 3 - variable range length

LiJ

B
U

~A- 4
UNCLASSIFIED

Li



UNCLASSIFIED

displaced in range is recorded as a transfer standard. Both the pre-
cision standard return and the transfer standard return are recorded
on the same plot. Thereafter, radar cross section calibration is de-
ternined by referencing the transfer standard return for every run.
Thus every run is recalibrated. The comparisons of primary and trans-
fer standards accomplished before and after each measurement series
are identified respectively as calibration and post-calibration. If the
direct ratio of primary to secondary readings is not maintained before
and after the measurement series,. then all runs between are invalid and
must be repeated.

UThe calibration reference level marked on each data plot is related
to the transfer standard level. This reference level may under controlled
conditions differ from the actual transfer standard signal level since
precision calibrated attenuation is sometimes inserted in the receiver
line. When such attenuation is inserted, returns from the transfer standard
are reduced to a level compatible with the scale used for the target

measurements. The 70 db dynamic range of the plot is placed to include
the range of returns expected from the vehicle being measured. In some
cases two runs are necessary to be plotted for direct overlay to include
the dynamic range of the vehicle if it exceeds 70 db. Calibration plots
are included with the target data when requested by the user.

The sphere calibration plots will not necessarily be straight lines.
If the background return is within 20 db of the sphere return, for ex-
ample, a variation in sphere return of approximately ±Idb can result.LIl For calibration the sphere is intentionally placed at least 1/Z wavelength
off the center of table rotation to insure sufficient phasing with the back-
ground return. The average sphere return is then chosen for a cali-

[I bration level. This avoids the peak errors involved with coherent addition
of sphere return and background return and allows the minimum errors
involved with non-coherent addition of the returns. This is indicated

H in Figure A-Z.I

4. OPERATING PROCEDURES

[1 The following step-by-step procedure is standard in obtaining mono-
static radar cross secton measurements after frequency, feeds, an-
tennas, antenna height, target height, and pit (range length) have been

chosen:

I. Calibration - As described in previous section.

2. Horizontal and vertical probes (field strength measurements atjj the target area) - Horizontal probes at the target area have been shown
to be redundant for azimuthal boresighting. For this reason, these
probes are taken only upon request for examination of near ficld effects.

£1 A-5
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MAXIM POSSIBLE ERROR - Decibels
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Vertical probes are taken at the target area to determine power variation
*as a function of target height. If necessary, antenna height is varied to

obtain an acceptable vertical probe which then necessitates a new cali-
bration.

U3. Background - The background level with the target mount in
place is measured in each polarization to be used.

4. Measurement - The measurement is made with the vehicle in
the position previously occupied by the primary standard.

I 5. Calibration - The primary calibration is repeated to verify
calibration (post calibration).

U

U
U

U
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APPENDIX B

TARGET ORIENTATION AND DATA FORMAT

1. COORDINATE SYSTEM

The coordinate system described herein has been adopted as a
standard for RAT SCAT operations. The system is referenced both to

the vehicle being measured and to the measurement site.

a. Vehicle Reference

A three-axis system, referenced to an arbitrary vehicle, is illus-
trate,' in Figure B-1. In this system three mutually perpendicular
planes (yaw, pitch, and roll) are passed through the vehicle so that the
pitch and yaw planes mutuaily intersect on the longitudinal axis of the
vehicle. These planes remain fixed with respect to the vehicle, regard-
less of vehicle rotation with respect to the radar or ground plane. The
yaw plane, which includes the pitch axis and the roll axis, is numbered
from 0 degrees to 360 degrees in a clockwise direction when tl' vehicle
is viewed from the above. The nose-on aspect c( rresponds to 0 degrees,
the starboard side of the vehicle corresponds to 90 degrees, and the
port side to 270 degrees. The pitch plane, which contains the roll axis
and the yaw axis is numbered from 0 degrees to ± 180 degrees; the + 90
degree point is below the center line, and the - 90 degree point is above

the center line. The roll plane contains the yaw axis and the pitch axis.
It is numbered from 0 degrees to 360 degrees, and the numbers increase
in a counterclockwise direction when the vehicle is viewed from the re- r.

b. Site Reference

As previously stated the coordinate system is fixed with respect to
the vehicle. It is referenced to the site by means of three index marls.
The exact value of any of the three angles is determined by noting th.
value of the vehiCle Lo.ulidinaLe opposite the index marks. Index marks

come from such devices as bubble levels, inclinometers and transits.

As illustrated in Figure B-2, the index for roll angles is norm~al to
the axis of rotation. As illustrated in Figure B-3, the index for pitch
angles is normal to the axis of rotation and in line with the apparent
source of radiation. For measurements at the RAT SCAT Site, targets
can b-a mounted to provide desired pitch and roll angles.

c. Coordinate System Tilt

For small targets another angle, tilt, can be utilized in recording
useful data. This angle, equipment-limited to less than 15 degrees, is
formed by the axis of rotation and the normal to the line of sight to the

fL-II UNCLASSIFIED
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YAW
AXAS

AXfIS

YAW PLANE ROLL PLANE PITCH PLANE
2 I 900 IOO

1800 2700 +90

TOP VIEW REAR VIEW SIDE VIEW

U Figure B-I VEHICLE COORDINATE SYSTEM
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"O ROTATOR

270"

NOTE: The roll scale is fixed to the vehicle.
I The amount of roll is determined by

..... ...... the ....e o opposite
the index. Clockwise rotation of
the target (when viewed from the rear)
increases the roll angle.

Figure B-2 TARGET ORIENTATION - ROLL
B-3
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t i

To SOURCE OF
RADIATION

ROTATOR

i
L I

H JNOTE: The pitch scale is fixed to the vehicle.
The number of degrees of pitch is determined

H by noting the scale value opposite the index.

[1

U Figure B-3 TARGET ORIENTATION - PITCH

H B-4
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apparent source of radiation. Since, in a ground plane range, radia-
tion can be considered to emanate from a point with zero height directly

II beneath the antennas, a zero-degree tilted axis of rotation is slightly

off the geometrical vertical. This small deviation from the geometrical
vertical is neglected in the following discussions.

A target mounted with a pitch angle other than zero displaces the
yaw axis from the vertical, but not the axis of rotation. The axis of
rotation ib displaced from the vertical only when non-zero tilt is em-
ployed. Tilting toward the radar is considered positive tilt and away
from the radar is negative tilt. For monostatic measurements tilt will
be measured in the vertical plane containing the line of sight between
the radar and the target. The difference between pitch and tilt is shown
in Figure B-4.V
2. DATA FORMAT

Data recorders obtain azimuth angle information by means of pre-
cision synchro signals from the position of the rotating table. The
line of sight from the antennas to the center of the rotator, as illus-
trated in Figure B-5, indexes azimuth angles. As used here the term
azimuth refers to the position of the target rotator table. With zero
degrees of pitch and roll, azimuth and yaw are identical. It is standard
practice to turn the rotator in a clockwise (cw) direction as viewed from
above. Consequently, the azimuth angle varies, for example from 180
degrees (tail-on) to 90 degrees (starboard-side) to 0 degrees (nose-on)
to 270 degrees (port-side).

a. Polar and Rectilinear Plots

Essential information pertinent to each plot is contained in the in-
formation block located in the upper right hand corner of the recti-

H linear plots and in the second quadrant of the polar plots. Each recti-
linear plot has the recording of the return from the left side of the
vehicle on the left side of the plot, 0 degrees at the center, and the re-
cording of the return from the right side of the vehicle on the right
side of the plot; 180 degrees (tail-on) appears at the right and left ex-
tremeties of the plot, as shown in Figure 13-6. Since the paper moves
from left to right under the recorder pen, it should be noted that mea-
surements are limited at 180 degrees in order to obtain continuous mea-
surements on the recorder paper. The table on the polar recorder is
rotated in the same directions as the target so the 90-degree point ap-
pears on the right side of the polar plot, the 270 degree point on the
left, and the zero or 300 degree point at the top of the plot.

B-5
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{ AZIMUTH AXIS
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doINDEX
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RLADIATIONq

I NOTE: The azimuth scale is fixed to the target
rotator. The azimuth value is determined
by noting the value of the scale opposite

Hf the index mark as the rotator and scale
revolve. The index is the line-of-sight
from the radar antennas to the center of
the rotator. (Azimuth angle data are trans-
mitted to the data recorders by means of
syuchro signals.) The standard direction
of rotation will be clockwise.

Figure B-5 TARGET ORIENTATION - AZIMUTH
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APPENDIX C

UDIGITAL DATA FORMATS L, M, AND N

RAT SCAT has the capability of supplying several types and for-
mats of digital data. Edited magnetic tape formats L, M, and N as
described herein are normally furnished to the user requesting digital
data.

Li This appendix is not intended as a format specification, nor is it

meant to restrict the data formats available to only those listed. ItU is intended solely as a guide for reference purposes.

The three formats are similar except for the presence or absenceUof a second dependent variable which is either phase or bistatic RCS

amplitude.

Format Type Data

L Azimuth and Monostatic RCS

M Azimuth, Monostatic RCS and Bistatic RCS

N Azimuth, Monostatic RCS and Phase (or Glint)

Tapes are written in seven channels BCD card image. Each re-
cord contains 80 BCD characters. Azimuth is written in degrees, RCS
in dBsm, and phase in degrees. All values contain signs and decimal
points. The edited tapes are available in 200, 556, and 800 bits per
inch recording densities.

Each tape may contain 40 runs (360 degrees of azimuth samplesUper run) or more depending on format, density-, and user specifications.
Each run is ended with an end of file mark (EoF). Each tape is ended

fl with a double EoF.

The number of 80 character records per run depends on the azimuth
increment, whether filler data is involved and the format used. The
first record in each data run is a header constructed as follows:

Character Information Exan ,e Format

1-4 Control Number 7307 A4

ii 5-8 Blank

9-12 Run Number 0015 A4

13-16 Blank

11 .C-.



LICharacter Info rmation Exam ple Format

17-20 Conversion Number* -600 A4

ii 21-24 Blank

U 25-28 Bistatic Conversion* -600 A4

29-32 Blank

H 33-80 Alphanumeric identification RAT SCAT EDITEDA48
TAPE

IJI *RAT SCAT Use Only.

The data records contain four or six samples of data depending
on format. The makeup of a sample for a format N tape is as follows:

UValue Fo rmat.Eajl

Azimuth (degrees) F7.2 +272.20

RCS (d-sm) F5. 1 -25.5

Phase (degrees) FS.0 +179.

Flag A-I

The third item, phase, would be replaced by bistatic RCS for format
M (F5. 1) and would be absent for format L. The meaning of the fla
is: Blank = good data, I = interpolated data, B. band data, H = hand
edited data, and F = filler data. Data with a filler flag should be

Hj ignored.

Data records can be read with Fortran formats as follows:

IiFormat Read Statement Format

H L Format (2(3(F7.2, F5.1, Al), X))

M Format(4(F7. Z, F5.1, Al, FS.l, AI,X))

N Format (4(F7. 2, F5.1, Al, F5.0, Al, X))

jj The azimuth angle in the first sample of a run is usually 180.00

degrees. The value decreases until 0.00 degrees is reached and there-

after goes from 359.9 degrees (for 0. 1 degree increments) to 180.0
ii degrees.

C-2



Typical magnetic tape character co(lis are shown in Figure C- I
and th.physical characteristic of a typical format, including EOF gaps,
etc. is shovmn in Figure C-2.

LC

[LJ

i

I[]

[1

H



II R ups

Track Identification

CHARACTER 1 2 4 8 A B C (parity)

Ii --"i i I-

4 X X

6 x x

5 x X

6 X X

7 X X X

- - - - --
9 X X

Space (Blank) X X

Plus x x

Minus X X

E. .. F. 1: 1111111
Dec. Point x X X X X X

-- ----9x x x

PluF X X X X

BE.. X x X

H Xx x x x

ii Figure C-I Magnetic Tape Character Codes

iC
C-4
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3 3/4 to 6 inch leaderr LI Header (First record on tape)

16 LRCC (longitudinal redundance check character)

3/4 inch end of record gap (EOR)\ \ \ _irst record of irst run on tape
LRCC

L-,-.. last record of first un

LRCC -"'?..,, ,, , \
-IF

3-3/4 inch end of file spacemm.m\

EF end of file recorded character

'J{J 3/4 inch EOR ,,.
Header for second run

LBOT marker

[ // Last record of last run on tape

LRCC

Forat LManA
3/4" ~l~ -5 -34"EP-
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