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1 A METHOD AND SYSTEM FOR MEASURI NG FLARE DI SPERSI ON
FI ELD OF | NVENTI ON 5 Enbodi nents of the present
i nvention provide a nethod and system for neasuring
t he di spersion characteristics of a counterneasure
flare |l aunched froma counterneasure flare |auncher.
10 BACKGROUND Heat seeking missiles are used to shoot
down aircraft. The m ssiles have a seeker head that
focuses on a heat signaturd of the aircraft engines to
direct the mssile to the engine prior to detonation.
15 pmsfmbmm%fm FORSMEARURINGCFORRE IS PENSIAN
heat seeking mssiles Is the use of counterneasure
flares. A counterneasure flare dispenser/launcher is
attached to an outside surface of an aircraft.
Counterneasure flares are fired fromthe flare
FIEHDOQRE INENTIAMcher when the | aunch of a heat seeking

Eml%tﬁﬁu'ehf% df%h@%?&‘éh?ﬁweﬂ_t;% %Jo@fd@sa rr%ﬂ{dal d %{ﬁ‘f@lﬂﬁblh?n%gsurmg

enperat ure, ' causi n eat seeking m ssi
thet QF@@[S'Qmechafmt@”St@ﬁd of 2@ rpeuniermeasurecr fgre  dawgichess . from  a

couteAREIRUEL MRCI4URHAL | on provi ded w th nost
- counterneasure flare systens provides installation

instructions that only focus on the optiml |auncher
installation locations to |aunch a flare and def eat

| e. However, it is possible that the
BA%R?{)@@% £l are 25 may contact the body of the
Heatbsakirafrhissilek at'ehe?]ddil 16 RO &¥dwh E&g@ft whe ﬁ’f'béﬂélé ﬁévest—‘éééker head
contacts t e ak rat 0 ere etot
that e5uses, 57 ngo! Filie 3 bR aneRgAdne: KRehneanaeig o e snaine
prior iopletonatient in the art if a nmethod and system coul d be
found to overcone the probl em di scussed above. 30 2

SUVWARY One aspect of the present invention provides a
Onentetimpdbgyfthatdiasr rieni degelapell &pdafeatdrat sdekirgohissilestis ¢heofise of
I hed e
couﬁeﬁnl]é%rsﬁre ﬁé@% & ?éJn?énngF&ﬁ‘#g%rﬁéc ﬁl‘sﬁér{}gﬁ &elg % 9tt%(fhed to an
OUtSFdearSEléaCfer @fn arh @!rb@(ﬁnc Hesuntermpasure nﬂ;lras are afired oftemi theg dare

dlSpr'lSéﬂ%Eﬁbrql?he?]aﬂhg 18 rieh & tlyea? e%l i ffssllS IGEAEE  Fhe Hares

luralit caneras; using
burn at a very hlgh temperature, causing the heat seeking missile to target the flare, and

not the aircraft engines.

Standard documentation provided with most countermeasure flare systems provides
installation instructions that only focus on the optimal launcher installation locations to
launch a flare and defeat the missile. However, it is possible that the dispensed flare
may contact the body of the aircraft. If the dispensed flare, which burns very hot,
contacts the aircraft body, severe damage to the aircraft may result.

Therefore, it would be a great improvement in the art if a method and system could be
found to overcome the problem discussed above.
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captured i mages, calculating a dispersion angle for

each of the plurality of flares to determ ne the

di spersion characteristic. In alternate enbodi nents,

wherei n the dispersion angle can be neasured froma

10 centerline of a right circular cone having the

| auncher at an apex of said cone, and the dispersion

characteristic may be a m ni mrum saf e di spersion angl e.

The capturing step may furd her conprise providing a
suf, pﬂﬂ; board perpendicular to a field of viewfor

each of said caneras. The target board may have a
One: aensict of ther preserdtineantion Phevidega matln@:l of egtemaipinguar tispersion

cha fs'hé of F%?é 'IaQ:'ﬂbH%j fomh i%hnﬁﬁér fre t h% cq%?pnszng the steps

gona to sal cente
of. éaw&ﬂnnﬁ@wplyrailtm@f fleses fiemrige éatmhmyaapwmg @t lesshrpné wage of

each aéfcéﬂlétpillﬂﬂhtyaoff fidreé Rifes 8hcl 'o?taaﬁigl?alﬁﬁﬁ%? léra?ngarég q!igmg said

sai d | auncher; calculating a secon I st an

capiysed (iages; Falsiietieg é'é?lﬁﬁeé%;'f)ﬂ anglgrfar paeh of bei MQraatyqurﬂ@fes to

detdIAifRS elmfchdod charbgferigds. fiel d of view and a second
camera having a second field of view at the first and

s_econd offs_et d! st ances; wher ei n_the first and se_cond
In aitembtﬂaSembodlm@msj whersieahe diEpersidr bAgleddsh BeGABELUEE M a

al t h ot Th t f
conrt 4 P o B39 e G 5k o, an
the lnispeesibnr chedadierdstic mayt he 4 im@imurhi &ifd dikparsiov, ahdfe. The
capﬁﬁ'ﬁggg?pzrég%amer 5\é6r% rlse fc'o ggégaz'get doa{o{j] gem%gﬁfgélsééwgg gleld
of vigw deit eaclt ef sdldsmenaen Ehartargee bbardi maydiaviehe checkerboard
pattbfﬁu ”Fﬁkefr:mf)tbrrhagg @E(raméj P?#‘E?E&“ngg%og‘#éﬁg%‘é e%&e?f{qéearié tameras
oﬂhpgmeélyt@a@drqenmlgm on the target board, the second

camera may capture a 30 second inage of each of the

flares superinposed on the target board, and the step
In ofhier aliaraale fmbegiments. thesgrntuingrstapay frdher caroprise: caloulating

a filsP LS istdric8 'YPLadred fRAS akf IaFulﬂeh‘%L rc%tcu!afﬁrlgt 3%?&% offset

|na es to aﬁp0|nt u3|n each trans I rst

d'st%ﬂﬁ? ragaytied ey e Cec”@feh% andRasitigningt & it camers hayieg a first
fleldoﬂft de® atd btb’ﬁcoh@rcﬁﬁ‘fer@%fliﬁg 4 BEcord fidld! of Vv &k thROffst and
8§§S|H§ned or og}ﬂl{_ﬁytothe cone at the first
SGCQH‘# R0fFGe W §F abd sgeakhiclds opuiew: ipiersary dhe
f‘rstbmnedemat ﬂ@ld@gﬁr\demahay t:lel’loﬂlﬁdyﬂnamtc? %a&ﬁt&her The step of
ne, e _capturl step nma urt her
calcfERES M AIS anst SRR o Pati i he bebater BEFa b e firs
fieldt bie viea) rthé execonadhdiepb sf vlewni sghatter speed of the first and second
cameras, a maximum speed of the flares and an estimated dispersion characteristic
of the launcher.

In other alternate embodiments, the first camera may capture a first image of each
of the flares superimposed on the target board, the second camera may capture a
second image of each of the flares superimposed on the target board, and the step
of calculating the dispersion angle may further comprise: translating each of the first
and second images to a point; using each of the translated first and second images
to map a coordinate of the flare onto a virtual target board, the virtual target board
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third canera having a third field of view and a fourth
canera having a fourth field of view at the second
and third of fset distances; wherein the third and
fourth fields of viewintersect. The third and fourth
fields of view may be orthogonal to each other. The
step of calculating the third offset distance nay be
performed based on the third 10 field of view, the
fourth field of view a shidter speed of the third and

posﬁtBHé& Q}rﬁlgggﬁﬁlg to the %ﬁ % AR LRkt BE%nﬁL AL &P R0 aﬁ“b the

estimate ersion C arac rrstic o [faunc

dispgisign eaglgdased opdice cedrdingte. pr esent i nvention provi des

a systemfor determining a 15 di spersion
characteristic of a flare | aunched from a | auncher,
In offier s pleraatec RPIUMBRtS. thef CABIUNAG d Steps soh furhere cemprise:

calcﬁﬂ’eﬁhgoé thiRe offédtsdistanee %@é‘a@[]ﬁédcf-?&ﬁrﬁé IBQﬁéHe'r Ofe BQtlonmg a
ure at | east T?ne i nage of each of a plural |P

thirg PSS PSR AAT ROl HEW FEtLR GG CHREAIAYINg b fourth f "feld of

view aptmar SskondegRSthad e:.ﬂuéteastaacésalvméréah%a thikc BRd FduPih felds of
flares to determn

e for of, th
vie {3 pep et Biro A, e el ot i, b1 rkagral To Sach other.
Thees‘dam df calauisting the thirds pitses didareghsy bapelernigidsased dnfthe fAird

o S il By U G B0 B B s e

a mexinuo tspeied taf dhediarése and @nnestiomatsd fdéspersiqre charantedistid of the
laundhgr System nay further conprise a target board

p03| ‘tioned perpendicular to a field of view for each

of the 25 caneras. The target board may have a
An Qﬁ&ﬁgfér Q&?é’gg of’“'l'ﬁé EFéqsenE hﬁeﬁfi&'ﬁér&mré‘s %?ﬁh%?\ﬁ%t&mmmg a

first firel Vi e second canera xay

dispgstien gharpeledstis oha Bare launehed fient a jayncherd theceysiain comprising:
a i8R 35 sEBEOhPERSE! 'éb@l'i‘%‘F' te i ;dnﬁséecghél Q%be‘#é§ba'£]ﬁ&1ed to

measured fromthe [auncher an secon

capiire tnleasthea’ umager porpethef a olirality | efeflaresclundhed frea the
laurfdheB twidreinIRE @8 uf'écﬁinﬁ’ébe@farwugéﬂ 't@EQIE:ﬁﬁfé a dﬂb%rsﬁérf Shgle for

caB R st e T oS hei B A,

Enbodi ments of the invention will be bet ter under st ood

i el BB 6 B el sl B e m Bprine
of aenghtplreulaScard yaviay thel Iaum abah iapex \uf lﬁ’e t‘.di‘r% drieswisgérsion
crabfbs B b4 Fupobl] E5b' 7RGl 3 2tom may e
comprise a target board positioned perpendicular to a field of view for each of the
cameras. The target board may have a checkerboard pattern. The first camera
may have a first field of view, the second camera may have a second field -of view,
and the first and second cameras may be positioned at a first offset distance
measured from the launcher and a second offset distance measured from the
centreline; such that the first and second fields of view intersect. The first and
second fields of view may be orthogonal to each other.
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according to one enbodi nent of the present invention;
10 Figure 2 illustrates a perspective view of one
enbodi ment of a systemused to performthe nethod of
Figure 1; Figure 3 illustrates a side view of a
diagramillustrating a potential intersecting field
of view between the caneras and the | auncher
illustrated in Figure 2; 15 Figure 4a shows a draw ng
illustrating one nmethod of 4calculating a grid square
j strated in Figure 2;
BR@FZ%IF:%&%EJP-F\H%P& Hﬁ?ﬁ%”##ust rati ng one net hod of
cal culating a horizontal 20 displacenent error for

Emﬁ&ﬁm@ﬁ@%fr{ %eﬁh&fm g@bet@rq}ﬁrdggﬁ 6& Lpid-at I)‘?e gpﬁarent to one

emat i c poSi t |
of ordjpary qullh@ntbe @rﬁbiromstbgé@lmwottely dasqunugneby way @f ekample
onE} BRd fir é’érﬁuhﬁmﬁ@ﬁﬁ%ﬁ@@r&%ﬁh%@ il YRichyst em of Figure 2; 25
Figure 6 illustrates a schematlc di agramfor mapping a
flare position in three dinensional space when nore

FigirBan iMitratdsn@fe Ghefnda éf éét%rrhﬁurlfgﬂabg%@g?lggérgﬁpgggaéactenshc

stem of Figure 2; Figure 7a
accﬂ%metoé’t"et%g%cpﬁ"?'étfcgrt 8@591‘?{@"9%"% he system of

Figure 2; 30 Figure 7b illustrates a target pl ane at

erence lipe for the syst

FigdsS % Al EeS & Hersreeie (B A Sapyambooimeatl of Resystem 84 to
perfdirs trenmethcdssfdigumé dd with the target planes of

Figures 7a and 7b. 5 DETAI LED DESCRI PTI ON Thr oughout

the follow ng discussion, the terns "counterneasure
Figure & dusteales beside dnd of 'acdiagtaen iteatating 4 patentidli infeeseting field

e to the

of vt et Pt B et 26 SRRRRhsher Blsybelh PR L o ¢ T ha

specific device fromwhich the counterneasure flares

FlgLﬁ-é QaféH' -a dfhwh h?’u %)tlg%aéﬂesmlé%%l ch Sué’cﬂﬁ%tﬁé% élh:%qdans size

[ are |s enser osi tione
fm%‘ﬁﬁﬁ!l’?@ér Wlapteadedim 'ﬁ@'ﬂr sntact the aircraft body. To
effectively position the flare dispenser, the
. dispersion characteristics of the flare [auncher nust -
Figuse ¥hSiRws agtrapingc diupiyatingn engii wpthodi oh calayptingfa trezontal
displatieRfhe errbl RF e dradingtst Fiflre gl ned. Current

-Figure 5 illustrates a schematic diagram for mapping a flare position in three dimensional

space when only a single image of the flare is captured using the system of Figure 2;

Figure 6 illustrates a schematic diagram for mapping a flare position in three dimensional

‘space when more than one image of the flare is captured using the system of Figure 2;

Figure 7a illustrates a target plane at the 3m reference line for the system of Figure 2;

Figure 7b illustrates a target plane at the 6m reference line for the system of Figure 2;
and
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15 flare manufacturers do not provide this information
as part of the docunentation that acconpanies the
flare di spenser. Enbodi nents of the present invention
provi de a nmethod, designated generally as reference
nunmeral 100 in Figure 1, for determ ning a dispersion
characteristic of a 20 counterneasure flare | aunched
froma flare | auncher. The method 100 can include a
step for launching a plurality of flares fron1the
Flgdr@l?e ﬁlﬂ@ﬁate?ﬁesatﬁal\.’ﬁgr %Muotr Iteheg? Ii ? cr:]Cseass gﬁg éVéth il?o tg aqgg plsl{aes of
ng%%7®9@déblty of flares usi ng each of a plurality of
caneras, as shown with reference nuneral 104. Then,
usi ng the captured i mages, calculating a dispersion
angle for each of the 25 plurality flares to determ ne

DE'tA]gEdj peeCRIPTIoONar acteristic of the flare di spenser,
shown with reference nuneral 106. Specific details

%‘&WQF enfgllawing dissygsian. ihe ferms “cpurdoimrasurefiarg laynchgy @nd
couﬁateﬁﬂda%tjfeaﬂeeéd enssrbarli ﬁaemeoﬂhtea? é%ﬂ( ﬂﬁ%fﬁf&%@gto the
ne ce ner a used
ter n?ﬁ%‘l‘réc% ariia® ferf SFPeoeciod %aé%#@t ipeeﬁ%dwfé?mmh the
countermeaswet fldesaré fimde di spenser 202 nounted on a
support 204. A plurality of canmeras 206a-d (206b not

shown, but see Figure 3), nounted on one or nore
The @pplmaatsj Hags rec2g@izechthat Ipeﬂiatei dispetisérane pé positichadisily that the
e thicR o B0 kpRaPl, SR R0 | PO 6008y SRR ar
dispphetedise ntgsmnﬁion ebaractdristidsatof othe fiared lduacitiet musi e khewn.
r C I n
Spegf (%ﬂ?at‘ﬁbar J%Pﬁt{)rggﬁggé ?FB‘I ]%ur?éhe& I?I%r% @é&a%b&&g msiged 4Current
ﬂaref BRNyTRetuTeTR ge 1ok amvmeetblswformetsommarapf msdo@mamtanha that

accoflsBE tark ldishahdeat ed in Figure 2, the target board
210 1s di v?detljéﬁl nto four segnents, 210a opposite

canmera 206a, 210b opposite canera 206b (Figure 3),

E b%&Qﬁer@@l&f’%é BARERTerRAC
060 Seqmonte 2104 aﬁ%ﬁ %:?gge ﬁ%t%gﬂfﬁaméﬁera"y as

refofRepE RIS 1] CEOHS b fo5 SELEFmIeD pisisressien syarzoterisfie of a

courit@rrh@asied fare2@dnchali frotn SEHIE U cRAO bR phethddth 0o éﬁﬁ @Riude
respect to

2 st i G WHB 2 RrFGRETPS 5591 DeRUer T SO Wb tetesoe
numatdl 02. fiite eas sieh i& taosRord atdesktameamaby of eact BEthe plurality
of ﬂac'rggtugmgze%%h olfta pIL‘T’raHydﬂ:grtn%Pads talg ashown wﬁhq'eFerence numeral 104,
Then, using the captured images, calculating a dispersion angle for each of the
plurality flares to determine the dispersion characteristic of the flare dispenser, as
shown with reference numeral 106. Specific details concerning these steps will be
provided below.

Figure 2 illustrates one embodiment of a system, designated generally as reference
numeral 200, used to implement the method 100 of Figure 1. The system 200 can
include a flare dispenser 202 mounted on a support 204. A plurality of cameras
206a-d (206b not shown, but see Figure 3), mounted on one or more camera jigs
208, are positioned to capture an image of a flare (not shown) launched from the
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target board 210, or a target board 210 divided into
any nunber of sections, can also be used w thout
departing-fromthe scope of the enbodinent. In the 15
enbodi ment illustrated in Figure 2, the target board
210 is divided into a checkerboard pattern of grid
squares 212. A three neter line 214 and a six neter
line 216, as neasured fromthe di spenser 202, are

al so shown in Figure 2. Th@se will be discussed in

dlsq%?lggr %%al g'hogmb%q]lmgggsh t% %&ﬁ%ﬂ? 2 %%ggler greg:];rg{cc?e%mg and the
calcutatiges ubedital d2te@minknthe ispeesibo dhamteristideeof tharfiare dispenser
202dé %ﬁﬁ@ft‘? EI % S ? @%@dgh MfeS ) g%%?&ﬁbdafor ﬁ%%t%{ggé ggptBIed by the

Ca"lﬂﬁ@ﬁa?@ﬁ ood that the flare dispenser could be
positioned along a line other than the centerline. In

this enbodi ment, the centerline (not shown) of a
In the grbodimentlillustratsden tFiguree tha darget beardh1026 dividedt ige four

segri@Atsa 38 ok Nelpolns ctth%ré %Qh@‘l 02 Qppditd Eﬁm@P‘ﬁéOG@ (thure 3),

ort hogonal to each reference |ines

210¢ 98B t?eﬁmﬂ?rm%?@ﬁa@fie?& erPHﬂ‘JélS*? gamery 2R6¢: a%%eragntgé’éaa ‘and
2102046vigan hertichrrstsrentd Roerapalvin Fé%pé@tf & %C@aﬂnb% 238-and

launshen 204, e SEaTeRts S8 e LB gBHEPT ey SR surtace

withZ@6pkect T érxecameriat i208analr lauigty i202d The divisisn aEBaibneeBtallow
I t1ons

csionplif I 30 fl
or by ALY b5 R00 0085 2 e AR EPP T S e
targéts bowﬂo@lﬁstomcajtargaitbcmmy 24 0rdividednintd aofy manissras s2@fions, can

also tﬂ@t u@éc& Q:Wchoﬁt dgglat't{r)'l | ﬁ'ohwn?tgee cglé? eér# gﬁgl ‘?’1%6@{& t]CI 3h € the

be acquired C used in sy
emt@xlgnmteﬁlugtfrated him Eidurel 2t itbestasget poaridt QOﬂsnsaldended into a

che@{cPNo 418 aﬁg,l{-,q#lf/lgngsqﬁg,resgqg purpose of discussion, the

Irectl are ‘trav is the Y axis, the
hori zontal target boards 210b, 210d lie in the XY

A thPé@Rfsterdfit ﬁjﬂ'-? aM§ rat &if %eténaﬁr‘i’ee b1 baa h‘%%sgﬂeg%org 1€ dlspBnser

in the ZY pl ane. i's_understood t
20236y e gheyn i E'gyrqﬂovﬂ@éa Wit berdigcussgdinomoemdetail below. A

flaredu‘éﬁét%@r P&ferddcB9ihe ABNLISABIA oY 843 Bedhidht 3188-f the target
@rs]gﬁi E"r ne enbodi nent, the dispersion
boa Qct ihis embogimete the AAE CISPRBRRIGTeTERS et (2dBeare a

- centdrimRadfE2th %@ﬂaé’!@fgét BOEFASETH D YHEWER NP i@&r‘dérétb@d"‘tﬁét d@0flare

ured . through t airs of 10 canmeras 20
d'SpQB%H %‘ﬂﬁ %@Pg't'%%‘g a?ﬂ%hﬁt e (ﬂﬂi'?foﬁ@l'?ameycﬁ'tteﬂ'"ﬁ néRthis
emmsnanpmembn&mmdoﬁmowmm hhtightitircquensehe 22 exloMBg @Bm the

| Iaun%ii}grt H2S nc? ¥hat’t has % { E\uﬁ 20% qE{saeic’pe():(G}Q ortnogonal to each of the

reference lines 218. In the embodiment illustrated in Figure 2, the cameras 206a-

- 206d can be placed orthogonally to reference line 218. Similarly, camera 206a can

be orthogonal to camera 206b, while camera 206¢ can be orthogonal to camera
206d. These positions are provided in this embodiment to simplify the calculations

~of the flare positions as the flares are launched from the dispenser 202. It is

understood that any arrangement of cameras 206 that allow for multiple images of
the dispensed flare to be acquired can be used in system 200. Specific examples of
the calculations and positions are provided below.
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be digitized and anal yzed. In order to capture the

i mges of the flares (step 104, Figure 1), there are

a nunber of factors that nust be considered in the

set-up of system 200. These factors can include: 15

a. Determining the point of interest for canera

pl acenent. b. Determning the Field of View (FOV) of

the cameras. c. Determning the distance of the canera

jigs fromthe Trajectory Pdth. d. Determning the

size of the target board. 20 These four factors are

all inter-related, based on the type of canera(s) 206
Forttheppurpass] of adiscuskions flee dligttion ef f flage eteavieh s dhe dY faoden the
hor&@ﬁaldta? ﬁ@érd@%Ob' D168 GieCHHR R Zgzﬁgp@dér'ﬁa%e ygttical target

di scussed herein, the d di spenser

boasisy ¢ M 24P e e 2Y wlane g sadérsipod Bhatthess ceordinates are

proVidéd for thé shie bNEsdist @i@guéshﬁht DiHet RBXINAL sPEEBRRNERY alk§ be
rovi ded 25 by way of exanple only, in ordér to

US€Henonstrate the nethod 100. The nethod 100 can be
used with any type of flare dispenser 202. The payl oad

i off D3Pl dhe CBUBRAT e oL o PR s e
dispeasst 20 weké ﬂalﬁeh$yft¥|gwlﬁﬁr|<ettﬂyﬁrdﬁi dideo E:@pt&@d ngtagr; fhe zo p&irs of
V, a s es ee (0]
camBPR'00a 020 3na 2166, 2BB0. P ov T pENRENER AR Tea” Jitgnce of 3m
and Gantrorashe Gi6persed202) Infdges eapincidnBnthe arthogmahtamérde kan then

be @Ee’é%@ld%ﬁl%l&%d I?§Cc}rdé°‘l'<§) 9 \}mé{%qhé egto'f 1 é’l%ﬁalsﬂrgtrep1 4 Flpure

e a ve I Ca nta
1), thergl ate agfumkieswf tactcog trrat st be dolaresipetbe iseelipy/of system 200.

Theé&%@%@@ﬁn‘%ﬁ&udépec' fications), which provides 8 the
I nput for factor "b" above. The caneras 206 have a

maxi mum shutter speed of 1/100,000 of a second. In

thg, di S%{%ﬁhﬂmgtth@bmfwf%f'nﬁ%st @P%adﬁr?rﬁgfa%é meftd are

operat ed wth frane rate nes per second.

It bis uF?B@FQt”E\Sth higld iy (RQPof thefcamam@s-as  havi ng

di &f er embta&hmtr@qn@e@taﬁc@ Bﬂh@%&r%#aﬁfgb GOmMQRE TAljcRor) Path.
used Likewi se, while Figure 2 Mustrates two pairs

of dcane ﬁ?rrﬂﬂ?@gtﬁ%ﬁ'ée%@eﬁ%thoé%t ed a first distance
fromthe |auncher 202, and 206c, 206d | ocated a

AR LN QR WM NPT
and othe $p@ied «ff theaﬂ@'baSIalﬂ%ed Srdigethe dispenser 202. In the example
embodiment discussed herein, the dispenser 202 is a 1"X2"X8" payload dispenser. It
launches a 1" by 2" by 8" flare. It is understood that this payload dispenser is provided
by way of example only, in order to demonstrate the method 100. The method 100 can
be used with any type of flare dispenser 202. The payload dispenser 202 launches the
flares at a speed of 25 to 60 meters per second (m/s), depending on the charge used to
fire the flares. In order to account for the above factors, the fastest anticipated speed of
60 m/s is used as an initial reference speed.

The cameras 206 used in this embodiment are Sekai Models RSC-A90 and/or RSC-
A100 high resolution color cameras. The cameras provide a vertical and horizontal field
of view (FOV) of 44° and 56° respectively (manufacturer specifications), which provides



10

15

20

25

30

setting up and conducting the test can be an expensive
proposition, the use of two pairs of caneras provides
redundancy in the calculations. 10 In order to begin
the calculations to determne factors a, ¢, and d
above, it is desirable to provide a base reference as
to the probable half cone dispersion area for the

di spenser 202. A base reference of 15 degrees was
chosen. It is understood tﬁat other initial base

. d L]l e
the gi%gjg fqg‘ggcgtcs)rgﬁ %.'Fé\t/eer Sl"h}e ocang F%S 5g§sﬁwﬁaena rﬁé%gwa $hél.?tgin speed of

Acco
1109090eaf & sreondurdn e disdussientthitdfollavesathedcanaras 286 rare operated
wﬂhdel ﬁérﬁé‘?aq ¥ mr%rﬂg?‘rf:&aée% her Mhéoﬂc%bé&o%qﬁétabthérq*/pes of cameras
|on and aun
havmatdéﬁem phetegreplic charapigristisn camalge b@fuseche Likewise,gvifiledrigure 2
illusir§te§ AR YaRE of ASmemE ©0B0YSEY aflk 2661 ﬁs%gted fcﬁf irsf ﬁgfangé from the

cal cul ations, the assumed trajectory

launghey; 202 @pd 3R5¢. MO6Hdperied Boweard a§ta|né¢ é'p@ntbe Iawn@eez@ it is

und&%&@ﬂttha’ﬂtﬂlé/meﬂhbd 8 bﬁ'dt‘&ﬂrc@@bvﬂﬁ onlgfonla 'E:taﬁroeéémél%g 206. Since
i on, e caner as wi | |

Se“'f‘ﬂf’BFQQ&P'%MB”Q 8 Jestcar gP@Hc‘*‘é‘P%‘?ﬁ RreRosftion. ‘&Péﬁ%%w’ pairs

of cafigras brovitled esduh@ardyfie el caRlupatie@pt ure the di spersion
characteristics, the caneras 206 were placed, at equal
intervals of 3mand 6mrespectively (lines 214, 216

In owler féi kgpgireth@ palcillblichsde dbeaminb Eadiore Bad, land @t abidpe tibis HQSIB:mle to

h h
proviife & BesH Terdrdndotas 895 BoB3e kB kot ASHarkibh BleaToltne Gibppser

202y Adase cdgregremtfel® dpgremsatdsychaser. df isuederstond that atheBDRial base

retefngs BRETGEYS PO prodl A8y b WGBS S0t ng

t he base reference cone 304 for the dispenser 202. The

AccHRBR20iIRE ‘Bagn@fgaRshe, ﬁf?@%mm%lﬁ)st MBsi 108 %%%rtain

an angle 303 Li kew se reference cone
distange faornathﬁ trairson rigitle (GUBeragito Fasatieon)eandt from thedauncher 202

(pmﬁler?\'rﬁéHé@t)'tb Néhsurel $hatAn Fhage dr Einé)\ﬁ?owrfd”ﬂa@% ESNEFS As

used in this enbodj ment’ the angles 303b and 303d

pfe\'éc?l@'ss@%?e@?e@esfor \Fseeot salcHiztiens o asrymeds disiqatory spath is
proldétgﬁ ®A%he &rgé’chﬁ)alrdlg @5 Eef-fér"eh@é‘ lifd 24 @eEE@ﬁtéﬂﬁ Q\t\éﬂnﬁl RyiveSoint

frg? reference cg IQS efs alin o
of Indpiest apg FamerRiig i B ROV ol the cArTaso 366 iy ftgreget the
bas® asfersriiee tems dorC GRE ddPénsdi pORICER ardel BE efdblively Bﬁure the
q 308 and 3 pr.esent th dest a |C|patedfl gn

1sp8rsgnﬁne?'}|§r ns{5 Ene e(rﬁg é/\fere p|a§g§ At-eqyallpt f and
6m mepdatival{ Ainek 2148214 of. Figure @).dThists@ales the overall set-up to be 8m X
5m. It is understood that other intervals from the dispenser can be used.

Figure 3 illustrates a side view, designated generally as reference numeral 300, of
the FOV 302b, 302d for the cameras 206b, 206d, respectively, illustrated in Figure
2, intersecting the base reference cone 304 for the dispenser 202. The FOV 302b
has an angle 303b, while the FOV 302d has an angle 303d. Likewise, the base
reference cone 304 has a half cone angle 305, as measured from the reference line
218. As stated above, for the cameras 206 used in this embodiment, the angles
303b and 303d are 53 degrees, while the half cone angle 305 is 15 degrees.
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ensure that the caneras 206 capture an inmage of the
moving flare when fired from the dispenser 202, the
canmera jig location and point of interest must be
sel ected so that lines 308, 310 are sufficiently
long. 10 In this enbodinent, the height of the jig 208
was set at 5m above the target board 210. This places
t he cameras 206b, 206d 3 neters fromthe reference
line 218. The flares are [Baunched from the dispenser
with a maximuminitial speed of 60 neters/second.
Wth the caneras 206 nounted at 5m above the target
Thebotersction of thed™ Q¥ SORD mythethe baseresfeminee cbn8G04 passeparline
S [ t Lel
3082 BTGy dhe MRErsh Bl ANk KOV 3hey ARG ppLE rSrenge cone 04
pro eﬁta lingB10. f Listeg 3K and a31éhtepmse|nalthie avilesi ranticipatedpBiare
disgARSH T & triligetd riai@%@alsc‘!\@ﬁ&vé Bechibde, I RYRle a8 to

i nes represents the vvors case
ensyie that thsrpawe$ 806 wepw%laesma% ichthe mpyYiRgtiaee whae figgd from

the Hlsbéﬂé]ar@@ﬂ theRintdre ljid I@cf.atibﬁ%ﬁq)%ldt%f ﬁﬁ&lelsﬁﬁhst bd sélScted so
that ot her flare dispensers having

thatE'PF? éﬁé m 1038 sufliciently }@eri stics will require a

different placenent of the carreras 206 to 20

ef fect veI | e sired, The di scussi
in 15 S s iecHRioR, B tod iy 208 Wt SotB baye Be s B B10.
Thist places| tae eanatas H06b, lCZOB?.Ir Iﬁ?eﬁ.’éf?ﬁ @rom?iﬁﬁ Qefe?aﬁres ¢in€ 208 Jhe flares
or ace m fromt refere
are Yilthed P8 The " Geoehed Gt 3 M4 Bih iHEaBefh SR mekiesecanc
Wittt the camaras 200 smduntatsatabra dbhovedhe tangetclavard 1240, aet assumieg a
franf} BTG obd, 0RO RREaCdes 2 s Bdento
framge cam pe captpesieat tos 3m paiteanch t dield| (amdvalditiits hbliei frameltoas be

capthf%l g’{]ﬂ‘ley §|1nsp<96t Wh% Stlﬁgsﬁa%'g%/%ler lﬁes l&ﬁB te{ﬁ'dsmo This

chec er - boar or t
repre%%\&“dthzwrﬂasass@Itu@@ndwbere\me rﬁamudegla‘@ mdlkeshmﬁ)afrﬁflng and

the @€RI &fr\’egérh§ |§'Sﬁ%ll@§t tﬁ‘?s glﬁﬂg'st%gé!'Qﬁﬁsotﬁé@\‘léms&sﬂ%ﬂsers having

det er m ned y t he canmer as capture
differed jRungh Gb@féctﬁquﬁ ik regiiise ardiffesent piacamentef ﬁh@ opferas 206 to

effeétvely BRBEH A8 RAgdsHekPedpe made. In this embodi ment,
those points are 3mand 6m However, since the fI are

is noving, and the canmeras 206 do not provi de 10

The @@&elssiohsfshd PIAEENEHD bRERGSas BOBE ROG Als6 b[g’;ﬁ:efs@d thbhﬁao@Meﬁt of
er st oo

T My A WX G 35t R T A
218 butdrpetrbwards, 210b, 2108, reepkastisélpod t hat no physical target
board 210 need be used. It is possible to

Once the camera positions are fixed, one can then determine a minimum size of the
target board 210. The target boards 210a-d are used to allow the captured images to
be superimposed on a reference plane. This facilitates the analysis of the subsequent
results. In this embodiment, a ‘checker-board’ design for the target board 210 was
decided. When using a checkerboard design, the size of the grid squares 212 must be
determined. ldeally, the cameras 206 will capture the image of the moving flare at the
exact point where the measurement is to be made. In this embodiment, those points are
3m and 6m. However, since the flare is moving, and the cameras 206 do not provide
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superinpose a target image on the captured i mages to
calculate the position of the 5 flares. Al such
design alternatives are considered to fall within the
scope of the enbodi ments described. Figure 4a shows a
draw ng, designated generally as reference nuneral

400, illustrating one nethod of calculating a grid
hei ght for grid squares 212 of the target board 210.

10 Drawi ng 400 shows the fI'8re di spenser 202, an

conﬂftfoﬁ@tlmg étc%{?&%gé}og’ ce?taf?logl%‘tfbraltthen?ﬁi qugg%gtls ar‘é%flweﬂcy It is

a potential grid

u"d?fé%géﬁhaéeﬁueadem@ forbe tameitioprd 219 qﬂn@lﬁmlze gsed. Furthermore, it

mee@wbermétt ACsHyLiBaY tabq¥t BRI MO feeROBd t digt;
s rre'r-.a,gﬂg] tahs'gir accur acy ar?g gédt}f?g@wag féﬂﬂsg}ﬁlg to

the c
SupgHepose, FAIogl 0 o her riursth miaee ibsesjeulatg e gpsiion of the

flaréset Wit esuch . digangtelndlivea aré | coAsiliste ! 36 Fall Gith@N tRNscope of the
e 15 of 0.5, the grid height 406 in the X

I
embﬁ?%e@%%esaf%%ed to be 0.025m Since the flare will
appear as a big ball of fire in the captured inmage, a

. t.h f 10 ti ' .
B #5550 8o e e A Bl SR B v
one frhethaed bfocm@ulaimgl 4 giid heght for ghidtsgeaes 21grdfdise ta2fetliogkt 210.

o 595y R AgSHIoLen SN kel LT e

meaﬁwierf@ah@%qurawwlgbc@ﬁe and @mcmmlalsgmcghagm MWrfoy thedtarget board

210 ?ﬁﬂéﬂt %ﬁ&wn)asl' é)n;grgirneé' %gﬁ ?ek?ﬁb?\fs & f%&%nto@?enamed
by t%‘ﬁ%‘i‘%ﬁ&zi , o acwrﬂlqya‘ﬁnelel ‘Haég@aﬁl -‘éﬁiéﬁ xt@rﬁ°4212|s @lnderh@od that an
accdré@déd@% &Ciﬂaﬁ)véécn 4.08 SHd ﬂosé’éﬁﬁé@o bg E:ge%”@;?vén' & &chn%@:g Qngle

on 422 es an angl e respect

of 055, e B4 o6 in$ha gy %lﬁﬁ!%ﬂie&v%t%%w%mdu%meatb@@are will

appédratk @ Hi@balt bfcie ke %Bpthhﬂ 1ﬁ16§é |4 ;'Sl'gctﬁﬂgﬁncpélzé &?thegﬂlg‘ of 10
425 wWith respect to

timef 35 s siio0”Tiks Seaplies, o SeP BRSO g TeEs sptiont falls

betwé2b 2emids.be used to cal cuI ate a maxi mum di spl acenent
error, since the angular difference will be the
| argest for the closest grid square 212 illustrated
Figu'rm4tF'slgmsea diagradt) ddgigapted Wengrally agefremid hiindrBiBd 205 ill§strating
acenent er .
one caﬁ] ul at ggﬁh{hodaépﬁ(?o ﬁ!‘%?'@?@cﬁn%@ ro'i:'tﬁ‘cl‘m%ggé%g’f grid square, as
calcgated mbovs | Bingrand42@shaws, the Yisteadisf208er 202¢ thedsfisePdistance 402,
e Yo U and .2
2 or B A2y 4 e el piton 292 A BH4R0 306 otg gria sauare
212.t Ahgy @ambmag@l Igzadon ézzmagewam anglp toh42§fr with seppactes i Biuncher
202."BRFHNh 8% Us6Wbws a displaced flare location 424 on the trailing edge of the
grid square 212, forming an angle y 425 with respect to the launcher 202. The
difference between angles 423 and 425 can be used to calculate a maximum
displacement error, since the angular difference will be the largest for the closest grid

square 212 illustrated in Figure 4b.

By applying trigonometric analysis, the maximum horizontal displacement error is

calculated at approximately 9.22%. For ease of construction and set-up, system 200

-includes 2 vertically oriented target boards 210 and 2 horizontally oriented target boards
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square, as cal cul ated above. For ease of discussion,

the target boards 210 are | abeled as 210a (near

vertical), 210b (near horizontal), 210c (far

vertical), and 210d (far horizontal). It is

understood that a single target board 210 can be used,

and that the 5 specific design discussed here is

provi ded by way of exanple only. As discussed above,

it is possible that two fidltds will be captured by the
21oca@§t{ha1%5€ei%ard’:%@@l?s ng%&qa?@%h rldt Q@ggﬁggf gur ng 0.25m
squafet 2% ¢Aletdated pbevee ysase ghdlmgdn,dhe @argttdmatm;e'zwrare Vabeled

K I r r

as 21’@9@%&' \Je&ié'ég 2100 |(Hsdr J% V\%ﬁ g*@ §fa¥‘ gdcgﬁl ‘ggf Aod (far

one 1 na IS capture rate
hO"%Qﬁ‘éa')su K i mesTsiand that 2 sipgle frrgeisbasych 28@ sam be cised ¢ aridthat the

spet i @sfnQiisbub S hdrb & HHREASS) Y SHfexEnBiddRnd al so

applies to caneras 206c and 206d pl aced "at the 6m
of fset point (216 in Figure 2). Figure 5 illustrates a

As disiesat Above) lﬁ&rpﬁﬂ};lbﬁ&ﬁét%atﬂ@ﬂs SRNBE BhptiredbytRd BARESS 2063,
e pQsition in three

2000 3RS feg bt %a@steﬂgﬁ%p%{@?%l%mf BUSCDarki’s Her ASEeSERY to
detewhian zaflae mpykition Ihiami of eltfie? dnkasrawb Imagy UFigerelwy illtidtates the
BT 6 s BTN L B ) oo
two pjrl!@ee are @iphgred.mit5O0ndensiosd thantbe aiscaddiom @fFigL2d 6also applies to
i B
cam@RBY0L find HO6FIacont, i & ol 55y 18 WP At i ane

502, a flare position 504 as 20 captured by the

Figu?@%elﬂ fé%%“scﬁ%ﬁg’nc &b aFnh rd%ﬁ{gﬁft&& gehérra%%s rlﬂf{e}?en%&%umeral

| are I spens position |
500 sfprd@avplegvac%ﬁ@ pesitipea thrge |diyonsiapahspacasingi the sysipm 208 and

metlﬂ:r&: 10PERerP A 4&hgl iltdiR Jf'tﬁé ﬁ?r%%%ébt%%s@ﬂthgrbagﬂgabs\(z&a 206b.

ane in free space. an-view ¢
For PW‘WQ’SH@“O%H‘& wnnnoneatstou#@ sysiem A@Ryarestowndn atsingle plane.

Dtag‘rérﬁTSQO SHOWS LAMEas 2084 and b%%%o@k@fﬁgét 'Eogrrdg 1 §Q ?S’)eandzzﬁ Ob
ints 504a, 504b, will then be transl at

fiﬁﬁ%ﬁ?ﬁﬁﬁh iagram R0 also shaws 3 targelplanesbed, & fare pﬂ?ﬁ'ﬁ@% §Q4 as
captOifedl By thet cmberas 206a FZE(EH)V thedthrée ﬁ'@téretﬁrdet NRe 2482and the flare
[ epr eser line VI targ poi nt
aisp5B% PRSI naL 1 oTHe FIF UstapRos 305 i 1ogkng: dty i Saplure,
an irdaget Bltal of tee flrd s@ierneRses enmtlﬁ \t-zep!afenarﬁgbtspécten €Thel pﬁaﬁ -view
cam 53995 13 PRE of Endly CAPILFE TGt Sol Mhe foreEes Baed on
the ¥fY plaee Indegeckpaaées i nt o consi deration the possible
paral | ax error when viewing the target fromthe canera

at a distance of 5m fromthe target boards 21 Ob and
These12)points504a, 504b, will then be translated to the 3m line, shown as points 506a,

506b for purposes of illustration in Figure 5. A dotted line 510a represents the straight-
line view of the target point 506a captured from the camera 206a. Similarly, a dotted line
510b represents the straight-line view of the target point 506b captured from the camera
206b. This shifting of the target points to the edge of the board takes into consideration
the possible parallax error when viewing the target from the camera at a distance of 5m
from the target boards 210b and 210a. |
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The point 508 where the 2 dotted |lines 510a, 510b
intersect will be the flare position in free space on
the target plane 502 when fired fromthe di spenser
202. Note that the target plane 502 is actually

per pendi cul ar to the planes of both target boards
210a, 210b. 5 Figure 6 illustrates a schematic

di agram designated generally as reference nunera

600, for mapping a flare pdgition in three di mensiona

The?ﬁl}ﬂ’ﬁ %OF%\}h%ga {hQGZ 8 ﬂ%%lgq) @%qOb quég?& IPQ%\ME fare Posmon in

e |1 mages O alre Ca
free xpaee 020% targ@irplar@aé%z wher fsaddsczm cﬂm dltsmseeﬂéz eNote that the

I e
U SOPaE Al ) ) Sdndob b el Lo z1ce
210 bosnl on 602a, 602b of the flare is captured by

cameras 206a, 206b, respectively. A second position

604a, 604b of the flare is also captured by caneras

Figuse) Sallusitstas, 2 ssipmet diasipm. desienated gespmlly asigfegance mumeral

600} forthappinyeemars bBSIticﬁFﬁlQhﬁé@Rﬁrﬂél@&brﬁl shdr@ sir gslhe Bg?s‘uarhlz@n and
econ

et 00 erum duulE FaceeRA e free preragtirod i pamarss 206, 3oob. For
eass bfrcﬂs;cglbkleh ithe rgfere hcdomuinvises uddiin Figup®s indli @ﬁtSb&@s'édﬁlQFigure 8,

with 118 RESHoh 31, Thded HimbEh baist Poknt 6375 BB the re i
capiuteginbyt cameiaat28bat 208bh esspddivelyf A lvectrar peditidnodidd, 6edb of the

0 ' [ , i 6a,,.606b., The
rard 80l B} B4R 2088 ch, ARG, 0BT cHlee i
time;j hetwearndbe invagd capturedat the first ppsitixint 602n andtherimegs patwred at the

ok 5581845 501 1108 o il T30 383G
positions GA-$Q4% eFhepesitionenepg the 1witly of ﬁnemre ptdSﬁl@t thatdosline 214 is

‘ desn%ﬁétg@fsoﬁ F0Sh. 7@93%&& E%?rmrréﬁglagéffbcﬁele'd @o?ﬂ'n@ targblgdﬂ'a?d as

l'ust'rat es angu I near IS anc

was £oag iy Kidgte B Q’W 'ﬁ ﬁbowraaa 8p6%|698bs Toe poiny §P8 svheee thad dotted

lines/10al, B10H-InGSRE willbeXRE 4l pcRitiBh H Féd E;yacefoncthé erst pYaQ@ 502
e circles 702 indicate the half 25 Cone

Wheﬁ%qugroé‘? t'ﬁé{;ﬁp&f‘ﬁ%ﬁmﬁr oma line extending outwardly

fromthe flare dispenser 202. As shovvn in Figure 7c,
Figuﬁ%%a [El#&%hﬁﬁy{?\egtl Ly pﬁlgpféogn Ctgthgn Eeggn%glpnee éj1|4sp igsuﬁar 7b
illusicates estpcg‘edlpl‘eglerm atsthg 600 Befefentd ding 6] emigl@ 27 cCillilstidtes the
a4 5 BP0 e 5 B e B ik 70y 7. 1
Figuoesnttl andTis, sopititalityad circled Ae2 @i sShouwasiThe circles 702 indicate the half
cone angle of deviation from a line extending outwardly from the flare dispenser 202. As
shown in Figure 7¢, for any given linear distance X 704 from the dispenser 202, and any
given half cone angle p 706, a corresponding radius Z 708 of the circles 702 can be
calculated using Formula 1 below:

Z=Xtanp 1)

Table 1 summarizes the various circle radii for the conditions outlined in the discussion
above.
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above. 13 X(m Z(m) 5 0.26 10 0.53 3 15 0.80 20
1.09 251.40 30 1.73 50.526 10 1.06 15 1.61
TABLE 1 Using the system 200 according to the nethod
100, test data was collected to determne 5 a

di spersion characteristic of a flare fired fromthe
flare di spenser 202. The flare dispersion
characteristic was determ ned by mapping the flare
position in the target plddes for a plurality of test

1
E [|
Ur' T OWT1

XThTos pf thedispenserz202—The test data yiel ded
L “f(z Hs w’%%{:he—di spenser nounted in
ers—At=h netre and 6 netre

S

e (V) 5 \ S:d S

various 16 pqﬁiti A'S AL the—3

mark, it pwas fgund tHhat s rafority of the payl oads

weBe di saeﬁseéﬁw—t—hrﬁ—(—h@%—heﬂ—# -cone. The remai ni ng

payl oads rhad wHeter—eH ‘:FPCI’ stef angle. Using the

col | ect eg—dat %g a—FA rru._.‘;gafe gdi spersi on angl e was

catcttatea—35H—wHH—be- éppr eg¢i ated by a person

skill ed in th%‘?rt that—ruferous vari ati ons and/ or

nodi f i cat+ens—tray—be radd-%o t he present invention as
——shewR—A-the §§ec' file—e®ddiment s wit hout departing

0

fromthe spirit or scope of the invention as broadly
de§a&BLEeld. The present enbodi nents are, therefore, to
be considered in all respects to be illustrative and
not restrictive. 20 14 CLAI M5

Using the system 200 according to the method 100, test data was coilected to determine

a dispersion characteristic of a flare fired from the flare dispenser 202, The flare
dispersion characteristic was determined by mapping the flare position in the target
planes for a piurality of test firings of the dispenser 202.

The test data yielded the following results with the dispenser mounted in various
positions: At the 3 metre and 6 metre mark, it was found that the majority of the
payloads were dispersed within the 5° half-cone. The remaining payloads had a wider
dispersion angle. Using the collected data, a minimum safe dispersion angle was

calculated.

It will be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be illustrative and not restrictive.
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W claim 1. A nethod of determi ning a dispersion
characteristic of a flare |launched from a |auncher,
the nethod conprising the steps of. 5 |launching a
plurality of flares fromthe |auncher; capturing at
| east one image of each of said plurality of flares
using each of a plurality of caneras; using said
captured i mages, calculating a dispersion angle for
each of the plurality of fllares to deternmine the
cLAMfPer sion characteristic. 10 2. The nmethod of claim
1, wherein the dispersion angle is neasured from a
Weeliner| i ne of a right circular cone having the

1. | al#(‘ ﬁ{%@rﬁooa&f &’é’ielﬁﬂﬁﬁ %fd|§€érglog%%rac$er:s-{9 %{1 H8{ROthAEhed from

2. 8 Sa1d di Spers] on- Char Act er1 Stic
a '3}@0@" tDS "Fﬁth?q'rﬁ?ﬁ“@%ﬁ'@ Wespiesefon angle. 4. The net hod

of |AMEhMgE ﬂﬁrdh%fﬁl%ﬁé@i?&ﬁtﬁé RURBherWherein said
cap turlna fﬁ?ﬁ further conBrlses providing a targ
bo&PRIYHEP G iRgstetelmags of gack of said févaéf'ar@ééﬁm@feach ofa
plurakity &f camersas. 20 5. The nethod of claim4, wherein
saldta t board. has a ¢ kerbo atte
o0 A AR e SRREIEDTG > dherslcn &3 for ach of the
pluralitp i flareg ts tieterroipenhe ddperstin @Hasadtensiicng each of said
caneras orthogonally to said centerline. 7. The nethod
of any one of clains 2-6, wherein said capturing step
2. f urfiheemethodngf ¢lsies 1, adleczih dhé riisperdion shglef iSsmEasured from a
3 I a
e i B e VIR e R iR B S TodE.
and positioning a first canera having a first f| el d
3. Of THCWeaE 8 samid Gtaﬁe%eré\ﬁ\%dw dis %ﬁqm@hgﬂa%{eQIsﬁ’é is a
view at said first and second offset distance
minippey spfe deparsien @sgleand second fiel ds of view

intersect. 15 8. The nethod of claim 7, wherein said

first and second fields of view are . ) )
4, The method of any one of the previous claims, wherein said capturing step

further comprises providing a target board perpendicular to a field of view for each of
said cameras.

5. The method of claim 4, wherein said target board has a checkerboard
pattern.
6. The method of any one of claims 2-5, wherein said capturing step comprises

positioning each of said cameras orthogonally to said centerline.

7. The method of any one of claims 2-6, wherein said capturing step further
comprises; |

calculating a first offset distance measured from said launcher;

calculating a second offset distance measured from said centreline; and

positioning a first camera having a first field of view and a second camera
having a second field of view at said first and second offset distances;

wherein said first and second fields of view intersect.
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orthogonal to each other. 5 9. The nmethod of claim?7
or 8, wherein the step of calculating the first and
second of fset distances is performed based on said
first field of view, said second field of view a
shutter speed of said first and second caneras, a
maxi mum speed of said flares and an estinmated
di spersion characteristic of said |auncher. 10 10. The
met hod of any one of clainmd57-9, wherein the first
canera captures a first imge of each of said flares
superi nposed on said target board, the second canera
8. capther esthedset olain i Frewgeerein said Hirsf asdisdconcafiells of view are

orth%H&?d['t&'EQ&?&hEP said target board, and the step of
cal culating the dispersion angle further conpri ses:

transl ating each of the first and second images to a

9. POiITHe méhodSbMNEaRRTNoO8, WF\%rélﬁ hsls fpegf EélEéIEtlr?d‘%e first and
second |mages to map a coordinate of said flare onto

seconq, piisei4listengegde pegarmed based on spigalirst beld of vwarS@Id second
fieldosrSiidw, Qanﬁfhttl@f' Ebé@ﬂﬁﬁldld’f irst lan? Qéébnﬁl%gneﬁ‘és S Exifun® Epeleed of
i sta cal cul ati ng sai rsion angle
saiffargind a8 s2linctsn Hirraes Cagegtnsie SHi RBIEST any one
of clainms 5-10, wherein said capturing step further
[ : | cul at t f t, di
0. o BaoP G i 479 BCRBIReS 7 S thersiBene et iagesa caphges @
first donarge cofreachnyf said Rared éupehrhpoﬁed/ ioaveaidh targeff bourtinthe second
d
can SRR 900 O Bl et ol M R
boardy @nd fthef Steb@écaitulailmherdlmﬁom andl furffies coephises: of
¢! #afiding SOSH Gefle ARt nd BLEShARGGLOW & Bafi-el ds of view

are orthogon to eac ‘met hod of
c| &FkgeRchrof te trapsiated fi rstrmwdss@pndﬁmag@acm rep rgcadidinate of

sa:otfﬁiré @nR)f 5 §|%Bal tgf'g%i BH&4, é WJa?%@Q q%g?c??o%n%a'd#thogonaliy

of Vi ew, sal fourt VI ew,
to S%'H@Pﬂ@ﬁ@?ié@fﬁt@ffs%té{'?damﬁ, ef#dand fourth cameras, a

MehiRURYAP S o@peﬁ@érﬁaﬁéié'b%e@@ﬁ sa.arbosl%ﬁﬁaﬁ@t ed
di spersion characteristic of said |auncher. 16 14. A

system for determ ning a dispersion characteristic of

1, a fiharethad s eg drieosh claims28oh @herdih 8aRlySHpRifing step further
rising: a first and a second canera, each of said

compf '?gﬁ and second caneras
calculating a third offset distance measured from said launcher; and

positioning a third camera having a third field of view and a fourth camera
having a fourth field of view at said second and third offset distances:
wherein said third and fourth fields of view intersect.

12. The method of claim 11, wherein said third and fourth fields of view are
orthogonal to each other.

13. The method of claim 11 or 12, wherein the step of calculating the third offset
distance is _performed based on said third field of view, said fourth field of view, a

- shutter speed of said third and fourth cameras, a maximum speed of said flares and
an estimated dispersion characteristic of said launcher.
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5 positioned to capture at | east one i nmage of each of
a plurality of flares |aunched fromthe |auncher;
wherein said captured inmages are used to calculate a
di spersion angle for each of the plurality flares to
determ ne the dispersion characteristic. 10 15. The
systemof claim 14, wherein the dispersion angle is
neasured froma centerline of a right circular cone
havi ng the launcher at an dPpex of said cone. 16. The
system of clainms 14 or 15, wherein said dispersion
characteristic is a mninum safe dispersion angle. 15
14. 17 A seters jort datemiiniagya dispersionalharanierisée bba flavs taduached from

'Q'%Hy c%@ﬁ ard positioned perpendicular to
alaf é tﬁég?stw ew '@gch of said canmeras. 18. The
sy &t 8rft odnd: [2aseeaTd opmerai raghiad said fast @oardemg gameras
posﬁlBﬁédF% leasFL a?%a@tabhé lithage Bf bR o?yasgﬁlgﬂlﬂj k‘léllegga&?ched
Irst freld o

, Wherein said first canera has
frO"Q/F"@\APU%“é‘ieH second camera has a second field of view,

angurendif sfald §s @r@a ifReR8tre Q%EB rt@%aﬁfu%t@%sdlkb&@%ﬂ éHg[@ for
eacéog%tescg ﬁtgt lzzlince rrea%ure from F?al | auncher
aquste elgrayng e dispessicreharaetpriglis d
centreline; such that said first and second fields of
Vi i nterse 20, The s em.of cl wher ei n
5. 11 e Pt i e B e Sharainh G1e 5 Paeyra from a

cenfedineasfla rgghlh eircul&{Tone having the launcher at an apex of said cone.

16. The system of claims 14 or 15, wherein said dispersion characteristic is a
minimum safe dispersion angle. '

17. The system of any one of claims 14-16, further comprising a target board
positioned perpendicular to a field of view for each of said cameras.

18.  The system of claim 17, wherein said target board has a checkerboard
pattern.

19. The system of claims 17 or 18, wherein said first camera has a first field of
view, said second camera has a second field of view, and said first and second
cameras are positioned at a first offset distance measured from said launcher and a
second offset distance measured from said centreline; such that said first and

. second fields of view intersect.

20. The system of claim 19, wherein said first and second fields of view are
orthogonal to each other.



