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Technical Data

May 1996

Watkins Johnson built theWJ-9012 HF Direction Finding
(DF) System around the IEEE-1155V M Ebus Extensions
for Instrumentation (V X1) standard. The system uses
commercial off-the-shelf (COTS) equipment andisafully
functioning Tactical/Strategic High Frequency (HF) DF
System using minimum rack space. TheWJ-9012' sman-
machine-interface(MMI1) isbuilt aroundfield-proven
software. Open-system architecture, COTShardwareand
software, and the | EEE-1155 standard ensure users of
general industry support for future products and upgrades.

TheWJ-9012 turnkey system providesmodern, modular,
building blocksthat expand the MM to accommodate
growthto VHF/UHF DF asrequired. Thelife-cycle cost
benefitsof thisdesign approach permitsalogical expansion
of capability asafunction of timeat minimum cost.
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WATKINS-JOHNSON
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Features

0 1.5to 30 MHzfrequency coverage

0 N-channel design (8 channelstypical)
O Resolution of co-channel interference
O Superresolutionalgorithms

O Open-systemAr chitecture

0 WJ-8721 VXI HF Receivers

O Windows NT GUI

O Built-intest circuitry

O Variety of networking options

O Supportof Variable Antenna Configurations

All International sales of WJ equipment are subject to USA
export license approval.

This material provides up-to-date general information on
product performance and use. Itis not contractual in nature,
nor does it provide warranty of any kind.

Specification subject to change without notice.




Courtesy of http://BlackRadios.terryo.org

WJ-9012

System Controller

TheWJ9012 System Controlleris aPentium-based
| BM-compati blecomputer runningtheMicrosoft
Windows, NT operatingsystem. WJhousesthe
unitinastandard desktop chassis. It contains:

. PentiumProcessor

. 32-MbyteDRAM
. 1-GBHardDisk Drive
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. 17-inColor Monitor

. 1024 x 768 GraphicsAdapter

. Interna 1.44-M B Floppy

. SCSIDAT Drive

. |EEE802.3/Ethernet

. EIARS232C Seria Ports

. KeyboardandMouse
Windows, NT

TheSystem Controller providesthecontrol interfacefor
theDFAcquisitionUnit (DAU). Theoperator interface
isaWindows, NT-basedMMI that providesauser-
friendly control paradigmfor DFandreceiver-control
operations. Standard displaysprovidean easy-to-use
operator interfacefor DF operations, system configura:
tion, andworld-mapdisplayswithLineof Bearing
(LOB) andfix overlays. Depending onuser require-
ments, WJcan configurethesystem softwarewith
displaysfor acquisitionreceiver control, intercept
collection, demodul ationcontrol, databasemanagement,
andreportgeneration.

DF Acquisition Unit (DAU)

TheDAU containsall thenecessary hardwareand
softwareto provideL OB tothe System Controller. The
DAU consistsof threetypesof V X1 equipment:

. Embedded 486 Controller

. Cdlibration Generator

. WJ}8721HFReceivers

Theembedded 486 ControllerisaV XI Slot-Ocontroller
that providesoverall control and coordination of the
signal acquisitionand DF process. Thisunithasa
66-M HZz 80486 processor that receivesDF requests
fromthe System Controller. Theembedded controller
then processesthecalibrationfunctions, receiver
control, dataacquisition, anddigital signal processing
(DSP) DF algorithmstoprovideafinal LOBtothe
System Controller. A dual TM S320C40 Processing
CardperformstheDSP. Thiscardresidesin oneof two
availablelndustry Standard Architecture(ISA) expan-
sionslotslocatedintheEmbedded Controller.

TheCalibration GeneratorisaV X | functiongenerator
that providesacalibration sourcefor thecorrection of
phaseand amplitudeerrorsinthereceiver channels. The

WJ-9012 System Rack Elevation

generator automatically calibrateson eachnew frequency
oronsignificantly ateredsignal levels. Theoutput of the
calibrationunitisconnectedtotheWJ-7121-2 Antenna
SwitchUnit (ASU), whichinjectsthecalibrationsignal
intoall thereceiver channels.

TheWJ-8721isafully synthesized, general-purposeHF
receiver for signal monitoring, and DF of RFcommuni-
cationsfrom5kHzto30MHzwith 1-Hztuning

resol ution. WJpackagesthisunitinasingle-dot C-size
V X I module. WJusesDSPtechniquesfor avariety of
modulefunctionssuchaslFfiltering, Automatic Gain
Control (AGC), demodul ation, and Beat Frequency
Oscillator (BFO) tuning. Digital stability and repeatabil -
ity providefilterswith superior amplitudeand group
delay characteristics. Thereceiver providesupto 66
standard sel ectablel Fbandwidths(IFBWSs). Available
detectionmodesareAM, FM, CW, USB, L SB, and | SB.
AtunableBFOisadjustablein10-Hz stepsover a
+8000-Hz range. Passband tuning further enhancesthe
reception of signalsindensespectral environments.
Fast, Slow, and M anual AGC modesareavail ablewith
thestandardreceiver. However,theAGCloopis
controlledat thesystemlevel, whenusedinthe
WJ9012.

Althoughused asastand-alonereceiver, theWJ-8721is
alsoideal for systemsliketheWJ-9012that require
multichannel, phase-locked, synchronousacquisition.
Thissystemroutesall threeL ocal Oscillators(LO) on
themaster receiver tothefront panel for daisy chain
routingtosubsequent slavereceivers. Similarly, theunit
synchronizestheAnalog-to-Digital (A/D) converterson
slavereceivers tothemaster receiver. Thisensures
synchronoussamplingfor all theA/D converters. Once
dataisacquired, theEmbedded Controller retrievesit
fromeachreceiver for signal processing.

Antenna Switch Unit (ASU)

AWJ7121-2 ASU interfaceswithexisting HF antenna
arraysor withanoptional HF M onopole AntennaKit.
Sincemany HF DF systemrequirementsareupgradesto



Courtesy of http://BlackRadios.terryo.org

WJ-9012

e

WJ-7121-2 ANTENNA SWITCH UNIT

LOW BAND TEST ANTENNA
8 1

Lo

N 2 T e

YHIGH BAND
8
WJ-8721 WJ-8721

VXI HF VXI HF

RECEIVER RECEIVER

WJ-8721
VXI HF
RECEIVER

WJ-8721 WJ-8721 WJ-8721
VXI HF VXI HF VXI HF
RECEIVER RECEIVER RECEIVER

! ! i

! ! !

<

GPIO/RS-232

VXI CONTROLLER
80486-66

QPC 40 PROCESSOR

ETHERNET
INTERFACE

VXIBUS >
1 i 1ST, 2ND, 3RD LO i

WJ-8721
VXI HF
RECEIVER

WJ-8721
VXI HF
RECEIVER

CALIBRATION
GENERATOR

t |

SVGA
MONITOR
(OPTIONAL)

EXTERNAL
FLOPPY DRIVE
(OPTIONAL)

KEYBOARD
(OPTIONAL)

IBM-COMPATABLE PENTIUM COMPUTER

ETHERNET

PROCESSOR

1.44-MB
3.5" FLOPPY
DRIVE

32-MB
RAM

i7"
COLOR
MONITOR

J MOUSE

KEYBOARD

1-GB
DISK
DRIVE

ScCsI
DAT

WJ-9012 System Functional Block Diagram

thereceiving/processi ng subsystemsonly, thestandard
systemdesignallowsinterfacingwithexistingHF
antennaarrays, suchasthePusher array. However, the
WJ9012 Systemal sointerfacestoNon-circularly
Disposed AntennaArray (CDAA) geometriesthrough
antenna-locationinputs. Check withtheWJfactory for
thebest possiblearray geometry.

TheASU providesaninterfacebetween antennaarrays,
calibrationsignal, andreceivers. For systemsthat
employ twoindependent antennaarrays(e.g., two
concentricarrays), the ASU accommodatesbotharrays
andautomati cally switchesbetweenthem, dependingon
theselected frequency. WJlabel stheantennaarray
inputsaslowband and highbandfor identificationwhen
usedwith systemssuch asthePusher array. However,
eachisavailablefor signalsinthe1.5to 30 MHzband.
Duringcalibration of theDF System, the ASU injectsthe
calibrationsignal intoall thereceivers.

System Architecture

Usingstandard systemarchitectureallowsthe
configurationof aWJ9012 Systemfor stand-alone
operations. Another configurationallowsnetted
operationswith other WJ-9012 Systemsfor emitter
location processing. Inanetted configuration, the
WJ-9012 may useavariety of communicationslinksto
internetwork theNet Control Station (NCS) withtheDF

94-295

outstations. Each outstation consistsof aDF antenna
array,aWJ-9012, and acommunicationslink. WJ
configurestheDF netfor oneNCSandtwotofive
remoteDF outstations. | nstand-al oneor netted
systems, theDAU isusually co-locatedwiththe
antennaarray. The System Controller islocated either
attheantennaarray withtheDAU, or remotely over a
Thicknet Ethernetinterface.

Ethernet aswell asmodem communicationssend DF
regueststooutstationsand provideL OB reportsfrom
theoutstationstotheNCS. TheWJ-9012 protocol
softwaresupportsstandard DF Flash Net operations.
Anoperator usesthecommunicationswindow onthe
display tocontrol messagegenerationandrelease. The
systemcanalsointerfacewithexisting
communicationsnetworkssuchasBull's-eye.

Equipment control screenscontrol monitoring
receiversand other devices. Anoperator selectsand
controlsall parametersby point-and-click method
usingamouse. Slider barspermit control of analog
featuressuchasfrequency tuning, whilepull-down
menusallow discretesel ectionssuch asbandwidthand
demodulation.

World-mapdatabasesprovideM ercator, Polar, and
Gnomonic projectionswith easy-to-usefeaturessuch
aszoom and notes. Mapscandepict rivers, roads,
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internal boundaries, water bodies, andrailroads. An
operator canoverlay DF sitelocations, LOB, and
emitter positionsto providereal -timegeol ocationand
datafusion. High-resol utiondigitized mapsareoptional .
Thestandard WJ-9012 usesaMicrosoft, Accessdata-
basesystemthat generatessimplecontact reportson
datasuchasfrequency, timeof intercept, bandwidth,
and detectionmode.

WJconferredwithlong-timeoperational userstodesign
theequipment displays. ThebasicDFdisplay provides
receiver control, Power Spectral Display (PSD), Azi-
muthand Elevation Histograms, and Equi pment Status.
Additional displaysfor multistationoperationsare
available. TheseincludeChatter Display forincoming
and outgoi ng messages, and aReport Generator.

Thereceiver-control displaysaccessall standard
receiver functionssuchasfrequency, bandwidth,
detectionmode, and gainmode(i.e.: normal, preamp, or
attenuation). Thesystemal soprovidesretunefunctions
linkedwiththe PSD toallow finetuningthat eliminates
co-channel interference.

ThePSD providesahigh-resol ution pandisplay that
allowsanoperator toselect agivensignal withinthe
audiochannel for DF processing. Frequently, multiple
signalsarepresentinthesamechannel. By usingthe
cursor toselectthesignal of interest, an operator may
retunetheDF settotakeaDFreading onthesel ected
signal whilergectinginterferingsignals.

Histogramdisplaysof multiplereadingstakenona
givensignal providean operator withavisual meansof
estimatingtheL OB andelevation Angleof Arrival
(AOA). Whenmultipleemittersoperateonthesame
frequency inanetted configuration, an operator canuse
theAZ and EL cursorsto select eachazimuthandto
measuretheelevation AOA forthesignal arrivingon
that bearing. A Tip Queueprovidesalist of incoming
DFrequestswithanassociated priority. Asatipis
serviced, the DF set tunesto theappropriatefrequency
andinitiatesDF readings.

Whenanoperator at adifferent DF stationwantsto
provideinformationrelatedtoasignal of interest, orto
simply relay amessage, thesystemdisplaysincoming
messagesinachatter box (networked optiononly) near
thebottom of the screen. Whentheoperator replies, the
display showstheoutgoing chatter messageonthe
bottom of thescreen.

Superresolution  Algorithm

Theterm superresol ution (SR) definesatechniquethat
resolvestwo simultaneousco-channel signal swhose
angular separationislessthanthenatural beamwidth of
anantennaarray. SR-DF hasanumber of other benefits
that depend upontheapplication:

. SR-DFdoesnotrely onany particular antennageo-
metry: itisonly necessary toknow therel ative posi-
tionsof thearray elementsandtheir patterns. With
thisflexibility, anoperator canapply thetechniqueto
existingarrays, or to locationswhereaconventional
array isimpractical or may not offer maximum
aperture.

. SR-DFhasdemonstrated superior accuracyin
operational environmentsevenwithsmall apertures
andlow signal-to-noiseratios.

. SR-DFprovidesmultipleco-channel signal opera-
tion, plusanindication of thenumber of signals
present.

« SR-DFisvery robustandprovidesoperationinpoor
multipathenvironmentsand cluttered sites.

« SR-DFtechniquesrequireonly afew samplesof the
signal environment to providean accuratebearing.
Therefore, anoperator canuseitwith short duration
sgnals.

« Recently developed SR-DF capabilitiesresolve
multiplefully coherent co-channel signals.

These SR-DF capabilitiesoffer solutionstomany long-
standing problemsnot solved by conventional DF
systems. Inadditionto SR-DF algorithmssuchas
MUSIC, anoperator can programtheWJ-9012
hardwarefor interferometry, correlative DF, or
maximum-likelihood algorithms. Thesystemcanal so
providereal-timedigital beamformingandtherefore
signal separation.

Options

WJ-9012/ANT
16 elevated monopole elements with erection kit

Various options in development
Contact factory for details
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WJ-9012
Specifications
SYSTEM ACCUIACY ...uvvviiiieeeiiiiiiiiieeeee e s e ssireaeeee e e s e sanreaeees <2 typical
System ReSOIULION .....ccccoeiiiiiiiiiiiee e 0.1°
FrequenCy RaNQe ..........uuuiuiiiiiiiiiiiiiiiiiieiiiieeeiieeeeeeeeeeeeeeees 1.5 to 30 MHz
Receiver NOise FIgUre .........cccciiiiiiiiiiiieeee e 14 dB
Tuning ReSOIULION ........ooiiiiiiiii e 1Hz
Preselection ... 11-band suboctave
Available RF Attenuation ...........ccccoovivenieniieniieennees 59 dB
Available Digital Gain ........ccccccooeeciiiiiiee e, -20to +112 dB
Preamplifier Gain ... 10 dB
Attenuator (Front ENd) .......cooooiiiiiiiieieeiiiiiieeee e 15 dB
SYSIEM AGC .. True manual gain
Each receiver normalized to reference channel
Available DF Bandwidths ...........cccccooiiiiiiniieies 66 IFBWs from .056 to 16 kHz
Detection MOUES .........ccocviiiiienie it AM, FM, CW, USB, LSB, ISB
Internal Reference Stability ..., >0.7 ppm (0 to 50°C)
External Reference FreQuency ..........ccccccceviiiiiiiienanenn. Accepts 1, 2, 5 or 10 MHz (>+1 ppm)
Antenna Inputs
Array 1 (8 INPULS) .evvvee e a e 8 Inputs
Array 2 (8 INPULS) .evvveeeiiiiiiieee e a e 8 Inputs
(] =AN Fo To ] 4 11 0 o SRR MUSIC
LOB per SECON ......cooiiiiiiieiea e ~20
Power Spectral Display
Bandwidth .........cccoooiiiii e 16 kHz
REFTES o 10 per sec, typical
MAPS e a e World DB Il, Polar, Ghnomonic, Mercator, LOB Overlay,
Site Positions, Emitter Positions
DF DiSPIAY ..ceeiiiiiiieieeee ettt AZ & EL Histograms, PS, Maps, Equipment Control
System Controller
g = 0] 1 o SRR IBM Compatible
PrOCESSON ...ttt Pentium
V1T o g o] YRR 32-Mbyte DRAM
DISK DIV .. 1-GB Hard Disk Drive
1Y/ (o] 1 (o PR 17-inch color
(€T T o] 1 To7 S SRR 1024 x 768
1] o] )Y/ SRR Internal 1.44-MB Floppy
NEIWOTKING «eveeeiiiiiiieeee e IEEE 802.3/Ethernet
Peripheral POItS ........ooiiiiiiiii e EIA RS232C Serial Port
Keyboard & MOUSE ........cooiiiiiiiiiieeiiiieee e IBM PS/2-compatible
System SOftWare ... Windows, NT
Database ......oooiiiiiieee e Microsoft, Access

See separate WJ-8721 VXI HF Receiver Data Sheet
Trademarks: Windows, NT are registered trademark of Microsoft Corporation.
Microsoft, Access is registered trademark of Microsoft Corporation.



	Features
	System Controller
	DF Acquisition Unit (DAU)
	Antenna Switch Unit (ASU)
	System Architecture
	Superresolution Algorithm
	Specifications
	WJ-9012 System Rack Elevation
	WJ-9012 System Functional Block Diagram
	Options
	Stand-alone WJ-9012 Operation
	Netted WJ-9012 Operation



