Approved for public releasedistribution is unlimited.

Correlatel UV Throudh IR Signature
Modeling of Targes and Backgroung

Novembe 1998

Jom M. Stewart, Robet W. Goodwin,
MelindaK. Higgins and Ed M. Patterson

GTRI, GeagiaInstitute of Technology

Atlanta, GA 30332

Abstract

Simulatiors of the performane of multi-spectrasensos or multiple
sensos with dat fusion require phenomenologidaonsisteny in the target
and backgroun signaturs presentd to the sensors This pape describes
the incorporatian of ultraviolet signaturs of targets and background into
an engagemensimulatian framework. This pape emphasizs ultraviolet
phenomenolog and the signaturs of aircrat compare to fires lights, in-
dustrid sources and othe high enegy sourcesln particula, variation of the
source as a function of time, wavelengh and aspetangk is discussedas
thes variatiors may be critical to the discrimination of target from natural
and man-mae backgroun sources The organization of multiple data sets

representig the same objed in differert spectraregionsis also described
for usein simulations.
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1 Introduction

Traditionally GTSIMS missile flyout simulatiors have consiste of a mis-
sile, atarget and abackgroundBackground were compose primarily of natural
features sud as sky, wate, rocks roads fields and trees Thes features are gen-
erally adequad since mog infrared missiles have smal field of views, shot flight
times and upwad laund geometriesmaking the possibility of othea man made
objectin the backgroun low.

Undea the ATIRCM/CMWS progran we have been refining the capability
to ted opticd missile warning recevers (MWRS) as playess in closel loop sim-
ulations Opticd missile warning recevers employ sensos with a up to a4z sr
field of regard and these devices scan this field of regard for source tha match
the characteristis of threa missiles The large fields of regard of thes systems
alorg with therr neal to watcd the grourd for long periods of time translae to a
high probability tha man-mae object othe than the thred will be visible to the
MWR during asimulation.

Thred missilestypically have eneggetic plumesthat are brighte than most
naturd backgroun objects However, anumbe of comma objecs sud aslights,
fires aircrat plumeswelders pyrotechne flares bomts and othe weapors can a
be leag as enggetic as missile plumes As pat of the backgroundthes sources
can have two maja effects on the systens being tested First, they can caug false
posiives which redue pilot confidene in the system Second as clutter objects,
they can conceéthe true threat.

Inorde to properly ted systensin the presene of thee sourcesadatabase
of source was constructd from measurd data and predicive codes Franmework
was addel to the simulatian so that mary of thes source can be easiy addel to
the simulation.

This pape discusssflexibility provided by the modd framework, liststhe
backgroun and target source available in the simulation and discusss effortsto
modé specift sourceain the ultra-violet (UV) region of the spectrum.

2 Object Descriptions

Any objed in the simulatian that emits or interacs with radiatian from UV
throudh IR wavelengtlisis summarizd by avisible objed fil e which tells the sim-
ulation how to presemnthe objed to a differert sensos that are in the simulation.
The differert classs of sensos are mainly definel by their wavelengh characte



isticssuch as UV, nea IR, mid IR etc The classes also separat sensos that are
likely to resole the target with mary pixels and proces the resultirg spatia pat-
tem from sensos tha are never likely to resolhe the target Examples of resolved
and unresolve sourca in the simulatian are shown in figure 1.

Figure 1. An F-16 in full aftetourne shown as a resolvel infrared soure and an
unresolve UV source Range to target is approximatey 1Km. IR field of view
is 1.5 degrees arnd UV field of view is 100 degrees LOWTRAN 7 was usel for
IR atmospheaq effects and OSIC 7.0 was usel for UV effects Images have been
processé to show relevart features

Resolvel objecs requite inputs to the visible and infrared scere rendere,
GTVISIT. Thes inputs include facetel target geomety files, suface tempera-
tures suiface opticd propertiesplume flowfields, and matchirg atmosphen pa-
rametersThe GTVISIT softwae isdescribe in [1].

For unresolve object one of the mod importart cues is the signature
variation verses time. To a senso, an objects temporéa variation depend on its
inherern tempora signatureits change in location with respet to the sensg, its
change in orientation and change in spectrdoutpu that change the atmospheric
transmittane from the soure to the senso. For shot wavelengths the scatter
patten tha reachs the senso can also be an importart detal and it is dependent
on the objects spatia distribution as well as atmosphen properties.

In orde to represehead of thes aspectsthe radiart intensily of the point
object J is dependenon two aspet angles 6 ard ¢, time, t, altitude a, and
velocity v. In the simulatian the radiar intensiy of a sour@ can be expressd as
the produd of multipliers shown below



J(A,0,¢,t,6t,a,v) = St (A, 1) IM)AG, p)P(@)V (V) (1)

where A9, ¢) isan aspetangkfunction tha definestherelaive magnituck of the
soure viewed from differert angles P(a) is a multiplier dependenon altitude
and V (v) isamultiplier dependenon velocity. The spectrémultiplier, Sg (A, 51)
defines the portion of J(t) tha isdistributed betwee A and A + §A.

fAHM SOy da .
Jimax S()da

where S()) isaspectradistribution function and Ay and Amax are the minimum
and maximun wavelengtts in the point signatue definition.

In the cases where the signatue can be defined as a sum of products,
the functiors in equatian 1 are input as a series of ASCII tables The ASCII
tables are generaly smal ard loop construcs are provided to play badk peri-
odic sources When there is coupling betwea the functions and entire table of
J(X, 0, ¢,t,6t, a, v) values can be enterel directly as abinaly table which isen-
codel for portability acros machines.

St (h, 81) =

Class Specifc Examples

Flares M206, MJU7A/B, MJU10, MJU8B, MK46,

MJuU47, MJU48 XM212, LUU2B

Fires Diesel gasolinewood JP-8

Lights High intensiy dischage and quark tungste halogen
Welders | Stick welders gastungsta arc welders

Aircraft F-16 Prat and Whitney F100 and GE 110 EnginesF15
Munitions | m57c02 m57c08 m57c1Q m831al m865e3,

m934 mk82 mk83 mk84

Table 1: List of point source available to the simulation

Source tha are included in the simulatian are listed in table 1. The muni-
tions signaturs are contributed by SciTec and are visible only in the UV portion
of the simulation.



3 Trajectoriesand Simulation Geometry

Anothe cue for the discriminatian of unresolve source is motion Ob-
jects can be eliminated from consideratiaif predictiors of their velocitiesare too
high or too low. Othe motion cues can be obtainal from predictiors of object
direction relatve to the senso.

In the simulatian object trajectories originate from one of two places.
Missiles sone aircraft and counte measue flare trajectories are producs of the
closal loop simulations In thes casesan initialization phag communicatsin-
formation in the visible objed fil e to executabls tha nedl it to generag¢ imagery
for a particula senso. Once the initialization is complete position and orien-
tation update are sert as they are required Othe backgroun objecs also also
associaté with motion Examples are rotating navigation beaconsillumination
flareslikethe LUU2B, and source on missilesor othe aircrat not involved in the
closel loop portion of the simulation For thes source a simulatian objed was
addel to read alist of point source and broadcasthe initialization and kinematic
updat messagefor ead source The point sour@ manage uses a cubic spline
fit to trajectoly data for position and orientation updates.

Figure 2: Billboard with Metd Halide Lamp in the visible, UV and UV temporal
trace One damaged lamp ard its reflectian is visible in the UV image collected
by the MWIP progran [3].

As mentionel above changg in relaive positiors of the senso and object
changsthe apparehtemporatrace see by thesensao. Thismodulation primarily
resuls from range squard fall off and change in atmospheng transmissia with
range Anothe soure of trajectoy related modulation islocd obscuratio of the
source Figure 2 demonstrateacomma exampk of thisphenomenaA damaged



metd halidelampilluminatesabillboard From oneside of thebillboard, thelamp
ard itsreflectian are clearly visibe, but neithe are visible from the opsiie side.
The GTVISIT softwake keeys track of sonme obstructiors betwea sensors

and the target but this technigwe is nat generaly applicabé for missile warning
recaver applicatiors becausthe large areavisible in the warning recever field of
view and a smal face size needé to redue surface errar nea the soure@ require
too mary faces for practica renderirg times For geometrig involving walls or
rectangula enclosuresa utility is provided to compug obstruction and diffuse
reflection The outpu of the utility is an aspetangke dependenefunction which
can be addel to the point signatue file. Figure 3 demonstratea fly over of the
from an the bad of asimulatel billboard illuminated by a single lamp. When the
senso approachefrom the back it never directly sees the lamp or the reflection.
As aresult the recordel signd decreasgas the senso apporache becaus the
billboard blocks a larger portion of the scatterd light from the source.

uuuuu

Figure 3: Senso outpu when approachig the billboard from the front and the
back Thesensoispointel forward and passe 40 metes abowe the source Initial
range is 500 meters

The tempora characteristis of the lamp usal in this example come from ex-
amination of Metd Halide and Merculy Vapa lamps measurd unde MWIPS
ard by the CMWS program Baseal on these measurements fit for the radiant
intensiy of the lamp is defined

sin (andiﬁ> ) (t — ﬁ) (3)

Wher } is the ped intensiy of the lamp output N is the sampe rate
in samples/secwq = w/D wher o is the power line frequerty in Hz and D




isaduty cycle facta. §() is the Dirac delta function andi < N/2. The tem-
pord distan@ betwea lamp pulsesis 1/2» and the width of the pulses at zero
amplituce is 1/2wq. In sonme casesthe resulting time sequene is filtered with
aasingle time constanfilter 3. The pe& radiar intensiy is a function of lamp
wattage and construction Magnitudes for intensily and spectrdoutpu are taken
from measuremestard reference on UV light outpu sud as [4].

Since the lamps are small they are also treatel as point source in the in-
frared The primaty sour@ of outpu from the IR lamps was assumd to be emis-
sion from the glass bulbs, heatel fixtures and filamens of quarz lamps Steady
staetherma analyss was performel to predid average temperatureof lamps In
the ca® of the 400 Watt metd halide lamp on the billboard, abou half of the en-
ergy usa by the lamp is disipatel by hed [5]. The spectradistribution functions
usel by the modd are shown in figure 4.

Wavelength nm

Figure 4: UV and IR normalizel spectré outpu of Metd Halide lamp
ard enclosure The IR spectais a gray body specta compute from bulb and
lamp temperatureThe UV spectais from a SylvaniaMetalard M digitized from
Sliney [4]

4 Aircraft Signatures

For aircrat mountel UV sensorsafteburness are of specid intere$ for
two reasonsFirst, they can generag a large quantiy of UV radiatian which can
interfere with the operatia on boad sensorsSecondas fag moving combustion
sourcesthey can cau® false positves.

Modeling in this area startel with extensve grourd measuremestof F-
16 and F-15 aircrat at Eglin AFB [7] [6]. The® measuremestincludel corre-



lated IR and UV measuremestout only conside the aircrat operatiry tied to the
grourd at sealevel. Additiond fixed wing measuremestat 10Kft were mace of

aftetburness and countermeaseflares usinga CMWS prototype [8]. Whilethese
measuremestwvere not well calibratedthey include TSA and provide sone use-
ful bound on UV signatures.

Becaus the data set usel for the PFAS aftelburneg modesk are limited,
it is usefu to compae the outpu of radiatve plume modek like SPF-111[9] /
SPURC[D]. If the modd predictiors agree with the measurd signaturesthey
can be usal to provide guidane for the scalirg of plume signaturs to the opera-
tiond velocities and altitudes not measurd during the grourd test The compa-
ison is alwo usefu becaus the infrared signaturs in the simulaitan were already
dependenon radiatve plume models If the modéd could use the sane inputs to
accurate} predid the plume signatue in both regions confidene in the model
would be increased.

Sinee SPF-Il and SPURC had not been utilized to modéd aircrat after-
burne plumes at the wavelengtls of interest the capabilities and limitations of
the modeb were evaluatel to provide informatian on the sensitvity of the models
to changsin parametesand inputs.

Our approat was to compae the predictel specta and plume size us-
ing the sane inputs for both the infrared and UV portiors of the spectrum to the
grourd data collectal at Eglin. The detaik of the code analyss are beyond the
scope of this pape, but their was goad agreemenof mode predictiors to mea-
sura infrared and UV plume lengtts and overal radiart intensities This agree-
mert required some changsto the turbulene modd in SPF-1I and some changes
to the plume chemesty modd in SPURC [11]. The infrared specta also agreed
well, but the UV specta did nat as the modd predict a color temperatue that
was significanty lower than the data suggest.

The primaty soure of UV photorsin aftetburning plumes is chemilumi-
nescehemissia from CO + O resultirg from the oxidation of sod in the plume.
The code was tracal to fundamenthCO + O emissiam properties reportel in [12]
and the code was found to be making predictiors consistahwith this data.

Baseal on the goad matd to UV radiart intensiy and plume sizg the UV
outpu from the modé was usal formulate atables for altitude and velocity scale-
ing functiors P(a) and V (v). The spectradistribution and aspet angk factors
were retainel from measurd data Afterburne signature with steay stat and
stat up transiens are included in the database.
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Conclusion

This pape outines the developmen of aUV signatue databas of emitters

that matdh IR emittessin a closed loop simulation.
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