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This document provides the potential user of the Radio Frequency
Simulation System with a summary v! the capabilities of the Radio Fre-
quency Simulation System for essessing the facility's suftability to
his specific program and introduces him to the Army's Alvanced Simulation
Center, A more detailed discussion of the design and capabilities of
the Radio Frequency Simulation System 18 provided in the Radio Frequency
Simulatior System Design Handbock, D243-10094-1, Revisfon A, 10 March
197¢. The operational policies of the Radio Frequency Simulation System
and a descriptfion of how a typical program is implemented by the com-
bined Radio Frequency Simulatiun System and user team are provided in

\ the Radio Frequency Sinulation System User Orientation and Operation
‘ Summary .
}
I
i

The US Army's Advanced Simulation Center consists of a centrally

located, modern, hybrid computer complex surrvounded peripherally by

i three environmental physical effects simulators. The Intrared, Electro-

; optical, and Radic Frequency Simulation Systems are capable of spectral

! bandwidths and physical motions required for i{he evaluation of a wide
variety of guidance systems and components. Under central computer
control the physical efjects simulators (both opea- and closed-loop) ]
provide real-time simulation capabllity, thus permitting precise uand

repestable measurements of guidance system performsnce characteristics
in nondestructive tocte

The infraved simulation system is a simulation tool for the design,
development, and evaluation of infrared sensor systems applicable to
surface-tv-air, air-to-air, and alr-to-surtace missiles. Sensors in
the 0.2- to 0.4- and 1.0- to 5,04.m bands are hybrid computer controlled
in six degrees-vi-freedom during the targeiL epgagenent sequence. A
gimballed flight table provides pitch, yaw, and roll movements to the
s scnsor ajirframe. A target geunerator simulates a varlety of target/back-

ground combinations whici includes tailpipes, plumes, flares, and tuse- ) ]
lages in single or multiiple displays against clear, clivied, overcast,
or suniit skvy, These are then displayed ir azimuth, rlevation, rauge,
and aspect by the target projection subsystem through a folded optical
network, # <isplay arm, and s display mirror. Simulation capability

ranges from open-loop compunentl evaluation to closed-ioop total system :
! . simulation. |

AN

} The electrooptical simulation systew provides realistic and pre-
& cisely controlled environments for the nondestruc:ive simulation of

a wide variety cf ultraviolet, visible, and unear infrared sensor systems.
‘ Actual sensors are hybrid computer controlled in six degrees-of-
i {reedom while wviewing targets under controlled illumination levels
i
t
\




(lU-h to 103 foot-candles) in an indoor slmulation chamber, and under
ambient conditions on an ovwtdoor simulation range, Three-dimensional
target. simulation is provided on a 32- X 32-tt terrain/target model/trans-
porter wiich features a variety of topographical and man-made complexcs

&t 600:1 and 300:1 scales, temevable model sections, and f{ixed and

moving targeta at any desirable scale. A moving projection subsystem
provides two-dimensional represcuntation. A gimballed flight table capable
ol simulating pitch, yaw, and roll movements to the sensor aiv{rame

is attached to a transport which moves vertically and laterally. The
terrain/target model cr the two-dimensional projectjon subsystem is moved
toward the flight table to provide the sixth degree-of-freedom, An
adjacent high resolution TV/joystick console and proposed helicopter

crew station provide a mcans of evaluating man-in-the-loop guidance and

target acquisition concepts.
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I.  INTRODUCTION

The Advanced Simulation Center's (ASC) Rad{v Frequency Stewlat fun
System (RFSS) is designed to enhance missile system rescarch, dev: lopment,
and engineering capabilities through cost-eifective simulation of high
performance missiles fn vealistic engagemeots., Realistic engageent
scenarios include the use of janming signals generated by actual jammers
ia the loop, multiple targets, and tie simulatfon of clutter, maltipath,
glint, and scintillation phienomena, Additionally, missfle-target tra-
i Jectorics which exceed the performance of today's ajrcraft can be readily

simulated. The primary application is Lardware-in-the loop (HWIL)

simulation of passive, scmiactive, active, command, bLeam rider, and
track-via-missile (TVM) radar tcrminal-guidance systems for surface-
to-air, ailr-to-air, afr-to-surface, aud surface-to-surfece engagcments,
The ASC is particularly cost-effective in test series involving laige
parametric variations where a laige number of runs is required {n a
i controlled environment. Oneprogram, for example, has accomplished
3000 flight engagements of realistic decceptive jammer cvaluation
egajinst & scwiactive seeker in three weeks of testing.

b,

An equa'ly fmportant application of the ASC is to bridye the gap
between analytical missile simulations and flight test programs. After
partitioning of the missile elements fu a simulation program, the ASC
can be used to evaluate and validate any combination of the analytically
partitioned elemenis with {light hardvere counterparte. Statistical
data cau be obtained and anslyred rapidly to verity the analytical
models and to collect data tuv aigment or optimize flight test proprams,

Simulat ion in the RFSS is accomplished by radiating at opevating
wavelengths to actual secker hardware functioniny in a dynamically
simulated missile-target engagement, Four independent targets can be
generated snd displayed simultancously in the 4- to 12-Gliz range and
two targets in the 12- to 18-Glz range. The targets, controllable in
target signature, range, and angular motion, are nrovided by a computey-
controlled RF generation system and a 534-ciement array ot antennas,
Tarpet signature control includes Doppler, range delay, polarizat fon
diversity, pulsc duration, chirp, etc. Two additional denial electronic
countermeasures (ECM) channels feed 16 ECM array antennas distributed
among the target antennas to display two ECM signals in the ranges
cited previously for simulating stand-of{ jammwers (SOJ) that are slow {
moving with respect to the engagement geometry. ECM signals, generated
by actual jammeis or by the RF geaeration channels, can be dynamically
colocated on the target signal through the use of a separate tarpet
channel to simulate an on-board self-screening or deceptive japmer.

In this sense, the two RF generation E(M channels can also be used to i
simulate broadband, on-board jammers in 8 self-screening mode. Ejectable
and escort screening jammers (ESJ) can be simulated in 8 similar manner 1
with separate dynamle trajectory control.,




The missile-target tiajectory 1s accomplighed through a conbinat {on
of target motion provided by the antenuna ariay and autopilot sud puidance-
scnsor motien provided by the two three-axas votationnl flight stulators,
Acrodynamic loads are simulated using sn acrodynamic loader acting on
the missile elevons, An artist's concept of the RFSS facility and a
tactical sfr-~defense scenario that can be sinulated fn the facility 1w
shovit in Figute 1. The location of the RFSS within the McMoriow Lab-
aratorfes are shown in Flpure 2.

The ASC facilitates the following research, development, and engi-
neering activities:

a) Analytical and HWIL simulation support of missile syatems
throughout thefir life cycle.

1) Evaluate bresdboard and brassboard performance.
2) Evaluate basic designs and desipgn modifications,

}) Establish optinum values for subsystem perf rmance
parageters.

4) Determine missile subsystem periormance bounds.

9) Optimize captive and flight test programs by pre- and post -
flight analysis, uinimize flight test fajilures, and provide evaluslion
for scenarios where flight programs are not fcasible or cost effective,

b) RF sceker hardware sinulation at microwave trequencies to
def{ine and analyze nonlinear processca in sensor havdwarae.

<) Performance euvelope mapping (miss-distence statistics)
against & multiplicity of gscenarios to incruase the leval of
confidence in fieldel missile systemn.

d) Exploitation of acquired and/or fabricated forcign missile
systems.

¢) Conduct EQM and electronic countur countermeasurcs (ECOM)
analyses and vulnerability studies.

i) Explore clutter, myltipath, polarization, glint, and scintill-
ation cffects.

A. ASC General Capabilities and Applications Using the R¥SS

Open- or closed-1lonop simalat{on may be conducted with
various missile hardware elemcnts simulated or with various elemnts of
the HWIL. Closed-loop simulation requires that all elements of the
missile system he included. Xt should be noted that all elements of the
misgile system nced not be preosent in hardware form because they may
be modeled mathematically in analog or digital computers. In open-loop
simulation, the guidance loop is not closed, For example, open-loop
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simulation is performed with the seeker, guidance electronics, autopilot,
or control system independently to characterize and evaluate these ele-
ments. HWIL simulation can vary from only one missile hardware element
in the loop (such as the seeker, guidance electronics, autopilot, or
control system) to multiple missile elements plus actual jammers and
elements of the ground radar. Open- and closed-loop simulations can be
simple or complex depending on the fidelity required for the modeled
element or phenomenon. The primary applications of the RFSS are static
or dynamic open-loop simulation of missile flight hardwar~ or verifica-
tion of software models and closed-loop simulations in which the missile
guidance hardware is tested dynamically with all other elements of the
system.

1. Open-Loop Simulation

Open-loop simulation is used primarily to define or
verify seeker characteristics such as tracker response, automatic gain
control (AGC) characteristics, variable frequency oscillator (VFO) fre-
quency, boresight errors, and noise levels. Open-loop testing is also
used to determine the seeker response to various ECM techniques and to
distributed sources such as clutter and multipath. Autopilot and elevon
actuator performance can also be evaluated economically in an open-loop
configuration. Hardware open-loop simulations provide performance data
for hardware evaluation or information for the development of software
models., The overall simulation capability and efficiency is enhanced
by the availability of both verified hardware and proven software models.

2, Closed-Loop Simulations

The dynamic closed-loop guidance simulation may
be an all-software (analytic) simulation or may incorporate one or more
of the flight hardware items shown in Figure 3. Hardware elements of
a ground radar may also be involved. Flight hardware within the total
closed-loop may be exercised as individual units or in some combination
such as an elevon system with the autopilot or autopilot with the
guidance sensor.

As depicted in Figure 3, closed-loop guidance simulations can be
conducted in the RFSS for all types of radar guidance systems: passive,
semiactive, active, command, beam rider, and TVM. Active and passive
systems involve signal propagation between missile and target. Three
signal paths are involved in semiactive and TVM systems.

For either open-loop evaluation of flight hardware or closed-loop
guidance simulation with HWIL, the RF environment for the flight hard-
ware is physically simulated in the RFSS. The three categories of the
simulated environment are identified in Figure 4 by the three boxes with
the widened lower edge: aerodynamic moments, angular motions, and tie
electromagnetic environment.
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The electromagnetic environment is illustraced ip Figure 4. For
example, propagation path effects inclule range delay, space loss, line-
of-sight rotation, and other atmospheric anomalies. Target radar signa-
tures include glint, scintillation, and Doppler effects.

Figure 5 identifies the RFSS equipment which is used to simulate
the environment for the flight hardware and the type of software required
te represent other elements of a missile/target engagement. As shown
in the hardware section of Figure 5, a Control System Aerodynamic
Loader (CSAL) simulates aerodynamic moments on elevon shafts, and two
three-axis rotational flight simulators (TARFS 1 and Z) simulate missile
rotational motions for the guidance sensor and autopilot gyros, each
mounted separately on individual tsbles. The electromagnetic environment
for the guidance sensor is simulated within a shielded anechoic chamber
by means of an RF signal generation system wihich feeds RF signals to
the target and ECM arrays.

The chamber provides a freec-space environment for the radiation of
signals from the target and ECM arrays to the guidance sensor., Up to
four similtaneous, independent target signals with continuously control-
lable polarization parameters can be radiated from the target array in
the 4- to 12-GHz spectrum and up to two independent target signals in
the 12- to 18-GHz fre juency range. In the 2- to 4-GHz spectrum, four
targets can be generated and displayed by the addition of power amplifiers
in the RF generation subsystem, One or two simultaneous denial ECM
signals can be radiated from the ECM array. Derial ECM signals can be
either vertically, horizontally, or circularly polarized. Twe-dimensiamal
motion of the phase-center of radiation of the target arcay simulates
pitch (Y) and yaw (X) target motion. Downrange (Z) motion of the target
is provided by RF amplitude control.

The RF Signal Generation System initiates signals with the time,
frequency, phase, and amplitude characteristics required to simulate
radar reflections from airborne targets, denial and deception jamming
techniques, and distributed sources. By means of coaxial-cable and wave-
guide paths betwesu the RF Signal Generation System and the guidance
sensor, simulated rcference or uplink signals, and fuzing signals may
be inserted at appropriate pointe in the guidance sensor. The hardwired
paths also provide a route for downlink signals.

The software section of Figure 5 depicts in 2 general manner rthe
software that repre-ents other elements of a missile/target engagement,
Block 1 contains the missile mass, motor, and aerodynamic models. The
outputs of Block 1 are missile aerodynamic force and moment coefficients,
mass, center-of-mass location, moments of inertia, motor thrusts, e"c.
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In Block 2 of Figure 5, missile linear and angular accelerations
are computed; these quantities are integrated to determine missile
linear and angular velocities and positions. These computaticus are
verformed in the missile coordinate system; therefore, s migsile-to-
facility coordinate transformation is required to determine position
and angular rate commands for the TARFS,

From Block 2, missile velocitjies are fed back to Block 1 where
elevon serodynamic-moments coefficients are computed. Hinge moments
are computed in Block 3 to derive torque commands for the CSAL, The
positioas of the elevons are fed back from the elevon servos to Block 1.

Missile kinematics from Block 2 and target kinematics from Block
4 are used to determine missile/target relative kinematics in Block 5.
From repetitive runs of the guldance simulation, end-game statistice
are determined. End-game statistics include miss distance, miss angle,
missile angles-of-attack, closing speeds, relative orientation of missile
and target, etc. End-game statistics are used in fuzing-, warhead-, and
kill-effectiveness studies.

b, RFSS Physical Characteristics

The rooms and equipment in the RFSS facility are identi-
fied in the cut-away and plan views, Figures 6 through 9. In the follow-
ing paragraphs, the rooms gnd equipment witnin each room are briefly

3 - - ... tL_ 13
UTOdILLILLDED -
EQ Rocm

The ECM room is reserved for incorporation of special-
purpnse SCM equipment intoc the simulation. The ECM equipment may be
used in conjunction with open- or closed-loop guidance simulations or
guidance-sensor tests. ignals from the ECM room may be routed by
coaxial cable or waveguide to the target (main) array, the ECM array,
or the electronic subsystems of a missile system being exercised in the
facility,

2. Lower RF Room

The low.-r R¥ rocm contains low-power RF generation
modulation egi..ipment, and the interface equipment between the master
computer located in the control room and the target array and RF genera-
tion equipment. A keyboard printer is also used in conjunction with the
interfgce equipment which contains six minicomputers,
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Figure 8. Plan view, second level.
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Low-power RF signals are used as inputs to high-power RF geirtrstion
equipment located in the upper RF roon, and guidance and fure electronics
of a guidance sensors mounted on TARFS-1, Five indepandent low-power
RF signal channels, four target chaunnels, and a re;orence a. e available
in either C or X bands; two independant low-power RF signal channels
are availlable at Ku-Band at this time.

3. Upper RF Room

The upper RF room containg the high-power C-, X-,
and Ku-band amplificatfon uquipment, and the DENIAL E(M generation
equipment. Four independent high-power amplification channels are
available in C-band, Another two amplification channels cover X-band.
Eachk of two additional channels cover either X or Ku-band. Each of the
two DENIAL ECM generators covers the bands 4 to 8 and 8 to 12 GHrx.
The high-power channels are usually routed to the fwur channels of the
target array; however, they may be routed through either of the two
ECM array channels for some unique simulation test requirements. The
DENJAL ECM signals may be routed to the ECM array, any channel of the
target array, or subsystems of a missile system being tested in the
labgratory.

4. Array Scrvice Area

The array service ares contains the target artay
and ECM array feed system components and control electronics, antenna
mounting fixtures which enable array antennas to be positioned in six
deprees-of-frecdom, and work platforms for service work behind the
array.

5. Microwave Chamber

The shielded anechoic chamber (48- X 48-ft high/wide
X 40-ft long) provides a free-space environment. The target and ECM
antenna arrays are located on the south wall of the chamber. One primary
aperture and two secondary apertures are located on the north wall. The
primary aperture is centered on the logitudinal axis of the chamber.
TARFS-1 is located in the primary aperture. The two secondary apertures are
located above the primary aperture and provide additionsl space for open-loop
sensor evaluat ions.,

The tavget! array consists of 534 antennas located at a fixed
radial distance from the intersectioun of the TARFS-1 gimbal axes.
The conical field-of-view provided by the target airay is approximately
42°, The target array can transmit & maximum of four simultaneous
independent signals and can also receive signals from an active guidance
8ensor.,
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On the target array, the apparent location (phase ceuter) ov radia-
tion of a target is contrvlled by selecting a triad of adjacent antennas
which are to radiate and controlling the relative amplitude and phasc
of the three raudiated signals, The amplitudes and phascs of the signals
determine the phase-center location within the triad, The target arvay
is not & phased array but a matrix array in that target positions are
controlled through phase center motion,

The polarfzation of signales transmitted {rom the tavget atvay {s
contrnllable. Each of the targel srray antennas consists of two ortho-
gonal linearly polarized elements. Rotatable linear, left- and right-
hand circular, or varfations of elliptical polarizations are obtainable
by ths control of the relative amplitude and phasce of the signals
radiated by the two orthogonal élements of each antenna. Pclarization
and phase-center location are independently controllable through attenu-
atores and phase shifters located in the array feed control vack,

- e s Tme Wy Y TevTe T

The ECMArray consists of 16 antennag diatributed amoug the target array
antenuas. Each of two independent ECM signals can be radiated fromone of the
16 EC antennas or the two signals may be applied todiff{erent antennas. The
radiated signal may be horivontally, vertically, oxr circularly polarized.

6. Aperture Rooms

The aperture rooms provide significant capability
for general seeker characterization evaluaticn and related tests when

capability for integrating the sccker with associated mechanical,
electrical, and electronic interfaces and the facility; conducting

i certain open-loop testing against radiating source(s); determining

scelker operational charsacteristics; and establishing required scaling,

recording, and data flow parameters, The aperture rooms can be utilized

for etatic RF tests or for integration and check-out prioc to clouned-

loop simulation in the flight equipment reoom. Typical aperture room con-

[ figuration and interface with the RFSS facility ave shown in Figure 10.

] 7. Flight Equipment Room (FER)

] The FER contains hydromech.inical equipnent (the two
TARFS and the CSAL) and electronic inteifaces. The interface equip-

ment counects or enables connections to be made among the flight
equipment; the TARFS-1, -2 and CSAL control clecctronics; the master
computer; the US Army Missile Rescarch and Development Conmand (M1RADCOM)
Hybrid computer complex; RFSS recordiung equipment; and the PFSS aund the
other ASC cells [the electrooptical simulationsystem (E0SS) and the
infrared simulation system (1RSS)].

PR s e ——
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8. Hydraulic Room

The hydraulic room containa four hydvaulic power
supplica.  Three power supplies sevive the TARES=1, =2, and CSAL.  An
auxiliary hydraulic power system (AUPS) provides power o1 missile flight
hairdware belug exerciscd {n the FER.

9. Control Room

Tla control room contains the master computer,
computer peripherals, the RFSS cuonirol, recording and digplay equipmont,
and the test conductor's console. The master computer has Lwo spare
1/0 chauncls to cenable connections witl the ASC hybiid computer cumplex,

C. Simulation Eramples (Closed-Loop)

Functional diagrams of passive, scemiactive, and active
missile sinulations are shown {n Figures 11, 12, and 13. Actual missile
hardware {8 used for the sccker antenna, plmbals, and clectronics.
Cpacial interfaces arc fabricated to mate (mechanically, hydraulically,
and elcctronically) the missile hardware to the RFSS facility.

The simulat fon is started by the test conductor at the Weapon
System and Simulation control panels. The naster computor gencrates
both the target and missile inicial trajectorics in space coordinates,
The master computer then couverts these space coordinates to RFSS coordi-
nates and fceds the target- and referonce-~sipaal commands to the mas-
ter/min{ interface and the missile commands to the FER ilnterface. Sott-
ware models of the mass, motor, and aerodynamics of the missile are
implemented in the ASC hybrid computers and enable the guidance loop
to be closed via the dircct cell interface with the RFSS facility,

The targets are encrgized and the missile seeker {s enabled in a launch
sequence jdentical to the real world afcustion,

The target-control and reference-signalcommands pass through the
master/mind interface to six minicomputers. Minis 1 throupgh 4 control
the angular positions of four targets on the array. Minl 6 generates
the target glint and scintillation update commands based upon resident
software target models and current target-misgsile trajectory information,;
it then outputy these commands to the other five minis for iwmplementation
in their programs, Minil 5 adds scintillation and Doppler to the gimu-
lated target and develops RF generatiou hardwarce amplitude- and frequency-
control signals.
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The RF generation subsystem produces both the target-reflected
and reference signals. The target signal is coupled to the main array
and radfated toward the seeker from controlled angular positions. The
reference signal is transmitted to the mivsile electronics via coaxial
cable or waveguide. The reference signal simulates the signal received
by the missile directly from the illuminator.

The miesile seeker receives the target signals from the mein array
and generates homing puidance signals., These guidance signals are
coupled through the special missile interface and FER interface into
the master computer. The master computer then generates new target
and missile commuands and updates both commands.

Meanwhile, the missile commands from the wmsster computer have gone
through the FER interface ro the TARFS-1. These signals drive the
TARFS-1 hydraulic gimbals to simulate the missile-body angular motions
that occur in actual flight. The proper angular position and rate
envirorwent are therefore generated by the gimbals of the seeker,

The simulatior. is a clored-loop guidance simulation operating in
real time with actual missile HWIL. The simulation gtarts at missile
activation and ends wh2n the missile is at the point-of-clcsest-
approach to the target, The simulation timing is synchronized
by a master sync and runs at the speed set by the snyc. For simula-
tions which involve detailed missile models, the ASC hybrid cowputer
complex i{s employed through the direct cell interface with the RFSS
interface. The interface alluws for the fiight aserodynamics, the auto-
pilot, and the missile control surfaces to be modeled using only analug
computersg, hybrid computers, or a digital computer (CDC 6600) .

Information recorded on the strip-chart racorders and on digital
and analog magnetic tape includes the same data that are normally tele-
metered to the ground in actual missile flight so the ASC data can be
compared directly with the actual flight test data, In this manner,
the simulation constants can be varied to "match' desired flight test
conditions, Inaddition to the normal telemetered data, recordings are
madz of various other missile/target flight parameters as required to
assess simulation and engagement performance.,

R

Up to four simultaneous independently controllable targets can be
simulated; each has unigue and independent radar signatures which vary
with target roll and aspect angle. The simulated targets may represent
helicopters, aircraft, missiles, or surface RF emitters, Target angular
and radisl motions are 1imited by the 3-msec update rate of the array
and the amount of motion between updates that is acceptable to the user.
Target angular position accuracy i3 nominally 1 mrad with the ability
to provide more accurate angular position if required. Target radial
position accuracy is Range 167 with the ability to command range in
0.6% increments, The 3-msec update rate and the accuracies stated




previously have provided more than adequate target position and motion
capability for realistic engagement scenarios using the hAWK, Standard
Antiradition Missile (ARM), and similar missiles versus aircraft such

as the A-4 and F-4,

D. RFSS Planned Modifications and Expansion

Plans for RFSS capatility expansion through 1979 sre
as follows:

Capability Availability
Improvement of analog tape recording system 1977

LT et e e, g, X

Augmented RF interface to provide RF and target
control from the lower RF room, the FER, and

the aperture rooms, 1977
Additional cabling between RFSS rooms to

facilitate data transfer 1977
Addition of radome boresight positioner. 1977
Target array veal-time display. 1977

Tvo additional targets, two EQM channels, and
one reference chaunel in the 12- to 18-GHz range, 19786

TARFS-] modified to provide continuous roll with
increased angular velocities and acceleration rates, 1978

Universal weapon system interface (to minimize
interface requirements for individual programs). 1978

Second Datacraft, increased disc capacity,
increased minicomputer memory, and digital
magnet ic tape recorder. 1978

Addition of a seventh minicomputer with its own
. teletype for software and minicomputer hardware
checkout, 1978

Redesign of the master/mini interface to divide
the interface into two drawers with interface to

three minis through each drawer. 1978
* Static three-axis seeker positioners for aperture

rooms . 1978

Four targets in the 2.0- to 4.0-GHz range. 1979

Improved RF distributed source modeling. 1979




E, ASC Multimode Simulati on Capability

The ASC has the capability of multimde seeker simulation,
i.,e.,, simulation of missile systems that use RF, electrooptical, or
infrared sensors in some combination for the different phases of the
missile guidance during flight. The simulation is saccomplished by
irtegrating the three ASC Cells (RFSS, E0SS, and the IRSS) via the ~.ybrid
computing complex in the proper sequence to simulate the various m._sile
guidance phases.

Il. ENVIRONMENTAL MODELING
A. General

A useful electromagnetic simulation of the resl world
required that the electromagnetic environment be modeled faithfully,
The various target signatures, E(M, clutter, multipath, rain, and chaff
must all be modeled, The degree to which the electromagnetic components
are modeled depends primarily on the engagement scenario, For example,
in simulations such as an EQM scenario where the change in target and
CM signature with respect to aspect angle is critical to determining
the jammar-to-signal (J/S) ratio, extensive look-uptables are required
because both the target signature and the CM emission change as a
function of aspect angle. For other engagements where target signature
variatione are not ag griticel, standard Swerling target wmodels ov
cven elementary target models might be adequate. Continuous improvement
in the ability of the RFSS to provide a high-fidelity electromagnetic
environment is a priority endeavor,

B. Target Sigrnatures and ECM

Swerling target modeling is accomplished on Mini 6, where
the algorithm determining angular glint is used as an input to the four
target minis to determine the target's position on the array; the scim-
tillation algorithm output is used to vary the RF generation range
attenuator output. The more complex, look-up table target models are
implemented in tables on the RFSS master computer, The engagement
geometry is used to determine the target aspect angle, From this, the
proper look-up table value is determined; this information is used as
a8 control parameter for the vange attenuators. Glint and scintillation
may be added to the baseline table value via either algorithms in Mini 6
or other look-up tables on the Datacraft,

i
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The RFSS EQM capability is extremely diverse. Eithar denial or
deceptive jamming techniques can be simulated with present equipment.
Two denial ECM channels ave available and can be used either to simulate
a steandoff jammer whose relative motion in ar engagement is slight, but
whose power capabilities are high, by being fed to one of the 16 autennas
on the ECM arrey or to sirulate a broadband on-board noise jammer in a
self-screening jammer mode, Approximately 20 dB more power is obtained
vhen a signal passes thrcugh the EQM array versus the main array. The
power different{sl is due to the simplification of the ECM array feed
structure. This differeance can be interpreted as a maximum end-game

J/S ratio of 20 dB. The denial ECM channels have both continuous wave
(CW) and pulse capabilities. Specifications for the two denial channels
are summarized in Table 1,

Deceptive jamming techniques can be accomplished by proper modula-
tion of any target channel, Present RF generation capability includes
Gaugsian and binary noise, lineary frequency modulation (FM), square
wave, swept square wave, sawtooth, and several others. Some of these
techniques include u:e of analog equipment to madulate the channel
directly while others are implemented by digitally synthesizing the
signal on Mini 6 and using digital-to-analog (D/A) channels to convert
the signal for input to analog jacks in the equipment ra&ck. Up to two
tergets, each with an onboard jammer, can be simulated. 1In certain
simulations, it may be feasible or desirable to use fielded or experi-
mental jammers as part of the RF equipment. This configuration is
easily accommodated by using the jammer ae part of one of the target
channele, The Jammer 1s integrated into the RF system with the proper
interface and becomes an integral contributor to the simulation of the
RF environment. One target channel ias used to simulate the particular
target signature and the target channel with the jammer is colocated on
the main array to generate the on-board jamming signal. In a escort
screening scenario, one jammer and two targets can be simulated.

€. Clutrar, Multipath, and Chaff

Advanced distributed source modeling concepts and tech-
niques are being studied for HWIL simulation. This study, scheduled for
completion in December 1977, is considering both hardline injection into
the test gpecimen and radiation techniques on the main array, The pri-

mary conclusions of the study will define advanced methods for distributed

source generation and the necessary hardware and software for implemen-
tation (scheduled for avajilability in 1979), The study will also define
the environmental spectrums that can be radisted from the main array
with existing equipment.
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Present RFSS capability allows for basic simulation of single- and
two-tone clutter, Techniques are being daveloped to radiate a complex
clutter signal adequataly from the target array. Three channels are
required: one to radiste the sum pattern on-axis and two others to
radiate the azimuth and elevation difference patterns off-axis, 1t is
possible, however, that sufficient clutter spectrum fidelity can be
obtained by radiating only two signals: the elevation difference
pattern and the sum channel pattern. The sum channel pattern is
radiated slightly off-axis in azimuth such that some clutter cignal is
coupled into the difference aximuth channel. Results with this method
should not differ significantly from the three-channel clutter approach
due to similarity in spectral characteristics between the difference
azimuth channel and the sum channel.

The simulation of multipath, both specular and diffuse, will be
implemented in much the same way as the clutter simulation, with two
significant differences:

1; The angle of the multipath signal is different,

2} The power density spectrum is much narrower.

Although a true chaff simulation cannot be accomplished, it is
possible to simulate the effect of chaff on specimen performance by
using the same bagic clutier model and modifying it to yield chaff
spectral characteristics,

1. TARGET GENERATION

The control range, resolution, andupdate rate of the RF signal
parameters are summarized in Table 1. The array hardware performance
parameters are presented in Table 2, The target generation and array
capability is summarized in Table 3. The effective radiated power (ERP)
of the array is summarized for representative frequencies and modulations
in Table 4.

The anteuna array is located on the concave (front) surface of a
spherical metal dish which has a radius of curvature of approximately
40 ft and & dish diameter of 33 ft, The array provides the capability
to transmit RF signals, dynamically controlled in relative angular position,
or to receive RF signals over a fleld-of-view of approximately 42° as
viewed by a sensor mounted ou TARFS-1, The location of the apparent source
of radiation ofthe RF signals is controllable to within 0.3 mrad, with a
current working accuracy of at least 1 mrad,
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TABLE 4.

ERP OF RFSS ARRAY,

ERF at Array

Power Density at Secker

(dBm) Antenna (dBm/mz)
Frequency a— ——
(Giiz) Modulation | Tarpet Array | EQM Array | Target Avvay | EMC Array
5.5 oW 11 26 -22 -7

32 47 14

9 24 4 -9
PULSE 36 51 3 18
16 oW -3 12 =36 -21

YuLul 15 30 -18 -3

The nominal update rate ol target parameters s 3 msec or 333 Nz,
Two factors limit the «pdate rate: the time required to run target
modeling information of Mini 6 and the time required to run the fine
position algorithm on Minis 1 through 4, Faster update rates will be
avajlable in 1978 by adding additional memory to Minis 1 through & and
Mini 6 and vewriting the preceding algorithms for optimum execution time,
With this modification, update rates of 1 klz will be approached,

A, Target Position and Polarization Accuracy

"Target posttion” refers to the apparent phase ceuter of
radiation of a signal transmitted by the target array. Target position
is measured by a sensor mounted on the TARFS-1, 'Target position error"
is the difference between the target position measured by a sensor and
the commanded target position. Target position error varies within
limits at every point on the array,

"Polarization" refers to the behavior of the electric field vector
of the signal appearing at the sensor., Polarization 1s discussed in terms
of the axial ratio and tilt angle of the polarizatjon cllipse, '"Polari-
zation ervor' is the deviation of axial ratjo and tilt auple from thelr
commanded values, Like target position errvor, polarization error varies
within limits at all target positions on the array, The system accuracy
goals for target position depend on the frequency and polarization. In
the 2- to 12-GHz band, the RMS target position error goal at any point
~n the array is that it be less than 0.3 mrad in both the azimuth and
elevation directions for either horizontsl or vertical linear polarization.
For any other polarjization, the goal is 0.5 mrad. In the 12- to 18-GHZ
band, the RMS target position error goal at any point on the array is that
it be less than 1.0 mrad fov horizontal or vertical polarization and
less than 1,5 mrad for any other polarization.
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Tarzet poaition and polarvization accuracy defined previously are
based on goeker antenna aperture diameters of 13.5 in. or less for the
2- %o 12-CHz range and on seeker antenua aperture diameters of 8 in, or
less fovr the 12~ to 18-GHz range.

1, Target Position Accuracy

The actual system accuracy for target position
achieved to date has met the preceding goals in a statistical sense,
although some points on the array fail to mect the criteria by a few

tenths of a milliradian on any daily calibration. Target position
error is a function of the foliowing:

a) Nesidual near-fieid efrects,
b) Array anteana position errors,
c} Spurious radiation,

d) Phase errors.

e) Amplitude errors,
2, Polarization Contrsl Accuracies

The polsrization of an electromagnets wave refers
to the behavior of its electric field wector. The most general state
of polarization a wave can take is elliptical, so named because the Lip
of the electric field vcctor traces out &n ellipse witn time. The two
parameters used to describe the stave of polarization are the tilt angle
(t) and the axial ratio (r). Fhe meaning of these two quantities is
defined in Figure 14, The tilt angle is the angle which the major axis
makes with respect to the horizontal. Tilv angle is restricted to lie
in the range -90° < 1 = 90°, The magnitude of the axial ratio is the
ratio of the major axis to the minor axis and is, therefore, always
greater than unity., The range of r is o< v £ «1; 1 £ r < +», The
sign of r depends on the sense of rotation of the electric fieid vector
as it traces out its ellipse. Positive values of v deunote'riglht-hand"
1.tation, meaning that the fingers of the r.ight hand curl in the direction
of rotatijon of the electric field vector when the thumb points in the
direction of propagation. Negative values of r denote "left-hand” rotation.

Poiarization states of special interest occur when thez axial ratio
takes extreme values, When tiie magnitude of r approaches unity, the
polarizatior ellipse degenerates to a circle. Such a conditioa is called
circular polarization. There are two forms of circular polarization:
right-hand circular with r = +1 and left-hand circular with r = -1.

When the magnitude of r app:oaches infinity (r » % «), the polarization
ellipse collapses to a liue (the minor axis shrirke to z.erc). ILu this
case, it is called linear polarization; the electric field vector does
not rotate, but is confined tc a line.
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POLARIZATION ELLIPSE TRACED BY
THE TvP OF THE E YECTOR AS T
ROTATES WITH TIME

n .4
T-TILTANGLE—; <r (;

?
el -;-nmmruuzos AXIALRATIO ~ < s < -1 1< r< + =

+, IF-E.ROTATES CLOCKWISE WHEN LOOK!NG iN THE DIRECTION

SIGN OF r = OF PROPAGATION
l-, 1F EROTATES COUNTER CLOCKWISE WHEN LOOKING IN THE DIRECTION

OF PROPAGATION

iF THE SIGN OF r IS +, THIS IS CALLED “RIGHT-HAMD'* SENSE OF ROTATION,
BECAUSE IF THE THUMB POINTS IN THE CIRECTION OF PROPAGATION,
THEN THE FINGERS OF THE RIGHT HAND CURL N THE DIRECTION OF
ROTATION OF THE E VECTOR. \F THE SIGN OF r I3 —, THIS IS “LEFT-
HAND" SENSE OF ROTATION.

Figure 14, Definition of polarization parameters.




-~

It can be shown that any electromagnetic wave is expressible as
the sum of two spatially orthogonal, linearly polarized waves. The !
relative amplitude and pliase of the two orthogonal linear components
determine the polarization of their resultant. This concept provides
the basic method of polarization control in RFSS, namely, control of
the relative amplitude and phase of two signals which are radiated by
the twe orthogonal, linearly polarized ports of any array antenna,

Because the polarization depends on the reletive amplitude and phase of
the two orthogonal, linear components, errors in amplitucde and phase
control lead to polarizatjon errors.,

The Kr'SS polarization accuracy design geoals are shown in Table 5.
These accurac.es are typical of those provided by target calibrations.

3. Special RF Target Generation Interfaces

Each simulation program conducted in the RFSS requires
some modification or interface addition to the RF target generation
equipment to provide the program peculiar target signals specified by
the RFSS user. This interface can be simple, if user requirements can
be generally met by existing interfaces, or complex, if the required
target signals have not been generated previously by the RFS5S. An
example of an interface in which a jammer signal is generated for coloca-
tion on a target signel is shown in Figure 15.

IV. CONTROLS AND INTERFACES
A. Major Control and Interface Equipment

The major RFSS control and interface elements are shown
in heavy lines on Figure 16. Items controlled by these elements are
shown in dashed lines. Testing in the aperturs rooms is, in general,
under manual control, but can be patched into the master computer if
required,

The primary RFSS control links are listed in Table 6. These links
are discrete or analog and connect areas and equipment as shown. Figure
17 shows the layout of the equipment in the RFSS control room. The
principal control equipment used by the Simulation Director during test
is indicated by bold lines.

B. General Purpose Equipment

In addition to the major control and interface equipment,
a supply of pcrtahle test equipment is available within the RFSS. This
supply includes standard RF laboratory equipment such as signal generators,
oscillators, spectrum analyzers, network &nalyzers, time domain reflecto-
meters, and portable recorders. A great variety of specialized equipment
is als> available, with advance notice, from other MIRADC(M laboratories.

40

R




-_————

"S3ITWI] PIUIPTFUOD %G’/ PIPFE-IUO FuTIIP s3uIIvIs £3713qegoad eyl

{99108

9L°0=(01<|3|)d

tLro= (01<|1])d

wic0= (01 <{2])d

0= (o1<|1|)d

1 o13ey [FIXY

780 = (,£> | W|)d

¢80 = (o£>]|W))a

98° 0= (,£> )W)

88°0= (,£>|W|)4

1 aT3uy 3ITIL

«0o 3I® @® 0¢-

edulT ST

z6°0= (01 <|3])d

26" 0= (01 <[3])d

76°0= (01 < |2{)d

26°0= (01<2])d

1 OF3wY TFIXY

€7 0= (9> |W))d

L o= 3> |wW)a

§L 0= (,9>{3Pd

9L°0=(,9>|wW|)d

1 ?13uy 3111

«081 3% WP 02-

1TIURT ,$°T2

z8°0= (01 <|3|)d

(8 0= (01<|2|)d

€8°0= (0T <3|

18°0= (01 <|2|)d

1 O73IvY T¥IXY

05°0=(9>|w})d

£8'0 = (9> w|)d

2670 = (9> W )4

2676 = (,9>]wi)d

1 a18uy 711

«081 3® @ 07~

AWIUTT G

6L°0 > (91 > a)d

8L 0 = (w1 >2)d

18°0 = (71 >3)d

80 = {7'1 > 1)d

2 0139Y 1®IXY

+081 3% 9p C7-
1e[Nd17)

zHO 91

ZHO 01

ZHD ¢°¢

2HD ¢

Bur1dno) wuuajuy
pu® u0jINZIaviod

el dilthmeh & Bl oL

STV09 ADVMNIOV NOILVZIHVIOd

- ek

‘S TI4VL

41




-uorjeadajuy 3s8ae3 pue sawse( 103 @oe3iaiul Q¥ ‘SSAN jec1dLl ‘g1 2and1d

(72] ViMl £ e
TIINNVHD | WTH Moz, wn, !
1304Vl ‘*IAA 4
5“ T T GAD TGRp GE TED Ty =D
a3id
AVHYY

VZ LN NOSNHOTM—SNINLVYM YIXIN 9

87 02—OPL0r YOHVYN $:374N00 IYROLLOINKD S
(V3) NOLLYT1OS)

8P 3Z ¥000E LAY SHOLVINOHID ‘v
‘SNYILLVY VYNNILNY HINNWYP
ONLLLINSNYYHL QWY IDNYY 3TIS8IN

Ol HINWVYI HO4 NOILVNINILLY 3DMYY ¢
‘'¥314400 37128 N QWY
‘H3 14400 UINWYI ‘'NUILLVY YNNILNY
HINWYF ONIAIZOIY “JONVY HINNYP OL

HOLYNIWNTTi HO4 NOLLVNNZLLY JDNVY T
‘4314400 FSSIN ONY ‘0374400
139YVL ‘NOLLIIS SSOHD YVYAVH ‘JIDNVY
FNSSIN OL L3DHV] ‘IDNVH LIDUVL OL

HOLVYNIWNTT 04 NOILYNXRILLY JONVY L i

‘33L0N

HOLVNN3LLY
IBVINVA A

AlddNS
H3IM0Od

340080711080

et

42

HINNYT

(24)
W i 0oL

|

| 4no3
* “ﬂ A.A.. N3D

l

(1 Sy g S|

ITYNDIS

_5 VLML ) Viml
L TINNYHD Moz MM _ & 001

1394vL 4in03
»ovY qﬁ \w& A‘IHWKITAA.. N3ID
EER IYNOIS

Avduvy
UE — twg._

mrs - 4

wnn o




‘§3UBWITI SDBJIIIUT pue [01JUOCD SSM 97 2INIIJ

itk |

| SYILNANOD |
{__Jvuoid)

llhulll_

ﬂ.—-

(OMINCO VANV 1 I~ — T T T T T

_ | _
W3LSAS -

)
3044

v
=

HILNAWOO
H3ILSVW
13vd¥lviva

X
1IN0

g

[ w..cchm&....,

_ _ll'
Lo _iHONd

HERE 1 Vb T M
| ONILNNON |
Ingse |

| -

p

I“““"'\ r

$ZIVIHIANI 4H

[47} 38 VMAHVH ~NOLLYINWIS/SHILNIWOI)

L

W3ILTAS V31~ AvHHY

r
'

-
SWOO0H 34NLEIIY 434 sS4 WOOH TOHLNOD SS34 v3dvY DIAUIS
AVUUYY GNY SNOOY 1Y $S3d




| —————— T - et N, 7w - i e

T ———————— o S

ooy puemwo) 3Inding A ¢+ 03 (O TAUVUBYD T¢
33exdw3eq | sandInQ A O1F TeUuUBYD 4T go1euy | puemwmo) s3ndul A G+ 03 0O TJPuuBy) Z¢
gandul A auusy) uguno) 3Ind3anO A G+ 03 auury)n wooy
wooy Fl 4o %9 13910835 P e S 1 96 Jusudinbd
8orsuy | 3IndIno A OTF T2UURYD %9 puswno) 83ndul g4 03 Q TAUUBY) 96 usiid
03 8o1wvuy 03 3210810 woay
L 3CLA R L a7qeyO3IRg

SANIT TOUINOD S5 "9 TTEVL

- Ae—— o ]

_!‘.f._!.!.“t!-(‘ o .

~3
~3

i



A
i - 'y -
e oo —

|

-anofe] wWooa 033u0O SSAY

+ (T aan814a

$Y3I0HOO3H LHYHIdIULS

H3av3y Hsnug | HINue
v d34ANIY4 INDT NYIEYA
: m 104LNOD
hd 310M3Y
AOOY T0ULNOD
ALl
¥3a! 734 03AIA
lllllll — . w
NOISNVJX3 x*vy Y
L HOWDN %10 AN3NINDI
30OVIEILNI
318Vl

45




C. Interface Equipnent

For each simulation program conducted at the RFSS, special
interface equipment {5 required. An interface is required for the flight
hardware to interface with the RFSS equipment in the FER. This interface
provides data and control access to the flight hardware and may be designed
and developed entirely by RFSS engineers or may be built around an
existing control panel or test set supplied by the RFSS user. The FER
interface may also be used in the aperture rooms if testing is conducted
there prior to FER testing. A second special interface is required for
the RF generation equipment to assure that the target signals generated
have the proper signature and characteristics and/or to integrate jem-
ming cquipment into the RF generatjion chain. Early identification of
the requirements for these interfaces as well as the I/0 requirements for
test control, recording, and display parameters are required to implement
a successful RFSS program. Additional interface equipment such as missile
holding fixtures as well as modification to the RFSS permanant equipment
may also be required.

Each plece of i1-t¢erface hardware developed for a specific program
goes through a develcpment and integration effort. Although there is
no standard level of effort, as each program tends to be unique, the
development and integration steps are standard;

a) Deflnition of functional requirements.

b) Developmenmt and review of a design concept,

c) Detail design (drawings and parts lists).
d) Release of requests for procurement.

e) Receive, expedite, and inspect parts, .
f) Assemble drawer(s)/cable(s),

g) Check out and integrate drawer(s)/cable(s).

h) Integration of the pregram specific hardware with the RFSS and
with the RFSS and with the software.

D. Computers

Computer control of the RFSS is provided by a
Datacraft 6024/1, five Interdata Model 80, and one Interdata Model 85
computers. The location and interconnection of these computers are shown
in Figure 16. The basic capabilities of these computers are shown in
. Tables 7 and 8. Two fixed-head disc storage units are available with the
H Data craft computer. The capabilities of the discs are shown in Table 9, ' ]
]

S PP SRR P
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TABLE 7. DATACRAFT 6024/1 CHARACTERISTICS

Feature

Capability

hemory Size
Word Size
Registers

Addressing
(Direct, Indirect
and Indexing)

Cvcle Time

1/0 Capability
ABC Channels
Standard Channel

Priority Interrupts
Internal
External

Sense Switches

32,768 Words
24, Bits Plus Memory Parity

5~24 Bit (3 may be used for
indexing

32,768
600 nsec

8 Provided (UP TO 14 Possible)
1 Provided (UP TV 28 Poassible)

8 (Standard)
24

4

Central Processing Unit
(CPU) Features
Power Fail Shutdown and
Restart Program

Restrict/Instruction Trap
Stall Alarm

Interval Timer

Address Trap

Scientific Arithmetic Unit
(Floating Point)

Bit Processor

Hardware Bootstrap

Additional computing and data storage capability is provided through
data links with the ASC CDC 6600 digital computer, the EAY 781 computer
and the AD-4 analog computer. Real-time operation with the contrcl !
computer complex in the loop is available if required.

E. TARFS and CSAL

The capabilities of the TARFS-1 and TARFS-2 aud the CSAL
which simulate the flight rotational motions and the aerodyanuwic load
environmeut of missile flight hardware during real-time testing are
shown in Table 10. The TARFS-1 is used for the seeker; the TARFS-2,
with a higher frequency response, is used for the sutopilot.
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T/8LE 8. BASIiC FEATURKES OF INTERDATA MODELS 80 AND 85 COMPUTERS

Feature Capability

Instruction Repertoirs 127 Instr. Including Multi-
ply/Divide Both Fixed and
Floating Point (131 Instr,
for Model 85)

Instruction Work Format ¥ull Word (32 Bite) and
Halt Word (16 Bits)

Direct Accessing 65,536 Bytes

Data Work Length 8, 16, and 32 Bits

Memory Sirze 16K Bytes

Accessing Time 332 nsec

General Registers 16 (15 Usable for Index
Registers)

Priority Interrupts 8 (External)

Input/Qutput Vis Selector Channel (IMA)

(Two Provided) (Saparata
Telatype 1/0)

Additional Model 85 Features:

Micro Processor:

Micro Instructions 170

: Control Store Memory (Fixed) 4096 Bytes

i 60 ngec Access

) Contrel Store Memory Dynamic 4096 Bytes

; 200-noseac Accens

f Data Work Length 16 Bdits

: Universsl Clock:
Resolution 1, 10, 100, aud 1000 psec
Program Control (Intervals) Commend, Status,

Count, Interval

. F. RFSS Instrumsprtation

The major elemente of RFSS permanear instrumentation and
display capability asre listed with their location {nTable 11, Additional
recording and display equipment is available through patching to the
hybrid computer room or by employing portabla equipment.
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TABLE 9. FIXED-HEAD DISC SPECIFICATIONS

Feature Specification
Rotational Speed 1800 rpm
Average Access Time 16.7 msec
Transfer Format Serial
Transfer Rate 134,400 words/sec
Storage 143,360 words
Number of Heads/Track 1
Number of Tracks 32
Words Per Sector 112 plus End of Sector word
Sectors Per Track 40

V. SOFTWARE

Computer control of RFSS chackout and operations is provided
by approximately 50 special proposs programs. These programs control
all target and test manipulations and provide for automatic data reduction.
When required by specific tests, auxiliary software programs are developed
and/or existing programs are modified by tha RFSS software staff. RFSS
softuare is divided into similution independont and simulation dependant
programs,

A. Simulation Independant Softwarae

Sinulation independent software includes calibration pro-
grama, disgnostics, Tektronix display, and portions of the simulation
logic. Calibration software, for exsmple, provides automated calibration
of both the array and RF generation equipment at the user's designated
frequency. Diagnostic programs are run on all equipment in a particular
simulation configuration, This software isolates hardware malfunctions
and minimi~es the effort to repair the malfunction., Simulation logic
that is considered simulation independent ircludes the Target Control
Algorithm and RF Generation Control Algorithm, These are Interdata
computer programs which compute command words to control the array and
RF generation squipment per simylation-dependent data supplied by Data-
craft computer,




TABLE 10. TARFS AND CSAL FERFORMANCE SUMMARY

TARF5-1 Specifications:

Load limitations:

Load size: 16-in. diameter, 60-in. long

Load weight: 150 1b

Parformance characteristics

= e

Angular Displacament

Load Inertia
Position accuracy
Repeatibility
Velocity

Acceleration
Frequency Rasponse

200 deg/sec

900 dog/lec2
13 He

Pitch/Yaw Roll
150 deg 150 deg
2 «
15 slug-ft 1.5 alug-ft*
41,0 mrad $1.0 mrad
0.1 mrad 9.1 mrad

400 deg/sec

40,000 dog/s.cz
30 Hz

TARFS-2 Specifications

Load Limitatjions:

Load Size: 10-in. diameter, 10 in. loug

Load Weight: 50 1b

Performance Characteristics

Pitch/Yaw Roll

Angular Displacement 180 deg 150 deg
Load Inertias 0.042 alug--ft2 0.042 slug-ftz
Position Accuracy 10.1 mrad 11.0 mrad
Repeatability 0.1 mrad 20,1 mrad
Velocity 200 deg/sec 700 deg/sec

Acceleration

40,000 deg/lec2

200,000 deg/secz

Frequency Response 30 Hz 80 Hz
7 CSAL Specifications
Parameter Characteristics
Load Size (diameter) From 3 to 24 {in.
Torque Qutput (maximum) 21000 fc-1b
Rotational Displacement 145 deg
Load Inertia 0.02 slu8-ft2
Position Accuracy 10.05 deg
Torque Accuracy * ft-1b
Maxirum Velocity 700 deg/sec
Frequency Response 50 H:
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B. €imulation Dependent Software

Simulation dependent software must be developed specifi-
cally (or modified) for both open-loop and closed-loup programs. There
currently exists a set of open-loop, or seeker characterization, sub-
routines. They control both target position and RF generation parameters
such as power, Doppler, and range delay. Modification of these routines
is usually required to meet the specific requirements of the user’s
test plan, Existing closed-loop software includes Executive Control,
Missile Model, RF Model, Relative Geometry, and 1/0 Handling. Simulation
dependent software is required in each of these areas to implement a
specific program. The amount of effort to adapt existing closed-loop
software to a user's requirements is a function of the missile character-
istics as well as the user's test plan.

The Missile Model, 2 major simulation dependent effort, may be
developed to run internally within the RFSS on the Datacraft computer
if not too complex or may be provided externally from the ASC hybrid
computer complex for more complex models. The RF Model, also a major
simulation dependent effort, ircludes the target scenario and ccntrol
of RF generaticn equipment, Tle target trajectory is implemented by
inputting acceleration commands versus time. A number of maneuver
tables have been developed, in:luding sine weave and split S. Other
maneuvers are developed as requested by the user. The Relative Geo-
metry Model provides tue coordinate transformations and calculations
necessary to determine the geometric parameters between the Missile
Model ard the Rr Model. Significant modification of the Relative Geo-
metry Model is usually required to implement a specific simulation.
1/0 handling involves computer control of all hardware in the RFSS
facility. Modification of existing RFSS hardware by the user requires
a corresponding software modification.

C. Software Test Program Support

Test prograns in the RFSS facility are conducted in
five phases as follows:

1) Coordiration and plauning.
2) Development.

3) Integration and checkcut.
4> Test,

5) Documentation,
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Simulation dependent software and support by the software staff
are required in the last four phases, In the development phase, simula-
tion dependent software must be generated to support the user's specific
requirements for missile/target kinematics and RF control. In order to
implement these software requirements for a user's program, early identi-
fication by the user of his test matrix, 1/0; interface; and control,
recording, and dirplay requirements are needed. The test matrix provides
a list of the tests the user requires; through a discussion of this wmatrix,
the relative engagement requirements are derived. These are first
expressed in geometric equations of motion by the RFSS Systems Engineer
to establish a relative geometry model as well as a dynamic target
signature model to define the complete engagement scenario. The soft-
ware staff then implements these model in software to provide control
of target/missile relative geometry and RF generation.

The software staff then participates in the hardware/software
checkout phase which precedes the actual test. During the test phase,
the software staff provides support to assure that the missile/target
motions and target signatures are controlled as required by the Simu-
lation Director,

In the documentation phase, special software programs are often
required to reduce the large volume of data that can be generated by the
multi-run, statistical data complilation, If these data were not reduced
automatijcally, they would be unmanagable.

D. RFSS Software Programs

The major software programs currently available in the
RFSS are as follows:

1) Subsystem Tests.
a) Peripheral Tests.

(1) Datacraft Peripherai Test.
(2) Model B0 Interdata Peripheral Test.

b) Control Console Test,

. ¢) Interface Readiness Test — Equipment Interface
Readiness Test,

d) Interface Tests.,

(1) Master/Mini Interface Test.

(2) RF Generation Interface Test.

(3) Array Interiace Test.




e) Array Calibration Unit Test,
f) Strip Chart Recorder Test,
g) TARFS Readiness Test.

h) CSAL Position Test.

i) RF Generation Test.

J) Master Sync Test.
k) Calibration Sensor Test.

2) Calibration and Alignment Programs.

a) Array Alignment Program.
b)  Path Loss/Path Length Calibration Program.
c) Path Loss/Path Length Mapping Program.

d) Attenuator/Phase Shifter Calibration Program,

e) Attenuator/Phase Shifter Readiness Test.

I

! 3) System Demonstration Programs.

! a) Polarization Diversity Test.
b

b) Target Accuracy Test,

JT N O PPN o SR WY s . I >~

' c) Open-Loop Test,
f d) Closed-Locp Simulation,

& e) Simulation Executive Control Program.

f) ECM Array Control Test.

4) Simulation Aids.

a) Datacraft — Real-Time Graphics Program.

i b) 1nterdata. {

3 (1) Target Control Program.
(2) EM Controi Algorithm, i
(3} Polarization Control Algorithm.

(%) Coarse-Positicn Contirol Algorithm,

(5) Fine-Position Control Algorithm.

T e T o

(6) RI Generation Algorithm,

(7) NXNoise Algorithm (Glint, Scintillaticn).
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Special Programs.

a)
b)
<)
d)
e)
£)
8)
h)

Test Directory Initislizor,

Test Directory Editor.

Fast Fourier Transform.

Master/Mini Interface Diagnostics,

Tektronic Graphics Diagnosticsa.

Near-Fields Rffects Correction Table Program.
Low/High Level Modulator Calibration Program,
FR 1900 Test.
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