WO 02/ 093525 PCT/ US02/ 14609 Method and Apparatus of Detecting Fire by
Flanme I'maging This application is being filed as a PCT International Patent
appl i cat i wo d2v93she nane of Detector El ectronics Corporati ®eT/@so14509
national 5 corporation, designating all countries except the US, on 10 May
2002. Background of e lnvention This 'vepti n relates to an apparatus
and et hod for det ec§ifiod apd Apparatys of Detecting i ame MW i al 1 anes.
Fires emt a range of wavel engths. The art of optical fire detection is 10
based upon sensing types of |light that are characteristic of fires. Mre
sophi sticated det ect or Thislapplicatian jsteeinghilet iag b PGlolnesxrational Pasendi bl e f al se
alarnms. It is I1.kno t 0 _usge~one Of, Sever individugle S ors in a fire
detector. Typ?l%l?\gllcflgllontlﬂ\gﬂ%g"ﬂg%P§D5t|§‘ét°5gﬁgﬁ??lesgb?lgof)agrop 1 %@rsarngﬁ‘?ﬂaﬁ ared and/ or
ul traviol e W@ﬂaﬁ@ﬂtdésigfm A cduh ¥k ekdept tharles, lAAWMEP2062. pr esent i n nost
fires. 15 A significant disadvantage of such detectors is that they are
subject to false alarns, as many non-fl ane sources al so produce infrared
and ultraviolet light in the sgiekyRualPtidinvendén Common fal se al arm
sources include but are not limted to artifrcral Tighting, sunlight, and
arc wel di ng. One sour ceThis ifieentien sdlateio antapparajus apd methag) far Hsteetingubeesone
is that of reflec ionsf. Refletctoitorgﬁlﬁgrgég water, netal, 20 etc. can in many
ways mmc ac Y a1aYY Yddias P especially true when the source of the
reflection is an actual Firkd @nit 1h@ige ofvaveiemaths: | Tlidars b Bopiral fife@icteeiamzl €
petroleumdrilling and refining, wherein known actual fires are present

pr oxi mat el0 t hbasgédupen sansingtyrastodlight thaargehagackaistg ofBrst derg soWypticated
recently, it LRl 3 i ras to 25 produce

| mages vhi oh 0L PRERCIRERELE it b ARRIFPSSIIERIE FARRI T 12 0 Bes
called "flanme imaging"ItifwalknowAg g chklopvevefadindividaalsensbed mci fien of the
| ocation of flames wthin the area protected, since ji;rhe | ocat i on .OLe fl ames
within the i nfgectemylypieally|thesansors gesrsepsifiggio napichdptipfrygpd apd/applirgpiotet
canmeras produ 5%@1‘? i . kﬁwgp j nts (or

pi xel s), typi gvgﬁly at E?I)([aaastso?h g{/tg?tg#et ousg%%é%%lnﬁgw?gﬁgggﬂs | east several
mllion. 1§ will be appAsigmfienht tiisadvantaige of sucheleteatvbeis thdt theyxart subgeat to

provi de data regarding flames that sinply. cannot be. obt ai fr a fire
detector 1 V@?WWSWW%gwi%g%S a5 r?fglCSﬁ‘i‘@”B @n‘g}eﬁ%é loir)Fgl"ghta few
sensors. Howeyffhe sifie Wabdlehdth b¥AdU @onfifi6lSRlse alarm sources include but are not

limited to artificial lighting, sunlight, and arc welding. One source of false alarms

that is particularly troublesome is that of reflections. Reflections from water, metal,
20  etc. can in many ways mimic actual fires. This is especially true when the source of
the reflection is an actual fire. There are many circumstances, for example
petroleum drilling and refining, wherein known actual fires are present proximate
the detector but outside the area being monitored.
More recently, it has become possible to use electronic cameras to
25  produce images which are then analyzed to identify potential fires, a process called
"flame imaging". Flame imaging allows for precise detection of the location of
flames within the area protected, since the location of flames within the image may
be clearly identified. In addition, electronic cameras produce images with a large
number of picture elements (or pixels), typically at least several thousand and up to
30 at least several million. It will be appreciated that this large number of pixels can

provide data regarding flames that simply cannot be obtained from a fire detector



flame i mage analysis is often subject to false alarns. |Indeed, known flane
i magi ng systens often nmay be nore susceptible to false alarns than

i ndi vi duawosenssses. A wide variety of inage artifacts may PETIUSOgaen9 f al se
alarnms by virtue of their brightness, color, shape, notion, etc. Because

of this, flane inmaging systens are often relied upon. to.confirmfires

i dentified byl Qi Bpe gt “F‘?Séf‘rée‘ﬁé‘if@t%‘isor}g",wer"&b Ao pitndvilietseient. £ o

i ndependent | yajarfe fridde@h1yRis 9o R sibjddt eaBNE Rlalpnal flanme image systens is
that the imge settings appropriate for flanme imging are not appropriate

viewing non-flame 10 idgeb knawin flaing imepiagisysterps efteremay B 8105 suseemiibdtht | or
in other poor]y.lit, environs, .Because flange Xk IRVEP: o] o8 , 1 mage
settings (exp%’sfﬁ#%a]taf]ﬁ%{,hafltlr?dé‘fﬁg@cs ?B’Soﬁ%s'feWl%ee%n:elt}ggilgg’gggﬁgg&% gﬁgr operly

expose the f | gigBer falke tahinds WRYirtdelsT theiBigdsht@ss, tddforpshiapd)tmotidnaee s Bebaise
sufficient detail for analysis. However, at such image sett] ng{s tdgg

remai ni ng ( nobfthisafleme uaging sysims aie oftemrdied HRohe conim fres Wertifigdhys ¢

not hing can 1 i N1 Lcul.ar j rsons that may
be di st ant fr%orlﬁ ?ﬁgoﬁrggﬁeﬂehgctgﬁh%t p%ge?lrtra I@%ﬁ%ﬁ%%@?ﬁ%&?@'t her by humans
or by data processing rAduitheprotAemavithr @mwtitionahflamageagesysterk if that the anme
detection is not optimally suited for other purposes, in,particular human

vi ewi ng, becalliRA8e5PEBES RRATORFAIORflagIcAmRSINA 8T% 1Ot FRRIOPLA VieVipe sen-flaties hed.
20 Conver l?qelaéi’md s, L Pffis 'is”@sggci&l? frhdFRo&E Sar SPHE, drh@bingPhSsthSlidRAdirBRy. Sons  can

be identi e | nage ver exposed” so that flahes ‘generally appear
as shapel essBequnsy flymekedre axtderhelly dhights poage. seffings xiponge Smegirsa¢tc)) imust e or
no structure or _color vvithintlhefla

itself, thus Jimtin ni. ngf ul
nal ysi . 1 ndskesIceind S0 8o PRoDERY ARt e i anghis AT, e AER S g R B i me
whet her a bri gl dufiderdtideil@br MalysiOTHAReveh & Bfth itdagk SetfRgERnOt her

bri ght phenomenon such as reflected sunlight or ‘an incandescent bulb. For
this reason, fenmmeng (rogifamepottinsofdherineageicanbb by darkdhatrabmosi adihang ef

caner as, eful for no,other purpose. nvent.i onal hods.f or. cessing
the data ﬂit a#%%eﬁnf‘? mhf Pﬂ‘ﬁ’_&mgﬁﬁgieﬁtéﬁf’%eré%’?‘ﬁetb%s’??f gegalﬁtg\r}gﬁafls?%%f\}%ﬁ ages.
Typi cal |y, kneuof hoRIlY BB eIeRE fisd,Tithefby RnRES 98 by ABEPrétRbéng foudines. OAs & Wo
ways. First, the data present in a single image na be anal yzed on its

own. This hasresuls andmage a@énaiffornﬂﬁnwgpﬁ@ntiﬁeotmmiﬁQlycsﬂit@cthé gth&t i ons
ge\(j\%s Sg; %’93§|2£19r§é§s]%§%%1%ﬂ?8 thln?n R/Feq'lrtigq b\é@aqlge blsacgéa?ﬁ/%%lhg bt tﬁj—: 'ﬁgxlngs | mage.
can be distinguished. '

20 Conversely, if the image settings are such that objects and persons
can be identified, the image is "overexposed" so that flames generally appear as
shapeless, poorly defined bright spots. These images reveal little or no structure or
color within the flame itself, thus limiting meaningful analysis. Indeed, at such
settings it can be difficult even to determine whether a bright spot is a fire at all, or

25  whether it is some other bright phenomenon such as reflected sunlight or an
incandescent bulb.

For this reason, flame imaging systems conventionally require
dedicated cameras, useful for no other purpose.
Conventional methods for processing the data obtained from flame

30  imaging cameras also have disadvantages. Typically, known flame imaging systems
process image data in one of two ways. First, the data present in a single image may
be analyzed on its own. This has the advantage of minimizing the number of

calculations necessary, since the data is limited to what is present in a single image.
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However, analysis of a single inmge does not yield any information rel ated
to changes in the inage over tine. Flanmes change in shape, size, position,
etc. overwphe/zsesir se of tine, and anal ysis of these changes/usamidses usef ul

both for detecting flames and for excluding false alarns. Such analysis is

not possible with only.a.sinhgle.5. imge. Summary of the lnv i It is the
purpose of th O%’F‘éﬁrngﬁl}fsh\fg%gsi‘%e {Iga%gfép%g%m?%ﬂég%mfmafn‘og d ?tlteggc? t her eby
provi di ng an ¢HEppevathede dtustine dFaRieh 0Barge in stelpediid)fodilisrs ste. byerfthane
imaging. 10 It is nore particularly the purpose of the clained invention to
provi de a netdsw ¢fdime;and analysigofk tﬁ@e@bm&eﬁrﬁ@% heasnfiel botkntor dgteptingcBamess
Exenpl ary enhodi . the i I At o od and
appar at us V\he?n(ealdfr?p%gcﬁgdlgé fatlsf%aoaslée%lm%'r g@ g}é !slﬁga\sﬁﬁ%fs?ﬁ gﬁ%g}b%itﬁgﬁly%n{ﬁ 1?n t he

fl ame i mag ngima#gebot h sensitive to actual fires and resistant to false

al arnms, does not require undue processing power, 15 and enabl es

cont enpor aneous use of a canera or simlar video sensor for flanme inmaging
and processes other than flane | Su@niagy of fife InReMiowont enpor aneous” as used

herein is nmeant to indicate that both Proce,sses_(or all processes, in
embodi ments that per f orhisibedumesaot the claypetwyention tgoxesaRsithise over ti e,

bodi rent s ¢ beeumeshol CECIBAGS e oV
That "the fi v op ey RRRAD prdifRe af BEY 1 anoedh AR08 for ety AERES

conpr oni si ng byhAaméimsedingeness of the other. However, it is noted that the
t erm cont enpor aneous as_used herein y inply that

does not necessari
processesltire fully si nlilg BAEREtCHSEY tg?(&Hﬁ’loé‘? °§?‘? ﬁlﬂ}ﬁﬁl RVRERIRIA Profde

performng t fé}ﬂgﬁnﬁ%ﬁ% i i ﬁﬁﬁ% i C with the
princi pl es o:‘/\é)ltﬂ%tghogc med | enfﬁog{rlgﬁg;r?g%ﬁggs t e trg%g of (Exgﬁﬁpd?y

cont enpor aneoembaydiments of therpjpifmied sveatich meyp twhdleprmetbed exd apramtis wheremnd
second processes not both be perforned at ev neasur.able instant. It
o ony neces it af s ProssETes it SRS Cuasiie, STEEH e agis Mg CPOSFYIG for
time. 30 Cont@MRALANRYUA rdfstdndfo fakMdrdis URRE nbEeghifs uldhe Prodefishd povadr,
definition, not an indication of a particular time relationship.”Th

preci se tlm napd emabley eonterporanenv usk ofntanera engindlanmeideo ednsohior dhmened

nventi on depend:ng, an, 3 V0. 0Y 093575, RGT U502/ 14609

The term "contemporaneous" as used herein is meant to indicate that
both processes (or all processes, in embodiments that perform more than two
processes) are ongoing over time, and within the same general time interval. In

20  addition, it indicates that the first and second processes can both be performed
without one compromising the effectiveness of the other.

However, it is noted that the term contemporaneous as used herein
does not necessarily imply that processes are fully simultaneous.

For example, although a method for performing two

25  contemporaneous imaging processes in accordance with the principles of the
claimed invention includes the steps of contemporaneously performing first and
second processes, the first and second processes may not both be performed at every
measurable instant. It is only necessary that both processes are carried out
effectively over time.

30 Contemporaneous, as the term is used herein, is a functional
definition, not an indication of a particular time relationship. The precise timing

may vary from embodiment to embodiment of the claimed invention depending on
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the nature of the first and second processes. For exanple, a particular
flame detection process mght be functional with only two franes per
second, wWDloee/ogss2particul ar real-time video nonitoring pr@ceEasorni4ght
require twenty or nore frames per second for acceptable functionality. In
such a case, fhe fl det ectjon pr | I . } for two

bri ef intervaﬁﬁllﬁ??ﬁé“%g%ﬁﬂnéé%%ﬁ%?ﬁﬁﬁﬁ?g3ﬁﬁggé?§§bXp§§ﬁ?@%P%ﬁ8 process is

active nore odetb@dH peouths Mikhy Sk Yunclibeal with ¢l 68s femedpeitecondewaile act ual |y
both be active at precisely the sane instants. Nevertheless, the two
processes ar eP¥HAYpISREEME yidse maniering Brcessanightigqpise Bty oHBOTE fFaRespr ocess

and the SeCOB%Ss %o%‘&a}ﬁg%{?gﬁﬁ%ﬂﬁgﬂnc?iBHélﬁg.r hPleh% Ve thd it déthtﬂSH%éﬁcg@sr e of

course limts processes are CcoNtenpor aneous, as to
whet her they mightbulydid aztive Grawp beipf insdredly durfngreesosecofid, witidithavieski | 1 i n
the art would not consider nost flanme detection prqogesses to be .functional
if they were BORIRERSRIOBTSS {S WhHYE MOEF OW?ﬁﬁ"@Fm‘ﬂ}@E"t (YR Prpcesses qugRct i on

m ght be consjder Q&uﬁlgr p&hwa&werw;,re%e@gﬁ@s&?é inStahis O NeQErthdl&s WRE Bvo MDSt

flame 15 detection processes woul d” not functional at such a frequency,
since a f| amepwaessesoare gonsadeedytodw doocurentibs toagtas hbthtthe fest prasessramd itherut e or
| ess. Thus, sucha(?m;}))r ocess .. woul d not. be contenporaneous with a second

process per f of57e cesrduRction aPRPTIRIELY QMERERS t i s not perf or ned

ef fective|y. Acceptabl erfiagtd Odhist YimifSs W whethbewy sieestaare by a person
of 20 ordinary skill in the art, is the key criterion for interpretin

cont enpor aneocst@sorancous rad@s ta whetherf thehere durdtivntngiappropriately. 4Aopeisen 985 are
consi dered conte

or,aneoys so l.ong as their functi | e & t. It
i's noted that o5 618[’1 n waaﬁtl ‘f'?‘l‘lﬁ “ﬁhceonl’c‘lgaﬁrin? Setr%ﬂe 462%?1()?;3?%0? %’3%8) bséergond
processes ar efipgfibidl ifey wetchRtivitbEonlftoacsipdrinviatte! Byen tirighifidee deroded and
input into 25 the first and second processes,_ or the processes thensel ves,

or both, nust mightgeicprsidared tolfe tongoingralesame definitéen ofithe werd.mast flame second
D el T o Rbcest Ao TRAD LA RAR L O RLY, SR i caffa @

must be d e processes are a i mage erived
from the i mageccueBs®srominta substantidl ereqitin 6@ mérandior lpsso CHRIS, sudb a lpkodess not
sufficient within the scope of the clainmed jnvention to rely perform
exactly the s&’ﬁéldﬁ%béﬁgnt?mp%@newsW@eaose&%‘%ﬁ’facﬁsﬁ%rfmﬂg’ége 8218¢ gnal

€11 Tl i 0 R fgal, e g st Lo separte v oo
, process in accordance
with the principles of RAkeepfable functionality, as would be understood by a person of
20  ordinary skill in the art, is the key criterion for interpreting contemporaneousness in
the context of the claimed invention. Processes are considered contemporaneous so
long as their functional needs are met.
It is noted that in order to fulfill the requirement that first and second
processes are performed, either the data derived from the video sensor and input into
25  the first and second processes, or the processes themselves, or both, must be
different. If the image data used by the first and second processes is identical, the
image processing performed using that data must be different. If the processes are
identical, the image data derived from the image sensor must be different for each
process.
30 It is not sufficient within the scope of the claimed invention to merely
perform exactly the same process twice. A video camera that produces a signal
which is merely split, with copies thereof being sent to separate video monitors, is

not performing a first and a second process in accordance with the principles of the
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WD 02/ 093525 PCT/ US02/ 14609 clainmed invention, since the image data and
the processing is the same for both nonitors. Even outputting the data to
a video nwoickoe3sahd to a video recording wunit woul d not PamiEshy14che
requirenments of the clainmed invention, if the inmage data is 5 the sanme in

bot h cases. 1. bot h ases . (] ' | . i fsor and
recording i t‘,glal eéing‘tée[nglolﬁ’ssuécsestgén{nlqioﬁ%ﬁfayungg%éé%rgg%aﬂ@}lgth%%aﬁf ?%Plﬁﬂsotg?be sai d
to undergo a meuitdrs. process”. However, regardless of the term no
appreci abl e i mage processing has been perforned in either case, sp this is
merely a matter of usi ngven@RHipg thedatn te ayides mepitor gad 3¥idFREGe PR cess,

based on the §rﬁmohlﬁ%§s£§§fmg g%%gg@gn@;og WMieR rirﬁ‘éﬁﬁén,@?th@{i}?xa%g ddihg first

and second processes | ong as the other he first
and second prtheesnen bahpadeses sone ot her form of data processing, i.e.,
is not null processing, _.apd/or the i data for, the first and segcond
processes is different. quot}gﬁﬁgmwﬁ%ﬁaydyg Yi‘dﬁ%fi?fa(?nfad?orﬂg’??’&%ﬁcﬂ B&vo

cont enpor aneoliSe AN Qgﬁfaﬁ?%ﬁﬁ%@e#&.al@ﬁﬁélﬂ%%%e@afdhohﬂﬁer@bia"’ﬁﬁllP' es of the
clainmed invention 1ncludes the step of generating a video inmage. At |east

two first frapmesesshdHaweydruregardtegs off the tarmnto Appiesisble irmagamracessidg hpom t he

vi deo i mage. First and second rocesses are then perforned usi t.he first
and second frg??@é’effg%“é@flie\VBFﬂlc.agﬁ?%%ﬁ‘ﬁlsfrf]?rgﬁl aa??att%reog(]}ﬁl&g 888@? ggevécre
per f or med; £ ONf ARXafRGRIMBE ?mcééé?@as%@@ﬁ tHe@aieibfddatene process does not
significantly interfere wth the other. In certain enbodinents, the first

and second frames may bEhe esecifaginlieroceanas ong of g Aishansdgseeonrd proeessestip ames

d second frare: cifsio ot s |
frams. 25 A baoarighey e dFab Ot REhnd SoPiibpRef LbLECURE: F7 000

may be non- exmbtim®f datdPhodebaig, alet, ad mut MPIl pheetsing and/oatRImdgedataddr r educe
the portion of the video imge that is available to produce second franes.
The first andthsdugrmadsecond prosggsepis dEegPhed with different i nage settings.

30 For ex%*rpl e, if the Mreﬁltbogﬁﬁe%?ﬁg%h}%h}{é)ld??f%%ﬁ)ﬁgﬁ%%c&% |TRRSuSet tings

for the fiTst franmes may be suc s are réelatively
under exposed. imBeoapieeeshésifiascardance evith the phidiples of teiclahyd thaektidmmages are
of ten prefert 'edl e siem%) ! E:]rglgerzltliﬁa1 nf\?ideoHioryl\ae \é.erA’t léafst t't[wrz)eﬁr%te ﬁ'grrr}gs ;Burdoff ess is the
generati on of in§ludghths step ot g g g
plurality of second frames are obtained from the video image. First and second
processes are then performed using the first and second frames respectively. The
20 first and second processes are performed contemporaneously, such that performing
one process does not significantly interfere with the other.
In certain embodiments, the first and second frames may be
exclusive. That is, obtaining the first frames reduces the portion of the video image
that is available to produce second frames.
25 Alternatively, in other embodiments, the first and second frames may
be non-exclusive, such that obtaining the first frames does not reduce the portion of
the video image that is available to produce second frames.
The first and second frames may be obtained with different image
settings.
30 For example, if the first process is flame detection, the image settings
for the first frames may be such that the first frames are relatively underexposed.

Because flames are very bright, relatively dark images are often preferred when

imaging flames. However, if the second process is the generation of a human-

5



5 WO 02/ 093525 PCT/ US02/ 14609 viewable inmage, the inmage settings for the
second frames may be such that the second frames are nuch brighter.
Because pwploemng3sahd solid objects are generally nuch di mrer/uSazanehd anmes,
it is often necessary to make the inages brighter overall in order to nake

the obj ect s and, pot a5, HhSren, SLEATLY LSl RS B THE M Epuliae My De

! 1€
col or image. YIFW ranes e color franes.

Thi s enabl es qpedd/Fiamedre IRhibHRERr.IBEQUscOeridig and 8blid oléctobiegehaaliyer ei n.
As noted previously, the first process may include flane detection.  An

exenpl ary fi r@uchdisyeedhinfames tds alencrecrssaryiaynakednamagenbrighteryeral of
generating a i%%%gerfté Me?l{ledor‘?i&'{'%ﬂdgﬁ?%n% {h%p;{?n @l%aﬁ?gismlé.sat frames. Each of
rames have a plurality of p

t he base and conpari son I Xel s, such that for
every pixed in the basthd vide®inidpemeay tee acvdorsipae.alikewises thedpstradidng pi xel

In the conparison frame. Each base pixel and its correspondi onpari son
pi xel make upseAOhirAMeEsTHAY be polar fepmes ¢ This sn?é’gesr?a?ﬂyslé ot Birarfer beped g ghe
plurality of pixelr BadfSherttn | N the exenplary first process, at |east sone

of the pairs are evafuate I ndividual |y according to a first property,
such as a difference i nAswuetediptevioushnthietfirst fretose sy imdudsalanadeteactonpar i son

pi xel s of the pairs. If a first threshold_ fotr the first r r f the
pairs is nmet, the pai r AR EXCTRRIA) E‘é?%r&cetsﬁf%jweo%tﬁéﬁopgaﬁﬁgﬁg? &%_s Rfrs
are assenyy edyf Aherath®R%aRAsAAe MY ddaasibt #8mehs RATHVrARsT Bach bfihe not ed
that bl obs 20 are conStructs for evaluating whether a fire is present.

Al t hough a bl bise repeemparison framsehavet 4 plurafity ef pikels,isychiat fscseyaixdlyn assunmed

to be a fire. Although cert ain. Lications, detecti b
consi der ed_ SUPPPETRGRER Bersioma st B EBhuBE B R F B RoR 8Ty
be excl uded apadhasé hixeFarits deebidmpabinphisonfsikel K UiprERHiS FHeS th n

further analysis is desired, the pairs 25 nakan up the region of interest
may be eval uaﬁ@ﬁﬁames)myhgcomﬁl@rgg@cﬂ-muwltm&my@ pPalrhe second property is

different, fromthe firs [ Qper t repr t . ' of
physi cal paraneters, i niﬂ tﬁﬁ Fgegmé)%'iy fllr){gt[prfq%\réns’tagp agtgsg{}ﬁeoq:@)c{ﬁ Iggrlrs%tre %&%ida‘?é&/

i ndi vi dual paindsidially a8édriiageds €irdt rdpeitgBudk as a difforeibe\in duerhll paersity t he
difference in color of individual pairs, the varjiation in_ bri g%n?ss

bet ween pai r sbetwpen thgbpsg angrrompagepngkes obbewaiss Ifaifrret thieshold &oniBe fistof t he

I L T T
eval uated to getasveribleal inteehilbey basbdyn tieatatus cfeearbgt pairs. It is noted that blobs
20  are constructs for evaluating whether a fire is present. Although a blob represents a
potential fire, it is not necessarily assumed to be a fire. Although for certain
applications, detecting a blob may be considered sufficient to indicate the presence
of a fire, blobs also may be excluded as non-fires by further analysis.
For embodiments wherein further analysis is desired, the pairs
25  making up the region of interest may be evaluated according to a second property.
The second property is different from the first property, but may represent any of a
variety of physical parameters, including but not limited to the color of the
individual pairs, the difference in brightness of individual pairs, the difference in
color of individual pairs, the variation in brightness between pairs, the variation in
30  color between pairs, the geometry of the blobs, the motion of the blobs, the
aggregate brightness of the blobs, and the aggregate color of the blobs. Individual

pairs and/or entire blobs are evaluated to determine whether they meet a second

threshold.



threshol d. 6 WD 02/093525 PCT/US02/14609 Simlarly, the blobs and/or the
i ndi vidual pairs making up the bl obs nmay be evaluated according to a third
property,we okossseh property, a fifth property, etc. Eachpomaperisconay
either meet or not neet a third threshold, fourth threshold, fifth

t hreshol d, etc. The properti.es | gct. < - Mol i.fying
non- 5 fire sources asqﬁppggyﬂ*ggxﬁgEﬂ@@gﬁg#&ﬂﬁ@gg%%3§$ﬁ§¥ﬁ%ﬁ§%g§gﬁ?hen in

turn eval uat eflay be evhtiiféd1dderdideiolathira pidpefty vd fourtherepeny| aéiftkgprapettyer a
fire or a non-fire. This evaluation may be Eerf,orrred in varie%g/ f ways.
In a sinple eftbolrchaneperyonay eifhemprcst o ips mesty thitd thrssheldfourth thre OiCi/) ANDed

her. O i d | i
t oget her h@%]i‘ gidTEaL fsf hgg}(op]eglés %Ag}%eseﬂbﬁhgg LE[8 APl ﬁ}en{lggr?’lﬁii?ﬁ%'or  cal

conpari sons, culatiron o rirvatives, evaluation of previ
i mage dat &, afid/sonrced icfiregval uati ve steps. In an exenplary enbodi nent,
regardl ess of the particul i

ar .anal yses erformed, a m ni num nunber of
positive results would B‘Erﬁé‘ﬂffic’% SFB"%}{‘)@OGSQTG tg%‘t’é‘rtﬂph‘?igr‘@# Hat a
particul ar recﬁ’étéi-ﬁﬁ&?R&h@ﬂiﬁob%ﬁb&@@ﬁsli&feﬁ‘??flﬁfEﬁ?e &1 4 fod-BrPrBgENt in 15

the viewing area o e video sensor. ire is determned to be
present, an atvatuatios nguydke pesfosaet in afagiety ofivepyal & asiynlecmbedimfeot, ferar i ous

pur poses, i ncl udi but not imted to, fi al arm control. _panel input,
vi deo system ‘?’?ﬁ‘ﬁlﬁ‘? 2 ﬂ?elféfuq§é’ﬁl"tdé)eslﬂ%'f?lb? ‘f‘w egé?ge@l}ﬁri g) e&feng’ﬁginmn S T4/ or
vi si bl e ajgar ”ﬁclulaélﬁisﬁ rh BloR@ R qdnch Ichb@paridmE &akalkidn of Hediati?kg0 t he

purpose of the clained invention to provide a method of 20 adjusting a
vi deo sensor . evaluatinn efrprsdionre histagfcalkimage Hafd, dnslforaifien svalhafive sigpdeo sensor

according to the princjples of.the clainmed inventi > t y

i ncl ude the steps of ;]'tﬁljagsegﬁewglaéyWﬁg@ﬂggﬂgﬁwﬁ%sfﬁ?&gﬁ%@ﬁ%@ agglsltségﬁgs ,
and obt ai ni Ngp@formedsd mind@ufn Hudiber bf poBRSve rEQigtsWolkDbS fiaaRed tosyitiden adj ust ed
to second imag;: settings, and a plurality _25 of second franes are

obt ai ned. Al t dqterainatignythataipartigadas sepraseptsianfine and thafdheretose a dire B@ressiing a
video sensor,to.fi.r i ttd , i:Qi A5

adj usti nglnjtS heth\‘?ivg’gvomét‘érr?gg? gl%t‘%&s?eggg% ' }f‘r)fég%% lgg%}tg?ﬁag&&i’iefé eas%’ a%%ieim%lecond
frame is obt aiiped isdent. &lagacipndlsint@gs: useé fdrivagsus firposes dacludimpdat néts t hen
adjusted again to the first image settings, a 30 c(%{lrlgg[‘i son fr}?nerﬁitjs

obt ai ned, andlimped {9 fire @laswropirol panghinpyt Bidep system i desenrsa shytpffe

settings agai [l af§e0r Mt abior idble Rifas 2 the ke SERR WiphleitRits! S

obt ai ned at ,
It is also the purpose of the claimed invention to provide a method of

20  adjusting a video sensor.

In an embodiment of a method for adjusting a video sensor according
to the principles of the claimed invention, the method may include the steps of
adjusting a video sensor to first image settings , and obtaining at least two first
frames. The video sensor is then adjusted to second image settings, and a plurality

25  of second frames are obtained.

Alternatively, the method may include the steps of adjusting a video
sensor to first image settings, obtaining a base frame, and adjusting the video sensor
to second image settings. At least one second frame is obtained at the second image
settings. The video sensor is then adjusted again to the first image settings, a

30  comparison frame is obtained, and the video sensor is adjusted back to the second
image settings again, after which at least one additional second frame is obtained at

the second image settings.



the second image settings. 7 WO 02/093525 PCT/US02/ 14609 That is, it is
not necessary for the first frames (i.e. a base frane and a conpari son
franme) towbeoesseecutive. Rather, one or nore second franPsTEsy2/be09

obt ai ned between the first franes. The first and second i mage settings may

di ffer considerably, s .to . 5 be suitable for Ldifferent ' Lons. In
an exenpl ary enbodi nen??ﬁlat%ﬁ% 1p PR NGCRSSAY ors@ﬁfﬁ%dfamr%sgl'%e%bsag?&g%'ﬁghégr fire
i magi ng, and ¢depasieswiemeyRAR cohbdcufit R@NerPéne Grthérelikeoriddtantsndy e

i magi ng. Regardl ess of the precise inmage settings or the order in which the
franes are obetifinedibetygen thedisst ffamgses and second frames may be obtained in
such a 10 fashion that §Tdb L Qaidil : t 8RS aneous
processes. For exanpl e,Tlg‘%g%'é%{eﬁsseHo lgr%ghg?tlil%ssl%lﬁgagfrf%ggﬂés?&e%r%@ﬂ’gs a(reléél

obt ai ni ng & hebd suitablefforadiEferentypplivatiquer Toamexkmydary endyidithent, the fiesd image t o
significantly affect the steps oft t he _secondg procgss. When the anount of
tinme used to YEHES My hersuitable dor fire dmaging sandithg seopafl ymags sattings iay R nera i s
free to be us RF efirAHapRses When first frames are not 15 being
obtained. It ﬁgtaﬁur?lﬁ%@nérree tagle%iour pose of the clained invention to provide
an apparatus for perfoRegandjessdfthgyprecisomagepeitiageonthe ordegimyghishteesses. An

apparatus in accordangce. Wt he _princi pl es the cl ai ._i,nventi on
includes a vi g@Bess"éﬁ_Q 'iam_gﬂatg‘f’&@&tff’(%f“eééﬂ‘gFeﬁPPﬁbagleﬁmgg’eio gd IKS‘_I’%?TE 20
grabber i g i neGRARRURE BRY afuddblelin FRR add SRBnE BAREIpoAReAS phdcfRb.aFsr at | east
two first frames and a plurality of second franes fromthe video sensor. A

processor is é¢xamplethmstepsatfiadiusimg the imagef setiings gndbbleimingrthe fisstdasesonay s

adapted to ont eppor aneousl.y. performa .firsSt nrace usin he first
frames and a SeRGHE™° V%@é@%‘ﬁh&%ﬁs '_?(ﬁ]éo _§1§315Tr§?8m?yr§%’é:§ﬁlefﬁe Sgﬁt)haersgf%nél al so

i ncl udes at | 5@8dssOMEhelhPathowdh ol EitieGed o %ﬂ@ﬁﬂﬂh@ﬁ&ét%ﬂsﬁﬁeldﬁ@egr ocessor,
adapted to generate a first out gut from the first process, and a second
out put from t $malk sheoramness isdeesdo be Hsedrfortbpppupyscs wbhea i ffamses aghnddppar at us
in accor ce. W t h principles of the clainmed invention, the frane

gr abber g@tqa'e?%n%% 1élgd'frame and a conparison frane as the first frames.
The processor identifi el igfupthem@dre the pripdse ¥EtR cBimed imaationfo groeidbase and
conpari son franes, each hase pixel being correlated with a spatially

cor r espondi ngaRPaTAss foEBer fQsmig MyKIPIeCANiFRATARCQUS IFENG PEPCEeHai r s,

An apparatus in accordance with the principles of the claimed

invention includes a video sensor adapted for generating a video image. A frame
20  grabber is in communication with the video sensor, so as to obtain at least two first
frames and a plurality of second frames from the video sensor. A processor is in
communication with the frame grabber. The processor is adapted to
contemporaneously perform a first process using the first frames and a second
process using the second frames. The apparatus also includes at least one output
25  device in communication with the processor, adapted to generate a first output from
the first process, and a second output from the second process.
In an exemplary embodiment of an apparatus in accordance with the
principles of the claimed invention, the frame grabber obtains a base frame and a
comparison frame as the first frames. The processor identifies a plurality of pixels
30 in each of the base and comparison frames, each base pixel being correlated with a
spatially corresponding comparison pixel so as to form a plurality of pairs.
In such an exemplary embodiment, the processor is adapted to

evaluate at least some of the pairs according to a first property. The processor is

8



In such an exenpl ary enbodi nent, the processor is adapted to evaluate at
| east sone of the pairs according to a first property. The processor is 8
WO 02/ 093wD92/03624)S02/ 14609 adapted to identify indivi du@icTasoz/s46as bl ob
pairs if a first threshold value for the first property of the pairs is

met, and to assemhle.fhe.hlgb.pajrs in bl obs u an ran Nt
sui tabl e for HPER isBasandidial b g oromat e B fhrfbeR{ {ANPRIRY ok
detection. 5 Ji3ferBf OGRS pAts RYet RRATY bisBRblAHABIBDalS iRY Bldb3L € each pair
within the region of interest according to a second property, and to

i dentify individual paiS$ech aararapgerhénsissuitebleifoninst prosessergineliding: byawt i ng a

second threshpld.,.Simlarl .t he processor nmay be adapted to eval uate
i ndi vi dual pgﬁmgedE?nﬁ?lg?dﬁtlyestb%n‘accordi ng to a third property, a fourth

property, s fifth propeTkeproedssor belﬁmermﬁteheo ediepte eBei pairwillinnkd  neet
athird threshold, fourth threshold, fifth threshold, etc, |In _enbodi nents

wherein the flegion ofimeissiacrerdingdee sqeandarorsaty, ankto idensfe SXBYIdE P8 Fmy be
adapted to i d&%{/ fﬁ(ob%%@.eﬁﬁeljmée%ﬂq logh& rﬁéetffgqas%@éddvtﬁregfxola. fire, based on
€ ations. e app

the results o N previous éeva pparatus includes an

out put nechani sm i n congiuilaglgt ihe provetdor ntalybepdapted woavalimttaiptziduabpgener at e
a first output fromthe first process, and second Oufltllﬁ];lljt frlggm tthe second
process. Sui t Y biehspgeording;te adhird,property, afgerthy PROPRRY, 4 Bith PROgerty,fic- a5 ¢ 1 ¢

al arm confy ol 1 RANG or i¥dydfct Db GBI Gt G P AEShol & ftirBafreIRAH! Sfh an audi bl e

or visible alarm a recording nechanismsuch as a video recorder, a fire 20
suppr essi on nhedsholdsers. and a cut-of f nmechanismfor fuel, electricity,

oxygen, etc.. The t f I incl dj yst i hani f
o Dot ng. Cihe 1 mage SaletndRine WhoimDg Mot attes b s StERD: Mo han sm

i n conmuni cat fr,]@eessw 418 B L LEHRIASB MLy SitLorafbre PloHAGs TRELANE DMk firdle
control nmechanism being Tadapted for controlling the inmage settings of the

vi deo sensor basedion the reiltsoff tiRprivdovweevaluatiang®e settings for generating the
first fr s and i nmage ttin f.or enerati.n he second franes.. Eor
exanpl e, a{? an exenpl ar?Eee?ﬂ?&gﬁ%f‘?e‘ﬂflua%eﬂnequﬁ?utPﬁegﬁ?rflf’rgtm ﬁ?%@ggggﬁén thrre
detection, th@epastcERl, AMHBAR Sdheritéla Afkt BafpuNBoMBEO AR pocesPandeseapt ed to
adj ust the inage settings between settings suitable for flame inmaging and

settings suiteupet fram theowecondprecdspra§iitahle @opicsiepsimchda b prenatdinisd i n
accordance w {ot]atﬁpee alBf; ! rc]c(>:r|1 Al%%ne(ifviagoeswitching equipment, a video monitor, an
audible or visible alarm, a recording mechanism such as a video recorder, a fire
20  suppression mechanism, and a cut-off mechanism for fuel, electricity, oxygen, etc..
The apparatus may also include an adjusting mechanism for adjusting
the image settings of the video sensor, and a control mechanism in communication
with the processor and the adjusting mechanism, the control mechanism being
adapted for controlling the image settings of the video sensor so as to switch
25  between image settings for generating the first frames and image settings for
generating the second frames. For example, in an exemplary embodiment wherein
the first process is flame detection, the control mechanism and adjusting mechanism
may be adapted to adjust the image settings between settings suitable for flame
imaging and settings suitable for non-flame imaging.
30 An embodiment of a method in accordance with the principles of the
claimed invention includes the step of generating a video image. At least two first

frames and a plurality of second frames are obtained from the video image. First

and second processes are then performed using the first and second frames

9



clainmed invention includes the step of generating a video image. At |east
two first frames and a plurality of second franes are obtained fromthe
vi deo i mewe.02p352§ and second processes are then perfor medTasozygucone first
and second franes 9 WD 02/ 093525 PCT/ US02/ 14609 respectively. The first

and second processes a erforned concurrentl such tha ryi.ng one
does not si gnfels?ec,cﬁﬁap'y ﬁﬁ?‘éﬁlﬁgﬁa ée%“& RmﬁS?SF%?rﬁiPﬁbmFﬂ%‘P%‘{ gr}r'ent%ﬁéﬁ |tirﬁstt and
second frames &1 e Hot Sigrifivamkly Ghtkrfere Wit pea foiming the o€tet.ai n

enbodi nent s, It)he first and second franmes may be 5 exclusive. That is,

obtai ning the first frakbsfirstantdsesondbapesmpyhe silated i 4 Vaedy PHE§R S hat i s
avai l abl e to produce S?ﬁlo&gtafnre%%ao%imgx%, tﬁéﬁ#gpkr?d ﬁ%g%/ﬁlra penal video
0 ra

. S .
sensors produce video inmages as a Seri’es consecutive S, typically

measur ed in fgaMBdvep lhasBeotginingfthe Gt fiames fedutes-the pomidn o theaddaf infaganes,
two are generated as_dedicated first frames, such a 10 conventional video
sensor w || niet isiavilablgtedqueduse seeondd@meécond frames for the fraction of a

second necessary to pr ogwﬁg@?;&hwyfcbﬁ%ﬁgﬁﬁ%o s@illsfo?srxlg}‘laﬁﬁééesjiﬂeo ihﬁﬁ@é her

enbodi nents, the first an anes nay non- e usi ve, such that
obt ai ni ng t head i sesies bf comBscutioe franes, typidaltyemedsarquontfraores per seched. vifdes of nage

that is available to produce_second franes. 15 For,. ex le, it is. possible
in principle #8ngssrond éﬁesé’?@?ﬂ’éﬁ tg’@ﬁéi)genef%%ﬁfasiCg’décéﬁg%ﬁ/féa‘?%’ $hPnani c
range large eggughridgi SSwiPidt sfrhdiBingslyodudd deBond friined WorBR

EQE%E@
vi ewabl e, 1 mages, and that has sufficient dyndmc resolution to provide
usef ul i nf or mhétom cflacatondatebessanyds penddcathe-tvo fiastdisgmsst s. Such a sensor

coul d produce an inmge erej.n.law i.ntensity val ye ul,d cl | v_depi ct
non-fire 20 objects and 8‘61_61%‘?13"889&\‘%8‘?@?%11}4}??%?1kheﬁir\épnaéﬁdtsﬁc%gﬁ%ﬁges H d
clearly depi Che Aorf-EXxQusivd, SudhSthitUbeddnih @e @Y frithsd'ddes nBRRAURNHS PSERE off

certain range of values therein. For exanple, in a sinple black and white
i mage, there ths vidapamage that iserailahdato redurgskrecnd feamage (bl ack) and the

| i ght est ade (white) therein, This ran is.neferr : [ s the
dynami ¢ rahge. 25 In ang’i §XEPIG LS B%S';?%\}‘?ls LPar}n%|lpr1r§Ig()e&)tngguéa;’7l n@?ﬁrogsle{r?saogge can

be split intothabRABndIEN tOWNdyREIMTREangd vl enbhgh B icombassibottefidraadinog, f or
exanpl e, may have only two values, black and white. O course, many
so-cal | ed bl afike, apdhumdan dewabie dmagesnand that has suicicnt dgpangic reslitioior ~ i nages

| ncl ude one Orro@?déet}sgﬁgg&@m{a(ﬁrgg B8R BoRPHRE and Héh-BHTRGEE T SY@ H&fisdNt 0 whi ch

an i nmage's dyplam an
could produce an image wherein low intensity values would clearly depict non-fire

20  objects and people, but wherein high intensity values would clearly depict a fire.

It is noted that any visual image possesses a certain range of values
therein. For example, in a simple black and white image, there is some range
between the darkest shade (black) and the lightest shade (white) therein. This range
is referred to herein as the dynamic range.

25 In addition, for any visual image the dynamic range can be split into
some maximum number of values. A simple line drawing, for example, may have
only two values, black and white. Of course, many so-called black and white
images include shades of gray, and color images include one or more shades for
each color. The number of values into which an image's dynamic range can be

30 divided is referred to herein as the dynamic resolution.

Dynamic range is commonly expressed in bits. The number of
separate values that can make up an image is equal to 2 to the exponent N, wherein

N is the number of bits. Thus, a one bit image has only two values, such as black

10



30 divided is referred to herein as the dynam c resol ution. Dynam c range
is commonly expressed in bits. The nunber of separate values that can make
up an i mewe mmIBaiial to 2 to the exponent N, wherein N i ecrhsonwsber of
bits. Thus, a one bit imge has only two val ues, such as black 10 WO

val ves, and BBie KAy e HayBavd}p OB Sed BT Gl

both fire andyp@ntd,7772218biafeks i n the sane inmage requires a very broad
dynanmi c range, since the difference in intensity between a fire and nost 5
non-fire objects is verDepigtingbothfirgandnansfits abgestsaintiheysamp Mage EEQEEHR Ut i on,
since such a broad dynam c range. t it .1.n V, | der to
provi de usef ul vy sﬁ?agr%??gnra?%egglrn g? ihﬁ dgﬁ%r {Mep%rl tf:%s(ritg rﬁ%w%elnea t?ljﬁe%n? Prg%% and
non- f | ame orhdofife) objédieiseefy latde. Isalstoieqairésheliigh aihambic gesobnivh; shéesaichve
video sensors with sufficient 10 dynam c range_and dynam c .resolytion are
not known to ®broaddynamicaange myst be s 1pto many; lgvels 1 grder tppyeKids useftie

principles of. | Al ] L L NE U SRl bnbf and when
such a sensorm%&e}glg%@lr%gql*lg%rﬁgﬁ b%g?pggﬁ\%nﬁﬁﬂa Vi de%ﬂggﬁrglo?s) have a
dynam c resol theieofi of approxinmately 8 bits (256 | evels). Although it m ght

be possible to set an 8 _hit vide 5 sensor. to cover the full range of
pufic

o ..
intensities necessary t¥ 1%Beted thahesligble; osketlertive giflep sensopvik ¥Btause of
the | i nt Wy i £ : _ 7

e ltargeggn ﬁgﬁ%%raglgg{aﬁ&a Ef\ga‘?rluc fdsbRSioNat tht REoWR S BSSRH186e aMHeRindby 2

very few of t evels at the top of the dynam c range, and
non-fires w tthisofiling. dewever,fthevptinciples ofthe chaamébinyemtianfinclnde siychaui ¢ r ange.
As a result, the.i nat%ga‘(j@abitg/ :qor bottg fires ain non-fires would be so
poor as to pr&ebefjmen BRER Sueh A 7808 O WS\ EAAFt h a vi deo sensor
having a sufficiently | gecshyBRMENAI vil&s@ndérs Bve £apdniit adtBludibnbile Vi deo
image could be utilized inits entirety by both the first and second

processes. Thapproxiately B bits 256 leeadDndlthoughel mvielil be nessiblgdnsetanl bipvidene

anot her, t hough the firs nd second .processes for i e first and
second 25'%ra _oraff)éo_t‘ﬁ%ré%e h*llgrﬁ{lged?etﬁptgpm. FRURCFYAY0 ¢ te\é\\{{r:bogﬁrﬁ té%gaélﬁdrélr?ﬁ has the
advantage of fifd dHddts; bedaus@Bfthalldge mtesmé;deﬁffefrafce,v&feywr@emmpxresém@

anal ysis, since a very broad range of data is available for both the first

and t he seconwithoobesvwy fevapf theRapiavailaple \gyelhatethg topef thedvramin sngsgduch a

broad dynam CnéRRES with only a very few levels at the bottom of the dynamic range. Asa

result, the image quality for both fires and non-fires would be so poor as to preclude
20  useful analysis.
| However, with a video sensor having a sufficiently large dynamic
resolution, each frame of the video image could be utilized in its entirety by both the
first and second processes. Thus, the first and second frames would be identical to
one another, although the first and second processes for which the first and second
25  frames are used might differ greatly. Such an arrangement has the advantage of
simplicity, and also provides for very comprehensive analysis, since a very broad
range of data is available for both the first and the second processes.
Alternatively, with a video ser;sor having such a broad dynamic range
and a sufficiently large dynamic intensity, the first and second frames could be
30 produced by "clipping" a portion of the dynamic range of the video image.
For example, if the video sensor produces a 24 bit image, 8 bit
portions could be removed or copied from the image to produce the first frames and

the second frames. An 8 bit portion near the top of the dynamic range could be used

11



and a sufficiently large dynamc intensity, the first and second franes
coul d be 30 produced by "clipping" a portion of the dynam c range of the
vi deo i meye.02/0b33es5 exanpl e, if the video sensor produces aPpe4/usor/1460mge, 8
bit portions could be renoved or copied fromthe i nage to produce the

dynan . 1 angeloaRtch i TEr ey Aol tobp e SpE Rt iR 0y 11

fires, for exanpéeoul@Bs used 18 phbduce@hivman-viewabld ingagbot t om of the dynanic
range could be used to ﬁ{oduce a human-vi ewabl e i such

rra%% I n a g\fse
rather than processing H sughpicase; Fahes thap pracessing 2 24 Pitgrame (utts 16,7 (428 (once
for each of t ' ' Dagrgﬁ Wek Pwitge only
256 | evel s ea@ﬁ?ﬂs’c%‘a{;ed(%gge Eosgggg%@égﬁﬁiﬁig : Owrsogﬁ%ég)t{?[e advant gg lo}?
reduci ng the piloes6éves dackactoulisbesproddssad iasteamt. riBliis iss the hévantagstofand second
frames coul d be generated sinultaneously. Conventional electronic video
sensors such ’é@gu@@)tl(wa?‘ij@né&?ﬂi ed 10 device) and CMOS (conpl enentary
metal oxide seni conduct BSeinaf0S AR Ofirst i ecbRBfraShd LARF bABerEIAY Of
receptors and convert tﬁé)dfl?tg t |entao el ectlrrsi C chegr ge. aThe chargeé from each
receptor is téiemltancouelyted into an array of pixels that forman inmage. In

lications, the ¢h ted b h tar.is.dissipated
when the receptor is reGanvaeRdislFoRenEidensoine FERanEED Fopepitetad
i mage. 151dH0Wg48Ee) ahll CMIOS Gt HlBmbiftaryBASHY SGddMehtifstdubioPSdeRgrs Mkott , t he

sensor can be used to sinultaneously generate two images wWith different
|i ght | evel s. ligurthatewilep e arrayief tsheptere and oonyvedhalighviple desticehangn. akhe untii |

a first tine, ,at ich point  the charge at. each rec

measur ed, anddéi’rﬁ,\gg‘?‘ ?E%ﬁege%ﬁﬁsgh%lecogggge?‘éag a"\ﬁf{%ﬁ?’ Eﬁsr@?ﬁaﬁ%?ﬁ pati ng
the charge, tfhRadeed8BbME SppiRUtishsDBre@hhr@pendrated B chdhuecépordD dRsiputtl at e
charge until a second tine, at whi ch poi nt the charge at each receptor

woul d be neaswhenthggaseptorantead, thercbmeesettingthatecapiprfer beagkidmagThe i mage
t aken at e first timegMll b e | . the. . |E n at
the second tine, since 8?9%%‘3#‘3%511% %lgﬁrée\g‘g& gcggvﬁ&r}ugﬁ?tarq&ésgﬁ t]?gtg}g?l %ts\%\%% g

di stinct frangm & &eltedhrltatiéoublyidefera@n®osinagds witlndiffereit tighttlbecls alfer vi deo
sensor, but 25 with different illum nation |evels.. Wth,such% .
arrangenent, exanplethe chargmeanlidbe plipwed taagenylate anti] st ig o Wach BeiRkd

with the secofd §LARESaditbceplorWdulEBEMEadut@iNind £ %Gk Fram2Qudilidbe ERGtl! T St

Without first dissipating the charge, the receptors would be allowed to continue to

20  accumulate charge until a second time, at which point the charge at each receptor
would be measured again, and a second frame would be created.

The image taken at the first time will be generally darker than the
image taken at the second time, since less charge will have accumulated. Thus, two
distinct frames are created with the same start time, using the same video sensor, but

25  with different illumination levels.

With such an arrangement, the first frames of the claimed invention

could be formed with the second frames, but at different light levels, so that the first

and second frames could be used for different first and second processes.

Brief Description of the Drawings

30 Like reference numbers generally indicate corresponding elements in

the figures.
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and second franes could be used for different first and second processes.
Brief Description of the Drawi ngs 30 Li ke reference nunbers generally

i ndi cat e worieesysehdi ng el ements in the figures. 12 WO 02/P03358514609

PCT/ US02/ 14609 Figure 1 is a schematic representation of an apparatus in
accordance wth the principl es I -' I § IS a
representation of an g@gf’g{ gﬁalsgixeré%ﬁor&)ﬁ%%%‘ﬁ%ob {b\ggﬁf“%ﬁé}mg?‘gﬁc? erz a
represent at i owiththesprificiplés ¢hithé elaingdd iavdndioni dentification 5 superinposed
over a representation of an RGB system of col or_identi fi%gti. n. 'tFi gure 4 1is
a flowchart showing a nEigHER isi rspesniatioael an ROR gystery pf P‘p‘gé%n&fp Phe
claimed invention. Figu i hgym t j
accordance with the prf%gl:sep% gsaargéljetp%@ﬂigfigfrﬁm i n\%gﬁttg?loérﬁblldg%gg? gic?t[ebél
Descri pti an ofupetimpbsedfoveer & eepresbotdiiorcof anRGB ey stemprfeslop uddnsificationappar at us

10 in according with the pripciples, of the clai .invention is adapted to
generate at |east two fﬁrgg’ﬁe‘{]‘rsérékw“gﬁ’aSgowﬁg&r’%?tﬂggmoq’ccgrg%ﬁdwf s, and
to contemorawgyoﬂﬁggg{ﬁé({jn(,&;ﬁﬁnd second processes therewith. 15
Referring to Figure 1, an apparatus 10 in accordance with the principles

of the claimed invent i oRigurecd isdefovechait dhowing asother@ethpd imagsprdanee with
enbodi nent of .t he agrar ?iﬁj‘?\sﬁ 1z hﬁ.vi deo sensor 12 is a conventional digital
video camer atePRAEIPIES O LMEfdnvepiio hat it enabl es easy communication
wi th common el ectronic conponents. However, it will be appreciated by

t hose know edgeable in 20 the art that i s choice_ i xenpl ary only, and
that a vallety of alter M@S&EBUOEQL‘;&?%,WE%Y?@@H@Q IOEDS |\ syt abl e,

including but not |imtR&dnbR4BRALARIYY bl SSharfR Y RSaccrdirfly Witk HR Prifip]
enbodi nent, the video sengor ?2 S g\’/colglgprarvi deo secrclso;r%lz acﬁapt 1epdesf or

obt ai ni ng col ofth¢ niageed inventianria gdaptaditatgenkrateiahlpastdivofastieamesdinf faer ent
wavel engths of. |ight. Ho er, it.wll be appreciated that this i
exenpl ary onl §IUr %mc?ﬁga%?saéﬁd @ﬂ“&%@éﬁo‘@i"aﬂ%%ﬁ?@bﬁé ﬁ%f{;seﬁgmgqual ly

suitable. Al thQueBesh&eivithm "color” is sonetines used to refer particularly
to a specific hue within the visible portion of the el ectrqmagnetic
spectrum & he term " coReferringsodidgue heaneappaiatusrdrinjareardangesyiththeo t he

visible porti f)jrri]nc(i)glest cl;tethg RGNV edtion includes a video sensor 12. Ina preferred

embodiment of the apparatus, the video sensor 12 is a conventional digital video

camera. This is convenient, in that it enables easy communication with common

electronic components. However, it will be appreciated by those knowledgeable in
20  the art that this choice is exemplary only, and that a variety of alternative video

sensors 12 may be equally suitable, including but not limited to analog video

cameras. In a preferred qmbodiment, the video sensor 12 is a color video sensor 12,

adapted for obtaining color image, i.c. images that distinguish between different

wavelengths of light. However, it will be appreciated that this is exemplary only,
25  and that black and white video sensors may be equally suitable.

Although the term "color" is sometimes used to refer particularly to a
specific hue within the visible portion of the electromagnetic spectrum, the term
"color" as used herein is not limited only to the visible portion of the spectrum. A
video sensor adapted to distinguish between wavelengths outside the visible

30  spectrum, i.e. in the infrared and/or ultraviolet, is also considered to be a color video

sensor with respect to the claimed invention.
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vi deo sensor adapted to distinguish between wavel engt hs outside the visible
30 spectrum i.e. in the infrared and/or ultraviolet, is also considered to
be a col owow@exs25 sensor with respect to the clai ned i nveRCirars2/145030

02/ 093525 PCT/ US02/ 14609 Simlarly, referring to a systemor device as

"monochrone” does not igpl. hat. i.t necessarily IS sensit] ©vi.sible

light, or to visible Ii giﬁ?ﬁ/%lféh VECWW%E°oa Sys%ﬁ%@f'%evéccfaaﬁt &y n%%h\/rgrg%sg&ls%’fo?ar ed

and/ or ul tr avingdl@tha italRtes84rfly M Selsitin€ tordsiBlei light,for $o visilénight ohly. adides i on, it

is noted that although the term"video" is sonetinmes used to refer

particul arly senserysdanted toeensegnfrirgd sndlonapwglat ightrae algo Inclded 4 thitose

used for homee tertai nment systens, the termis used herein nore

general ly. th "regard to the clainmed invention, a "video sensor” is any

optical imaging device Incaldaivneitdd nqaed that atihoggh te témmn teidends s@aetimé¢sed

herein and recited in the appended 10 _cl ai ns, incl udi ng ut nqt ILm’ted to
1ng, s as those

digital imagiWgddysefemmartiopary toysigrag foriteplinypus apgles fee
enconpasses “?%F‘@n%f%éﬁ‘%}f%h@%’?krﬁ% YRBlerm S h&dhekit nﬁ%@%enepatl efyfipr ms of

i magi ng, digi 0g, and nmonochronme. As no ed préviously,
bot h col or anrttgamrto ¢ caienedyistention, e videncknsde’ is@ny opiisdl imagiog Hegés ot her

than that in the visible spectrum. 15 Vi sensors_are,well kno and are
not further deaPebles aeﬁ%?@ﬁ%&e #ﬂ%‘%? a%%gfgeg‘dge&?n ﬂ‘f fe§lth1mct&)lf"rﬁl_ﬂRﬁn\é\gqi on with
a frame giRbbghindinclutify Hult3ERlMIEPRAgild im§giag@pstt@rﬂs.fpﬁuspbg@eame@irf,l rst
and second franmes fromthe video sensor 12 and transmtting themto other
devi ces. |n ptetérouTadeo” eheompassas nopyerllgisenventional cauumes dystems pefalyl y

obt ai ni ng succgssive i es_one.after another ith 20 a relatiyely short
space of ti msmg@i {Rgﬁﬁoﬁ%gaé’é“égf ﬂ-}gﬁtagar@r@?&gr (éo_gore dﬁ??ﬂ?ﬁﬁm? h‘és %‘f:’%‘go sensor
12 is adapt edpfeQiotgI)Eh@h 8olofBnd MBAGChESHIPDEYstniimay incRAiStserdtifityapaighper

second, and t%e frame grabber 14 is adapted for obtaining two successive

i mages appr oxptirar thhy thet othi visiblespeetwind apart. It is noted that this is

t
acond | 81% common. vi ded P ERRerSHE welinbE ot bR Ehpd uck iR Ll

those know edgeabl e i NTh&1@idas terdsbiet2 ik lirh SorfimAhiRetiorBwitk @figingd gralbbdr ¥4. and
that different image eneration and frame grabbing cg&abi i %i es nmay be
equal |y suit abheframg gég?béﬂl%’éﬁﬁépt%@rfébﬁlm%ﬁﬁt gadsesgpd fpmestrpm the ¢ o) or

video sensor. vigh0SedsbATPaflf @iHfitifg tiiViohd e0lcly. hifafRullrARE Hameadapt ed

to grab col or
grabber 14 is adapted for rapidly obtaining successive images one after another, with

20  arelatively short space of time between images.

In a preferred embodiment, the video sensor 12 is adapted to generate
an image comprising at least 30 frames per second, and the frame grabber 14 is
adapted for obtaining two successive images approximately 1/30th of a second apart.
It is noted that this is convenient for certain applications, in that a rate of 30 frames

25  per second is a common video frame rate. However, it will be appreciated by those
knowledgeable in the art that this choice is exemplary only, and that different image
generation and frame grabbing capabilities may be equally suitable.

In embodiments wherein the video sensor 12 is a color video sensor,
the frame grabber 14 may be a color frame grabber, adapted to grab color frames.

30 It is emphasized that although the term "frame grabber" is sometimes
used to describe a particular type of device that obtains images using specific

hardware and imaging algorithms, as used with respect to the claimed invention, the
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30 It is enphasized that although the term"frame grabber” is sonetines
used to describe a particular type of device that obtains imges using
speci fi c wbhardese® and i magi ng al gorithnms, as used with r ®EpasN2/14502 he
clainmed invention, the 14 W) 02/093525 PCT/ USO02/ 14609 term "frane

grabber" refers 1;, an chanismb i Vi
obt ai ned front® gnv %ﬁ%ﬁ T t:qffntﬂ'?gﬁ&g}eg g Pﬁhqc 18%11v(1:0npu?1§?§’ml3 pe

anal ysi s. Theolaihéd fbhad VIG@/in«;a%@ afd rdridbled sﬁﬁz[blé Rirzompptationdlianalysiy vary
consi derably dependi ng upon the é{)qem fi c@gurtpose of a given enbodi nent of
the 5 clai med i nventi onThepaitiguliedgivices s éthﬁfafmf’lhé%ﬂoé‘r@a)b’f’art’he ot her

components. ofc iRV ERLARfle WAL SRR Epurble deuis B coticlfemanagy uoed

may determ ne®46 €6 Pane ‘gt abber s may be suitable.
Thus, the x| aélabdiinvaitibhGmdilikewise upbh el padtidutarsofthp atier cainpondntsasfehgr abber
rrechanlsm It . is alsq not ed t hat althou h the fragne grabber 14 is referred

to 10 herei n H¥entione FoF S%@"R!@)rfb%%’ﬁlo V{dﬁi’ 8eNSQr URGHEnaydeLeTRYRR i sP cxtehby
expl anati on O&hé& Aéf?&hkg%ab&rgﬁ{a %@mher RIER SRS cldiified [ @ffordisaber 14

may i ndeed be a 787 nct evi ce enbodi ments the frane grabber 14
may be incor phmnae@tb anytmnmummamegarhlﬂ:mMechﬁn1Me |nvent| on, such as the
vi deo sensor 12. For ex

i d t
therein that generates fg@}&nw ﬂ&oé‘gﬂlu neqr/\g&%h%% l{ﬁgef%%édﬁg)ledr¥or a
separate fg a”ﬁergihaa@a%ép&&e cBB}S@H&ﬂE 1thi"sh§‘dcfdé'11§ta'c@ﬂ@édlér%e a&%x?mﬁdn&ﬁdsfﬁyn to

the franme grabber 14, nanely, that it is adapted to generate first and
second fr anesAlthoughpn eerain embedlmmtssﬂmlﬁm/m@zﬁr 14 maysind¢rs Hemrb’étilr@hal ity of

the frame grabber 14, not , the physical eof an | ar i ce,
that is necesg%W%f {’bétp?feen&qoélfrﬁ@ﬁ %'i r“@f’é‘?ﬁé) 8]??0 nﬁyab mé‘f’ﬁ e m é)raéloﬁl%y

wel | -known, agidmefiteofMed inkehtionEsuctiab eiesiash aswin. Foirbﬁrhl{ﬂefdéhledﬁgh@dﬂ C
resolution of the franes is equal to the Il esser of the dynam c_resol utions

of the \n deo eamgrasinglnde pidcuitne thereiprthag gensrates impgesBpmahe sgitsars, Witheu{dhsj deo

sensor ener ates 8 hi f abber
T4 o f et el GEahiPt @ bt Ry EEihbb 4, IAVRRr 2 RRGKomtc) Afjentd BUFEi 0207

nore than 8 biHegragie @ibiRm4, Hagfedy, Whdt s a&itpﬂdd&b%@h@fatelﬂrsttdiﬂ sécm&‘r@m@bber 14
has 8 bits of dynamc resolution, the frames will be 8 bit franmes, even if

the video senisgiresentevinen sHehideyices laithe fuastonalingpt th?ﬁrérr@f&s?@er i ngf
crermar eTOR Bl gy AT BASEo0, gy RELty6 Wahniiores v
invention.
20 Frame grabbers are well-known, and are not further discussed herein.
The useful dynamic resolution of the frames is equal to the lesser of
the dynamic resolutions of the video sensor 12 and the frame grabber 14. For
example, if the video sensor 12 generates 8 bit images, the frames grabbed by the
frame grabber 14 effectively will be 8 bit frames, even if the frame grabber 14 has
25  more than 8 bits of dynamic resolution. Conversely, if the frame grabber 14 has 8
| bits of dynamic resolution, the frames will be 8 bit frames, even if the video sensor
12 has higher dynamic resolution.
Therefore, in an exemplary embodiment, the frame grabber 14 1s
adapted to grab frames with a dynamic resolution equal to the dynamic resolution of
30 the video sensor 12. However, this arrangement is exemplary only, and it may be

equally suitable for certain embodiments if the dynamic resolutions of the video

sensor 12 and the frame grabber 14 are different.
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30 the video sensor 12. However, this arrangenent is exenplary only, and it
may be equally suitable for certain enbodinents if the dynam c resol utions
of the viwem2osmesor 12 and the frame grabber 14 are diff ecantso2/idsodND

02/ 093525 PCT/ US02/ 14609 1In a preferred enbodi nent, the video sensor 12

has a dynam c resol uti of at l|east .8 bits. .I.n anot referred

enbodi ment, the frane %Mggnfge“ﬁggmhenwﬁ%ﬁd%o ?eélg%ﬁhﬁ{]i"%r? %’?‘mﬁc | east 8
bits. In a mojegolRfied 6f 4t ¢shs€SbiR¢li MRMbthet {n@feﬂed%b%aﬁﬁ@ﬁ, the flame geabynpdri ¢ 5
resolution of at least 24 bits. In another preferred enbodi nent, the frane

grabber 14 hbes adyagmimtesolpberoofiatilesst HPitst | east 24 bits. However, these
d i [ uti I . ) i
ynam ¢ resol utions ar elne@(r%?geﬁé%ﬁ%@éﬁ%ﬁﬁ%@ﬁ%ﬁgld%%ﬁ?%?ﬁﬁa@ﬁ% Lhens may

be equally suitable for certain e exanp In certain

enbodi mentss i tesst@iohef Addasn24kie0Us ahathert preferrtd embdéimnengnho frarh gtabbbralde a
hi gher dynam c resolution than the frame grabber 14, and for the frame
grabber 14 t ohaserfbmamic repelyen efipideasidRiiSse only one or nore portions of

the dynam c range of thg.yj, qhé&m&n%@resdmﬁ&s@é%eg;g{@iyqﬁgﬁ%na@as gpl e, 1f

the video sensor 12 has a gﬁg‘hamc resol ution of 2
sui tabl e for dymanfi¢ paselutignsdbebe ddhallp sgitable or bertaih embedintdngst conpri se only

a portion of the dynam ¢ range of 15 the . e fromthe video sensor 12.
One such portion m ght %‘é‘q}é’é‘l’lﬁ ‘W%?Fawbogi?}%%§g,m?ﬁéﬁadHéPté%?quﬁgorftF’%nes,
'Tlao%gm

whi I e anofdieryigue gbn@&{j 1t2'.otg_ hPedHaRfidesbRfion AR aRb GRBBE: 14, afid

nmoni toring persons an j ects. %t iI's noted that in certain enmbodinments,
t he vi deo senfothelfParasmgrabber 14fto goamerate abhgas that cospribeonlytoagoamoyd pditiomse

anot her. That is, .the .video nsor 12 2 include the ability.to grab
g v dual 1 r 2B VR GHEe et QTR e dAe TP BBEPaTS A rmIE df g
arrangenent ofidtd §endBiCI2HNYs RHFmARIE resh1ttib SR 4R AlayDelWithiSle farthdRameant so
| ong as the apparatus 10 as a whol e perforns the functions herein

attributed tograbber tHdo grabriebityfrappethaticpmpgise onbyonpartipe af therdympmis rangsrdfcessor
16, The 25 processor A6.1 5 a0apted s QR QERsS s, I8 6 AR AAGE W thi n

the first Tr pa ar, @'n-certain exenpl ary
enbodi nent's, plifod) D€ @Ie&Otind farhés, waila ph&tlert such pattivaenighebdtadetul fort hi n t he at

| east two first frames so as to identify the presence of flane therein.
another purpose, i.e. monitoring persons and objects.

It is noted that in certain embodiments, the video sensor 12 and the
frame grabber 14 may be integral with one another. That is, the video sensor 12

20  may include the ability to grab individual frames, without a separate frame grabber
14. The precise arrangement of the mechanisms making up the apparatus 10 is
unimportant so long as the apparatus 10 as a whole performs the functions herein
attributed to it.

The frame grabber 14 is in communication with a processor 16. The

25  processor 16 is adapted to process the data contained within the first frames and
second frames.

In particular, in certain exemplary embodiments, the processor 16 is
adapted to analyze the data within the at least two first frames so as to identify the
presence of flame therein.

30 In a preferred embodiment, the processor 16 consists of digital logic
circuits assembled on one or more integrated circuit chips or boards. Integrated

circuit chips and boards are well-known, and are not further discussed herein.
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30 In a preferred enbodi nent, the processor 16 consists of digital logic
circuits assenbled on one or nore integrated circuit chips or boards.

| nt egr at eo oziop3sast chi ps and boards are wel |l -known, and @ca/usot/146u9 t her
di scussed herein. 16 WO 02/ 093525 PCT/ US02/ 14609 In enbodi nents wherein
the video sensor 12 is cal or video sensor.and th £ a e s a
col or franme grabber, th ?ﬁ gﬁggg?w 8 HH egéegég%?géilﬁgggggﬁggg&m&ﬁ

information fgfAnthe Gafk gribtBEEB4 is BRI RERSEAbbel&ht prardeot &6l niay beadnptad cat e
with at | east one output 5 device 18. A variety of output devices may be

suitabl e for ©diPRess Bbermmtionifiom ¢dler frgMescessor, i ncluding but not limted
to video nonitors, vid . Q . r Lo
mechani sns, hard dri veg?h%/ﬁg?%ﬁcgﬁglg?{%%tg%tgﬁoﬁﬁuné aé){\n@?%% P{aset 0%gll%a rlrl1 and
control sysst edgvicel18. €A Sakdfy S sutpit deyides iy barditabild foafcbmnfumicatioe withahe

electricity, etc. The range of suitable qutput,L devices is extrenely |arge,
and i ncl udes BIOCEsQfeHCiuding buf pot ipited to yideg mepiRrs ¥ g)etiag%retcwélemr@ﬁerf rom

the processor | fi6chaflisfisolrd i PWisibi e aB@ible! dtdrhiieti
di scussed hers'etlor(rig.géP#}eﬁlﬁﬁgorggaSpﬁeg%,%eg by’tﬁlose knowaedggabl e i n the art
t hat al t houghalatninend/cahto! systes; fifsupprassior systdnys, and tutbefty foc teddisuch t hat

its field of view.includes the areag.to be nitored for fires,,the frane
grabber 14, t HECIPFIBG &5s efer}geaquu{tﬁge %tpﬂifi%t&es lfe%gr(?@ek@l%mbdemf% e
from the \j deQsSRRARYany deABIHA! cJulPFECENE RMUMAIR From the prodeysd! @ufshti n Figure
1, these conponents”appear proximate one another. However, in an exenplary

enbodi ment , t devices deowelbksown,lpd ecanat fithepidiscessedberein.t he area to be
nmonitored, with the fr .gr.abber .14, .prpcessor, 1.6 nd .out put .devic 18
| ocated some distance gﬁg‘ﬁ)ﬂ bF&P”S?(‘&W’BIb_& tﬁ%e}ng\ghe[]dggqb{i‘? ' eagghqttaﬁl\\}/\?%% al so
be appreci at efheR¥debesRdr (P BYneEasBLInGstibR 16dueedasuth tadits &iBld GIRRSW aiclifdel N
accordance with the principles of the clained invention may include nore

than one vi debegemagoibe nonitaredfouies dhe framearabbgetd.dhmpiopessor 16; apd fhgst r at ed
|n Fgur fSOéé ét&;t%f%%%&?%%%é r%rrrlloiesfrgx)ﬁﬁlg?xllia@/ se%@&rﬁ%ﬁ%#r?ﬁ%ﬁ ohé &1 abber

14 and p efate I'n conjunction w € Vi deo sensors

12. Dependi ngA2fnRiraieden PRfutd L hade campbiehdd dppbar proxifiaye tree andutmnat ageous for
exanmple to switch between video sensors 12, or to process images from
mul tipl e vi deBoweygsoinsaniexemplagy eipbedigent, ghe wideosreped2 oHldRS Hlagedmset el | or

o Lo B8 R R byl b e ot et v
princi pl es of 18 keatel 3bmedistanee awaygfonaymple in a control room.

20 It will also be appreciated by those knowledgeable in the art that an
apparatus in accordance with the principles of the claimed invention may include
more than one video sensor 12. Although only one video sensor 12 is illustrated in
Figure 1, this configuration is exemplary only. A single frame grabber 14 and
processof 16 may operate in conjunction with multiple video sensors 12. Depending

25  on the particular application, it may be advantageous for example to switch between
video sensors 12, or to process images from multiple video sensors 12 in sequence,
or to process them in parallel, or on a time-share basis.

Similarly, it will be appreciated by those knowledgeable in the art
that an apparatus in accordance with the principles of the claimed invention may

30 include more than one output device 18. Although only one output device 18 is
illustrated in Figure 1, this configuration is exemplary only. A single processor 16
may communicate with multiple output devices 18. For example, depending on the

particular application, it may be advantageous for the processor 16 to communicate
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30 include nore than one out put device 18. Al though only one output device
18 is illustrated in Figure 1, this configuration is exenplary only. A
singl e prwoaemess2d6 may conmunicate with mul tiple out put pdexisors46d8. For
exanpl e, depending on the particular application, it nmay be advant ageous
for the processgpr, .16 to c icate. 17 02/ 093525 PCT, 9 wth a
vi deo noni torwﬁ o Cgeﬁe{ﬂm?}ﬁ)gﬁ anxlvtl%‘%mﬁr\é’\ﬁlt eor{rl%n %g?dg%r’e a’é{ Sgﬁggé aéeéﬁpevi ce

such as a har ghctfab ¥ Gafl drivaRe tipRGeEdedr bodtosi®indpgs hiltlgeFroadssdddatyraadessed
data, and an automatic fire alarmand control panel or fire suppression

system |n cedht aHtpmatinb sl and qontrakRanplorfio SHPRIEBIISYEEMdef i ne the i mage
> rgmiune video sensol e aithfodiénd fiﬁggfgga&m%ge%ta %fgfﬁﬁmg gbber

14 digitally, interns o I'screte pict enen |xesl.
enbodi mentss, frbmlthaside® Behsof 12 &irl/ot thefrarmengrabbdddy thhdrafiresgrabbegi dbber 14,
and the processor 16 is adapted to define i es.in ternms of discrete

pixels. In a %‘Bé?lé%F%E?r@ﬁﬁgg‘ﬁﬁﬁtplwreﬁr%eﬂ‘ﬁg&gf “in accordance with the

principles 10 of the clpjfefemBYHftichRNat 1&41-?01\{% %ﬁe%ﬁl@é%ns@»?l%%héfr%@i tal

vi deo sensor, and defines 1nages as arrays of pixels en the inmages are
first detect egrabbdvddyard the pecpssoni 6 stadapted o ¢ifinelimagesan derhisrd discestarot

critical to the . operati.on of .the devi.ce, and an anal.og video sensor and/or
frame grabberPR¥gl- aP@&%&%ﬁdF\}“"&HP{‘%PEPé?H FRPAL B%‘_naflcﬁ%lr_%‘?cet‘ﬁgh ﬁ?@é‘é‘%_ﬁﬁs

and/ or thg fr&Re BlaghlEinvERbn e vikoaempt ¢ if PdisHentiidd/scRborChi dfinBi n t he
images. It will be appreciated that nmany avail abl e video sensors are anal og

devi ces; suchinthge$ sxyrayapl bixelsiwheadheimages arsdirgli detectade cl ai med i nventi on.

Thus, retrofitting of gxisti video sensaors;and/ f.r.ang, grabher or use
of “avail abl e  anal og vi HEBCiEnSe PRmERTERE Braane insaiE e AR s | o o
20 The use of opbraiheifehdddovides antbah HR10E0NN& ¥eBsr ahlor GRfedirabbapalaly ®at i ons,
since many conmmon vi deo sensors, franme grabbers, and processors are adapted

to utilize deqellnpuitable rirgushoncaspighie processeranl/enthe frapegazhbst may bexenpl ary
only, and15 e@ﬁﬂ%eﬁ?@ﬁfeg%%ixggﬁﬁ%%tﬁ%iixlnil%e%. di screte pixels may be equally
ce 1 hent's,

suitable. "I n ain e e video sensor 12 includes an
adj ustnent 25 nechani smwil) badpgreeidtet thad thangtaviilubld Vidgesesbisiargmatfg t he
vi deo sensor 12 between at |least a first and a_ second configuration. |mage

settings i ncldRyéesiruchAgvipgsimay by sudiabledor wsegth the clamed venian. Jhugai n,
Lot R e gt MRS By
t he analog video sensors and/or frame grabbers, may be suitable.
20 The use of discrete pixels may be convenient for certain applications,
since many common video sensors, frame grabbers, and processors are adapted to
utilize digital information. However, such an arrangement is exemplary only, and
embodiments that do not utilize discrete pixels may be equally suitable.
In certain embodiments, the video sensor 12 includes an adjustment
25  mechanism 20 adapted to adjust the image settings of the video sensor 12 between at
least a first and a second configuration. Image settings include but are not limited to
exposure values such as gain, iris, and integration ttime. In such an arrangement, in
the first configuration, the video sensor 12 is adapted to generate first frames. In the
second configuration, the video sensor 12 is adapted to generate second frames.
30 The use of an adjustment mechanism 20 is exemplary only.
Although for certain embodiments it may be useful for generating the first and

second frames, in certain other embodiments it may not be required, as described

below.
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second configuration, the video sensor 12 is adapted to generate second
frames. 30 The use of an adjustnent nmechanism 20 is exenplary only.

Al t hough Worozoesstai n enbodi ments it may be useful for genecatisezi4ehe first
and second franmes, in certain other enbodinents it may not be required, as
described below 18 WD,Q2/09352 j ni sms 20
are wel |l -known, and ar eA %Weﬁ?gﬁgggs@#%%uééggﬂ%gP%hﬁq%%glﬁw)}ogﬁg@ﬁgnts t hat
i ncl ude an adfisaisgglterétechani sm 20, the fire detection apparatus 10 nay

i nclude a control nechanism 22 in comrunication with 5 the E@gﬁggsor 16

and the adj ust ment mechirfmbadiments Hhat wslde ap adivsiment Bischaniye Yhted to
control the agjus: ' . WSR2 1S
exerl ary. oni bR EBba R 1A Theltie d UbdY olhariul 22 ] EomARARARL SIS,

i ncl ude ars adiheptatestor 6 ahdthesadjustrhént wreghdrésme 30atht yorgrn] nadehaniso 28bieingt he
control nechanjsmentirely. 10 The a ratus, .10 may be adapted to obtain
the first andadéétf’gﬁﬂCOWtFO&ﬁ]Fsaql‘t‘Ft’QeWéE&gws’Biomys. In certain enbodiments,

the first and second fraResTy BfoSHRlsisie2 iTuRimbiary OhY.aRS Qe he fir st

frames reduces the portion of the video inmage i's availl able to produce
second fr anesemiddifentsgcinchging some eowodiment délrdaasadjnstmeni mechagsnsor 12

ma roduce a video i e.that consjsts of a sequence of consecutive inmage
fr)e/meg. Two b eﬁqgﬁ?}?%fgg SiIORFHS th SQpeo] mﬁ%’gs‘lﬁgﬂtéﬁe ted specifically gs
first frages, while thend giRIEAEEI0 AEELESNPEALE SbiReHelfirsianki ¥ecndsecond
frames. One exenplary arrangenent for” producing the first and second 20
frames in thifahesimiaovariety ofovaysry the i mage settings of the video sensor
12, as described above . with.regard tq the ' ' 20. For
exanpl e, the video sensBFCeI9Ts odi(ijIBeelﬁ%etFe fl%g |drséset%l?&rrgg§8£§tq ?’%ngs, and at
| east two firglcldsirerhatRUbbtainteahe s frathedtedub&IRe p6itioh RFshe vided iiageo
sensor 12 would then be adjusted to second inmage settings, and a plurality
of second fraﬁhﬁblszsal&biﬂ@m@dlﬁéﬁm@éﬂme%i s process coul d be repeated

i ndefinit . This arra ARy et | - r . . steal i ng"
or "ti rre%s%/eal ing", siggrgg@ lé)lér’rgrjlgerl yéng?&%@g&?’rtgﬁgls&géﬁgrogie re secong
franmes for thgroduce a video image that consists of a sequence of consecutive image frames.

Ji

Two or more of those image frames may be generated specifically as first frames,
while the remainder are generated specifically as second frames.
One exemplary arrangement for producing the first and second
20  frames in this fashion is to vary the image settings of the video sensor 12, as
described above with regard to the adjustment mechanism 20.
For example, the video sensor 12 could be set to first image settings,
and at least two first frames could be generated at those settings. The video sensor
12 would then be adjusted to second image settings, and a plurality of second frames
25  could be generated. This process could be repeated indefinitely.
This arrangement is sometimes referred to as "frame stealing” or
"time stealing", since the majority of the frames generated are second frames for the
second process, and the first frames are "stolen" from the series of second frames.
However, so long as the first and second processes are still performed effectively
30  together, they are considered contemporaneous, even though occasional frames may
be "stolen" from the second process for use in the first process.
This arrangement may be advantageous for certain embodiments, for

at least the reason that it enables the use of relatively simple, inexpensive
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second process, and the first frames are "stolen" fromthe series of second
frames. However, so long as the first and second processes are still

per f or redwefokmeisevel y 30 together, they are consi dered comcanoz/awenus,
even though occasional frames may be "stolen"” fromthe second process for

use in the first process. This arr ement may .be, advant ageous _for certain
enbodi nent s, ‘F%‘?pdonﬁ?ts1 Z.Bgf’ “{;ﬂée’?SQ’égﬁ‘aYnﬁgYe ?EJQWQM ’éa\élTot“h gc Gey glét i vIeI y
sinple, inex p@f&dt%lyh%w?@n%&%%ﬁaéorﬁ@y $ 8024 r14R09 kSR dneirfie grbBervi deo

sensor 12 may have a relatively narrow dynam c range and a relatively |ow
dynam ¢ resol 14 iney have @relgivelytmarmow dysenic 1ange sprderelatively loandyngmibber = 14

may have a rel atively,narro namni ¢ |V am c
resol ution. Afses%{u?%%u‘f‘f ?resz)g, t§¥8rc°e°§%?8f fqggerﬁlgdglzy gen{lt?/g géeh%{lgl:lé/ea {egﬂﬁg‘% e a
rel ativel 5 5 ghal imewmeniided iMbarfionNdinca@mily dima nsededdoomhk Yirstand secoaded f or

the first and second processes is gathered and processed. Despié this,
the overal | pepsessesdn gatheredand progpssed nPDeepitg ihisdhepyerall pprfemnangs Qstfent of

the i mage sett | . it i: o0 .l pRSgential ly
any firer anc ebEbigRhE Bidhs sBEPalRehihr IRAleD LR S e e
conpl ex than thaih ikdgeésta foreestnebloy eny fiiot arebseopideproesssatescri bed above, the
at least two first frangs are g%gerated fromconsecutive imaﬂe franes.

However, this is exenpl ’ghg,segﬁpry:_e giustaen ey eff}?ff&%‘?‘?&%‘%t di ments it
may not bg, ne&&?_ﬁ@édya Qe.op&aéx'amtpﬁe a&liesbRBRE aboV, thé ht'184st fWANRS frames are

consecuti vel y. e video sensor 12 coul d be ad] usted back and forth
bet ween fi r st gaethtabfromdonserytivesiotage figmes.eHowaber thissis exemplatyadrly.t Rer
necessary 15 nunber .of fi.rst f(iiamas. nor.e Beco d {

.. W th
i nt er sper sed @i PEFLAIN PR mFPQH’e‘\éM?y At nert?gfr’sé?ryd?ﬁ @%5%83, feﬁ‘{l‘%}%g not ed

that al t houghgihgRESESREORIvesO TR\ deo s8Rk 42 BBuldbR bRkt Macieind RARL T WO
first frames are generated consecutively are nmade in the course of

descri bi ng anbewbedfirstand setomhinzago settingsse¥oral hmgs tooehdain dlee pcessanhe
principles_of the clainmed invention wherein t first and cond..franmes
are excl usl ve? ﬁf‘éff?‘ﬁ%&gﬁ“hﬁss‘%ﬂ‘e SR BaTCTERT gedMisrPRISed ?éralgv;% “IHS “second
frames are nofrs€famdsi ve. Regardl ess of the particular arrangenments for
producing the first franmes, they nmay be either consecutive or,

non- consecutive, dependsadrighdigrassienphistriotad) that abthpegl heprecediBg Si ni | arl vy,

S TR Bk DA PRSP TR IR iy o e (0
consecutively are made in the course of describing an embodiment of an apparatus

20  in accordance with the principles of the claimed invention wherein the first and
second frames are exclusive, they apply also to embodiments wherein the first and
second frames are not exclusive. Regardless of the particular arrangements for
producing the first frames, they may be either consecutive or non-consecutive,
depending upon the particular embodiment.

25 Similarly, in certain embodiments it may be advantageous to generate
more than two first frames, regardless of the particular arrangements for producing
the first frames.

Returning to the matter of an embodiment wherein the first and
second frames are exclusive, it is noted that the adjustment mechanism 20 and

30 control mechanism 22 are particularly advantageous for such embodiments, since

they enable rapid and convenient adjustment of the image settings of the video

sensor 12. However, they are exemplary only.
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the first frames. Returning to the matter of an enbodi ment wherein the
first and second franmes are exclusive, it is noted that the adjustnent
mechani srwR®2am$230 control nechanism 22 are particul arl y pagaesaz/ageous f or
such enbodi nents, since they enable rapid and conveni ent adjustment of the

i mge settings of the video .sensor . ver are.. I ly.

20 VIO 02/ 093525 PCT/ o ohwsese VAt s PR eald e e AR Yo 8L Y

i mge setti NQthe ARENSK tHO Bist bAE sdtBhd pRCEsed. orfekimplepifdhsRBOPDAcEsdCesses.

For exanple, if the first process is flame detection, a rel ativelrg%/tbri ef
¥

exposur e mi ghflamedesestionph eclatirelyobriefienporyra mighf be switable foppbtaining thefrftast | i f
the second prgcess q.S..J P = f.l I: . ] : ger
exposure m ghﬁa‘lﬁg& aIBﬁP%‘g%g’a{Fgl.e%gﬁ“é\ﬂ? é%?&?ﬁrgg lﬁggggéﬂ:ﬁ{ r?;"% gse?lt%ip%fgégﬁ%!hat
are adj usted grmgacexppaiie nlifia beiapproprastances. I f, for exanple, the tine
separation between consecutive franes, is short, i.e. dJ1/ 30t h of ,a second,
it may be preferable tolkapirstthg RECHE inageseitngydhat &g 3 {epsid PR ond

rapidly. 10 F o@d : i |y
el ectronic i n@l%eg; ure, L“g"r‘?& ?é%r%ggp%%ﬁyhgcﬁ%i}%é e ectf%&n?%ﬁpsﬁﬁgl?%g
conventi onal isshefidrel $136th cflacdecasl, itosyebe prafechbletozadiust ek arsnoregmagerer as.

Integration ting is con’m)‘?l y.(ﬁ function of electronic hardware and/or
sof tware, andsetingsdhatgespand @idi¥t ed very rapidly. In contrast, conventional

iris adjugjment is commpgl afpled iR GHE Bk SRlrel RGNS Are @detonBN@sent thus
IS nore appropriate for slowmP cﬁanges to the image settings. It is noted

that, since asledssivinbmtiretrodeanbe rapidly adjosted eleageniealtyt usimgsconygéntipngl deo

sensor 12 may be responsive to el ect.ronic .or .software signals,..the

adj ust ment ne’&’ﬁg‘?‘?i“?m%ﬂméﬁa t}b"éﬁ??"é‘ﬁ 1%‘&%_3’#‘??‘?%%5%?8% ﬁj(tftggT?nnogl feSany 20
i ndependent  péyfiin6Aly aSfuhétfdnbfRlechbhic Haddwaie A6k PDEwarY, ah@bsh degmposed of

software for certain enbodinents. It is noted that this arrangenent for

excl usi vel y gediested yorg répidlyt Impentragieonvgntionshirts adjustneniys eeymepli2  and t hat
cui tabl o TFor meRsPL ARt R niienl Bl 10 3FPER MRl ARG BRI " L,
ot her pixel ifhediMagd@Bengdsr ane and assenble themas first frames, |ikew se
assembling ,t he remain nﬁ isp riu;(tgcli fhagssin%g gg crl]gcii‘rr):(‘inzﬁ)so've -all-thlléasls’t sgmg iirplzggleese:ttings
of a video sensor 12 may be responsive to electronic or software signals, the
adjustment mechanism 20 and control mechanism 22 need not include any
20  independent physical structure, but may instead be entirely composed of software
for certain embodiments.
It is noted that this arrangement for exclusively generating first and
second frames is exemplary only, and that other ways of obtaining exclusive first
and second frames may be equally suitable. For example, the frame grabber 14 may
25  be adapted to grab every other pixel in an image frame and assemble them as first
frames, likewise assembling the remaining pixels as second frames. Thus, a single
image frame would be split into interlaced first and second frames.
Alternatively, in other embodiments, the ﬁfst and second frames may
be non-exclusive. That is, obtaining the first frames does not reduce the portion of
30 the video image that is available to produce second frames. In general terms, this
may be accomplished by generating the first frames from at least a first portion of at

least two of the image frames, and generating the second frames from at least a

second portion of a plurality of the image frames.
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image franme would be split into interlaced first and second frames.
Alternatively, in other enbodi nents, the first and second frames nay be
non- excl u@iowe/093Bmt is, obtaining the first franes does neCTnaves0s he
portion of 30 the video inmage that is available to produce second franes.

In general terms, this be acconplished b enerating the fi.rgt franes
fromat |east a first pﬁ% pEAnESTegt IS SP‘@S@?‘%%&&B%%?% W%&&én Fanes, and .
generating thgn&arOAF: hhdERend fiaMedire! ﬁéﬁte@by%ﬁﬂﬁ‘g B6Wh HRimake &apkyir al i ty
of the image frames. 21 WD 02/ 093525 PCT/ US02/ 14609 ~Thi s arrangenment is

soneti mes r eftoremave wfermatippragtenceedsayi faytheir sespeetiverirst andsecadPrewsessd

frames are geperated by trinmm ng do he }. I I .
i nformation ﬁgkps H@giggﬁyfgmgspu? ﬁ)éic I¥\gr}ré‘sta'rf)@?: 1?%%?5}. forrgpﬁgﬁéﬁggggdrﬁx%r%cesses.
This may be agduads agesmsunt of dag tHatispreseeqdiforsch of therfirsf andeasdndt he reason

that it 5 reduces the anbunt of data that is processed for each %B t he
first and seceraeessqss ardeihyereduegsdhe prrformapescdssnangs op herRspeassrtd 6gw s on
t he processor,16 j t . e itgage settings of the
vi deo sensor tfﬁ.né?@(/)YIP a@ﬁléﬁrtphftél?géé;&ﬁg}gggfg{rye@?%ou% §o1r llﬁﬁ certain enbodi nents
the video sensor 12 majorExaspleasnotédiprevionsigantchaiineamedibhaitothe aidgequence
of consecutive 10 imge franmes. The i mge franes_nay have .a dynam c range

that i ncl udesSeBERTH 2ty PraduGeratiden, s 3t Sprsests of 2 jequenGeRf CoREEHBE and ¢ he
desi red ar@;ﬁaﬁlé mg%spfraé Rfage dndy BB S -dyhiin ShaBinludésdWoth frRme
14 may Be adapted to gr

gr abber ab a fi'rst portion of the dynam c range of
the i mage fr admired dynansie ringe demtbe fitst figmehend thesiesitdd dymamisrangoef thganpl e, in
an enbodi ment wherein the first process is flanme detection, the first
frames woul d %ﬂ?ﬁiﬁ%‘@eﬁ'hat portion of the dynamic range of the inmage

frames that is suitabl enf Qe deh&CinkMnld GBBer 14 n?afy 1R daaptell @b fatfirst

relatively high intensity levels. Likew se, the frame grabber 14 may be
adapt ed to grpdrtian efthedgnardie rpmgetdfoie infage fimmey flentise in gengeating thehdrst nage
frames foy_usg in nerating. the ﬁeéond

the secontP prBEBES HA SKARPIET AL g “{hrﬁ]ge%?&’-géjgﬁcf’arg%el%??sﬁdm%egﬁ%?c\p{%e’r a
portion wth melRitiftedes vould Edtheiseithat pofieal of thd dyrikidirange of thamgegent , t he
dynam c resolution of the first and second frames nmay be different from
the dynani c r&eoputhaion seitabldfor detagiéng flamessi-c. arprigmdysh relatévehobigh |
intensity levels.
Likewise, the frame grabber 14 may be adapted to grab a second
20  portion of the dynamic range of the image frames for use in generating the second
frames. In an embodiment wherein the second process is non-flame imaging, the
second portion might be a portion with relatively low intensity levels.
In such an arrangement, the dynamic resolution of the first and
second frames may be different from the dynamic resolution of the image frames,
25  and/or each other.
In a preferred embodiment, the first and second image frames have a
dynamic resolution of at least 8 bits.
In another preferred embodiment, the image frames have a dynamic
resolution of at least 24 bits.
30 The first and second portions of the image frames may be mutually
exclusive. Continuing the example above, the dynamic range of the first frames and

the dynamic range of the second frames may not overlap. This may be convenient if

the first and second processes require diverse portions of the dynamic range of the
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In a preferred enbodi nent, the first and second i mage frames have a
dynam c resolution of at least 8 bits. In another preferred enbodi nent, the
i mage frawod2i0gsses a dynam c  resolution of at |east 24 bi PET/IB02/T4%09 f i r st
and second portions of the imge franes nmay be nutually exclusive.

Conti nui ng the ex | e above, the dynam c.ange_of the fi r nd
the dynam c rlghaég%gfnefhg’g@'c%ﬁ%gq ?°J¥F§%‘°Wd§{ (ﬁgln%'\l}écrrﬁ%? oﬂlthiéis"ra{%esg?%iera
convenient if14 ishelafiwlﬁtsmamdoﬁﬁﬁemb mquﬁﬁﬁie&aﬁg%cuﬂtmevidw@e&ﬁa Kortions of
the dynami c range of the 22 WD 02/ 093525 PCT/ US02/ 14609 inmage franes. It

may al so be cBAVeYiretch an arrpegesanhisicXemplapeony- t he frame grabber 14 is

relatively small conpar . ) . | SERSA, .
However, such an arranggﬁ%é]l?tl‘?egﬁég%ﬁ%%dy&g%&kﬁ%&r%%| vge)ﬁey, {he %yizrst
and second pobd harexchfsivieh e dairagmtinnimgele emaynpldativee/tha denarhicsange. of Agai n

continuing the exanpl e above, the dynamc range of the fjrst fr s and
the dynam c rHgsgfages %rﬁiethgéww%@?%c s may,verkp) ddnclidie part

of the dynam &rieffofhic bifantifPASe bf #tERabd raABFRItomHig amount of over | ap,

if any, may vary.” In certain e I ment s, e first and second portions
may overlap each ot her Entamainy of evartapi ifiaty,mhayyvarpt n cet@in erobadimenthe sane

ortion of the image.frane. At tivel f the fi d d
Bort i ons may @Grﬁg&g{‘@s?og&&”ft@ﬂgﬁﬁg oléf}f/r é:acgBﬁke(ﬁjgnqr?&sfdcéﬁhatzlg%'o% CBgrt i ons

may overlgp ombidb theR@he poftiont dTeNe ge HineO VAltdARivaly, 8hé of B RiHALAY On the
particul ar arrangenent ofp the first and second portions, and regardl ess of

whet her or notecomkpdriipet maycorapletshoysolep themtheyerr the firstahed secpsd pprtions dynami ¢

range may extend hi gher.than the,second nam c. range. That is, the highest
val ue that may?h8¥ SO Ry ﬂﬁtrl?e}'ﬂlé'lyﬂogé‘fe%&g}ﬁ&?@c range may be hi gher
than the highest val ue bbssndii@iontiBe PRASHACHaNcERER Jfiee HRE AMTkedBM C

range. Simlarly, the second dynamc range may extend |ower than the first
dynami ¢ r angeportionsyangeregardlash e whethergrgehhgifisstand sesoagplorigns eMexlap, fied ot her

o renaere s A 050l Gl R SRGSRIVBPI 5T Rpriftably Piligble. 1
by grabbi ng plighésonglu@that hay beagasydaithin thafige dyhdmeicapnrimayse Highérs not
e O Ay R ighest valug that may b6 massared within the secbnd dyamic sange. | 20>
as ghest valu y u yn g
Similarly, the second dynamic range may extend lower than the first
dynamic range.
20 However, these arrangements are exemplary only, and other
arrangements of the first and second portions may be equally suitable.
In an arrangement for generating the first and second frames non-
exclusively by grabbing portions of the image dynamic range, the apparatus 10 is
not limited to any particular manner for grabbing the first and second frames as
25  portions of the image dynamic range. Rather, a variety of arrangements may be
suitable.
For example, the images may be fully generated by the video sensor
12, whereupon the frame grabber 14 identifies and grabs the appropriate portions of
the image dynamic range to generate the first and second frames.
30 Alternatively, in certain embodiments, it may be desirable to generate
the first frames with the second frames, as part of the same process. As previously

noted, conventional sensors such as CCDs, which are commonly used in video

sensors 12, operate by converting light received into charge, and building up the
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25 portions of the inmage dynami c range. Rather, a variety of arrangenents
may be suitable. For exanple, the inages nay be fully generated by the

vi deo senwor02/04825 wher eupon the frame grabber 14 identifi esTarsd2/geeads t he
appropriate portions of the inmage dynam c range to generate the first and

second franes., 30 .Alternativel in certain enbodi ments. y be

desirabl e to YRFRSAEEC Steﬁfeorfefq”g bt ?gwgoc\ffstlﬁ C?Wgoggrgk%fﬁdrtéﬁgg , as part of
the same pr OC'Qﬁt%§raﬁ§n'prIﬁ}ﬁhéﬁ?_&bMvenﬁ@hﬁ@emsﬁﬂ?Waf)géégenéﬂtbﬂdﬁ gissipatd as  CCDs,
which are commonly used in video sensors 12, operate by converting |ight

recei ved i nt owbensit isereadyiionsigr todiesrl thareeapsorAar thengsyigwes25 PCT/ US02/ 14609
charge in each sensor elgURAL. ;e haRleQEReauket GRITRAXiphERER! RE sdoPs
e charge ge

integration". In many ‘conventional Sensors, rated iIs

di ssipated wambeiused & gepadte two ififagey topetherosieh diffeeent Highyiewels.f Bor t he next
i mage. However, if the charge is neasured w thout di sgi at i n% it, the

sensor 5 cancXsEple e qheragenaldheallosd itoragsamulale uath fisgt fRef f"fhé“rhel?ﬁmtl i ght
Level s, FOr GXafRbLEn ddift r&BfeBRofiRdnbRuRl) MURHRLORARE WallAb Lortiibh | 2
a I poin e cC g d

first tine, arge at each receptor wou e measured,
and a first fwaeumfing dssieatingale darge, Whetrbamptor§ wosld ki dlwgdito nentinwe te har ge,

the receptors would be allowed to continue t accumyl ate charge until a
second time, #CURRlGChIBICHINE RECORG IS, éttw}élﬁgﬂoﬁnéﬁ\?gyﬁgefﬁe%gd?‘ifpg’é

measur ed ggai § léla'?)grﬁ’ea @aghih F G J8E8HIk 8k WHERIRErealdle | Mage taken at the
first tine vvouf) be darker Than the inmage taken at the second tine, since

| ess charge woul d have Huoxinmagk &tked at thadisst timwwouliddeidatker thaartesinage cr eat ed
with the sane start_ tinme,,using the same vid sensor, but ith different
' U nat§on tekvetde w0 e e s ae S AR EEE R Rirapateg Tk Arfer
arrangenent s gkiind $afledhicYedtdtBwith ERsaf Qt22OGAE AisTigaAE SarOVid €X §dnbiér, bed v
fromthe image frames may be equally suitable. Alternatively, in still

ot her enbodi nwithdijffaréns iuminaaen levele. first franes and the second frames nmay

be equiv nt to imuge franmes, It is noted that i t is
essenti aﬂi a speci al cigeéeSfra?g? y gsna-reeé’gqmd)sll @nyrg%égag%@%@gggﬁ?bed
above. |n sucPerRmitipEMofiResid sebdifl fidintshodfexehsivelyn@a the maeifmes ailye as

both a first frame and a second frame. The dynam c range and dynamc
resol uti on  beequally suitable.

Alteratively, in still other embodiments, the at least two first frames
and the second frames may be equivalent to image frames. ‘It is noted that this

20  arrangement is essentially a special case of the non-exclusive arrangement described
above.

In such an embodiment, the whole of each image frame is usable as
both a first frame and a second frame. The dynamic range and dynamic resolution
of the image frames, first frames, and second frames is the same.

25 However, it is not necessary for all of the image frames to be used as
first frames. That is, even if the video sensor 12 produces 30 frames per second, and
the first process is executed once per second, it is not necessary to use all 30 frames
as first frames. At least two first frames are necessary for the first process, but more
than two are not necessary (though certain embodiments may use more than two).

30 Similarly, it is not necessary for all of the image frames to be used as
second frames, though for certain embodiments it may be advantageous to do so.

Indeed, it is possible that the video sensor 12 and/or the frame

grabber 14 may generate image frames that are not used for either the first or the
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of the image frames, first frames, and second franmes is the sane. 25
However, it is not necessary for all of the inage franmes to be used as
first frawe2/0%ss is, even if the video sensor 12 produc@®sTAGotmenes per
second, and the first process is executed once per second it is not
necessary to use

r ame as.first fra east f|r frames
are necessary® fl?rﬂgesfsl cpenging anthe pﬂ%’tcu{%?rglgo‘glﬁk?ﬂt ugl];sg nfz‘lti:néssary
(though Cert%Q}(Em%ﬂ&pfoﬁl{@){n@%em%@férfh&ﬁlr&\‘}@ifov?tﬁlp?béﬂshéﬁtdy, it is not
necessary for all of the |naqurfranes to be used as second franes, though

for certain enbodi nent slnia prafeyres embadiaenh Jeodignamic trsokision of hgdwage it i s
possi bl e that,.the ngg €9 sensg(fe d/or t S{?ggﬁ grabber 14 may generate

i mge franes ?‘Hﬁ?s 185 A s att 'PSt or the 24 WD 02/093525

PCT/ US02/ 54609 second @he€ la@Qﬁ@ﬂg’dmi@ltﬁﬂﬁrMCD@rﬁﬂscmwéec@rd)bdnment any
unused i mage franes may be di scarded, or they ht. be us for rd or
a fourth procfé?,fsalre ideatical o imageciasesdyitosimplyi h?r ypligatg wadhirams g PEFE on of

the immge  T1GHS videolshsot 122 ngzgﬂoesagcsggphghreareé vider@ b WagS fordkabiples- >

One exenpl ary -arrang e and seco rames that are
identical to bymdgsg i&ivﬂi%SenSSr lbwsth dpplycaspdutputdeedsyipy using e fimaetgribbanitd

produced by the video sensor  12. This y he acco in.a yariety of
ways, for exa%ﬁﬁp@d t genesatn Juplicpieiapeess A% ui"i‘g\?mpqungﬁ%ﬁggl?ﬁéolﬂﬁi t feeds,

by using g : f@%@%teﬂmﬁll felaRt 6th1%%'§{ ﬁidethéikl&bh&?ﬁaﬁleb BRpAPof OF by

using a proce hat copies t 10 image frames internally for use as
both the fi rsfm@aqbrddeesn@cond frames as part of inmage processing. Such an
arrangenent nay be advapt ageous for cert} n .enbodi ne st t he

s, . for at.Ie
reason that it is extre pegnent may, erﬂﬁ‘f’”?‘f@%%’%ﬁ e Fahodimelis ¢ he

i mages prior fQ.f liégstftlller l%ﬁsoﬁrlﬂatslﬁggﬂﬁietﬁél?%ﬁﬁﬁeslt i nsk db@ed’é&‘f}h@&la’iﬁﬁlle&@r time
15 stealing or image trimm ng are requifed. Regardl ess of the precise

manner in whi thlalmhgsempatmtﬂlaéirg@néswpeé prqchse&landmomhgle@mﬁfprftmms
whet her ef<5cl usi ve or .non-excl usive ?Veas e variety of processes may be
§t HY ey se

per f or med'a Ing;Or Imagg MIAE ALe 16 Suitable first processes

i ncl ude, but are not IlRbgae@leiébftﬁémaseaﬁnﬂ@h@%wmhe&ppazram gereetexnd
processes include, but are not limted to, detectin snoke, displaying a

human- vi ewabl tedustpod seqond fismes ighethesfextlosive gpremexdsive, a wide variety o

processes may be performed as the first and second processes. -

Suitable first processes include, but are not limited to, flame

20  detection. .

Suitable second processes include, but are not limited to, detecting
smoke, displaying a human-viewable output, performing traffic observation,
performing security monitoring, and performing other hazard and incident detection
processes.

25 It is noted that an apparatus 10 in accordance with the principles of
the claimed invention is not limited to only specific algorithms for performing the
first and second processes. The possible number of suitable algorithms is extremely
large, and depends to a substantial degree upon the nature of the particular first and
second processes, i.e., suitable algorithms for flame detection may be very different

30 from suitable algorithms for traffic observation.

For illustrative purposes, an algorithm for flame detection is

described below. It is emphasized that it is exemplary only, and that other

25



perform ng security nonitoring, and perform ng other hazard and inci dent
detection processes. 25 It is noted that an apparatus 10 in accordance
wi th the woimopykes of the clainmed invention is not |im ped/tso2/omby

specific algorithms for perforrri ng the first and second processes. The

possi bl e nunb e al orlth xtre | ar nd depends to
a substantial? qﬁ‘é"&}"é’é ptgq'\'“‘?ﬂ%e Elalia-u ast‘HEe %Fﬁ lic"efsﬁra oﬁaecoglgcond
processes, i .oces§és ind 'b@eé‘hag@rshit‘éﬁ[& for flarre det ection may be very

di fferent 3 from suitab | e allgorithns for traffic observation, For

illustrative purposes, Heweaveydrafersdesasibing theelgguithar in detail, 3t maebe helphd

021 093525 PCTPUROOR Farets Heysha et Pk @Ok oo e e 2 e

al gori t hng f ofolleilY difduksibn explaRESHGnlyR itGHESId @Bt béfﬁﬁerb&tﬁcusathlnydlsandnabl e.
However, before describing the algorithmin detail, it be hel pful to
provi de remarthat the gltraedigversionregiiEes calor HP%E&SEWBOQ}FH%‘&I erth? #laimgdyes. The

5 foll owi ng ?llﬁlaglﬂfoh Bd%)%ltg&aéo%r@ erqél'a fiv Shigild not be interpreted as an

i ndi cation claimed 1 nven Yres col or i magi ng. Enbodi nent s
of the clainmed invent |A§1ptelvaius1gimotmm mxspreﬁaniedremimyhrbmtaqelﬁkd getentionabl e. As
previously noted, in a preferred L ment, th flredtectlon ar at us
10 oper at es u@qplarbat‘@o]lodfpem@fﬂ %anrﬁ?iorb O&‘érfIPWeQF E’Gflﬁf"??(j g t%a\‘iért“?téf)g 10
syst ens. §)§ a representative illustration of an RGB system 30 S
shown in Figure The RGB system nmay be conceptualized as a

three-di mensi onal  Car t B exampleoa dipneseatatiys ilestrativanifag RGIB eystemi3é 182, a

green axis 34, and bl u | connecting a n origin 38. Colors are
i dentified i nH (‘ﬁur‘f’ ei WSEF%H‘*‘yi’ﬁﬁog@ph‘\ ﬁ@edgﬁ?gthﬁeﬁf@ensfﬂ%al
system i s advemtQgaQisrditiic E}%fetn@'h'ﬂvﬁ‘l@mrb&ﬁilb 8D 5Sa griebn htlaB4, AMMLIGOLAE Vi deo
sensors are constructed using three Separate sets of sensors, i.e. one

red, one greedf, camctngatyinmigindl Eolors srendsnyfied na@unaoftyemdqbgwnt ad
s in RGB native t.o

VG 0 systom 8ok Bl T30 G g P &P Py PR R S e

concept ual i Zeglafp cloCAALS Hnséi9 @fe@oﬁ@f&&te(ﬁﬁ’ﬁﬁg?m&%‘épﬂﬁte%etrs&ﬂ sé‘{ﬁbﬂ;m fance
axis 42 and a bl'ue chrom nance axis 44 connecting at an origin 46. Hues

are defined ioneredmnegreanhaind oneduey and preghergfore peturably @adantpd to generate

images in RGB format.
One alternative to the RGB system is a YCrCb system 40, as shown
20  in Figure 3. The YCrCb system may be conceptualized as a conical coordinate
system having a red chrominance axis 42 and a blue chrominance axis 44 connecting
at an origin 46. Hues are defined in terms of their red and blue chrominance. Hues
located at the origin 46 are neutral hues, i.e. black, gray, and white. It will be
appreciated by those knowledgeable in the art that in the YCrCb system, a hue may
25  be defined either by Cr and Cb coordinates or by an angle value. In addition, the
brightness or luminance of a color in the YCrCb system is identified as Y, the length
of a line running from the origin 46 to the Cr and Cb values of the color. The
YCrCb system is advantageous for certain applications, in that brightness and hue
may be separated easily and meaningfully from one another. For this reason, many
30 devices for image processing use a YCrCb system.
As may be seen from Figure 3, the YCrCb system 40 may be overlaid
upon the RGB system 30. Thus, YCrCb values may be derived from RGB values.

For example, Y is equal to the square root of the sum of the squares of R, G, and B,
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| ocated at the origin 46 are neutral hues, i.e. black, gray, and white. It
w Il be appreciated by those know edgeable in the art that in the YCOrCb
system awbue/psmys 25 be defined either by Cr and Cb coor dipcaless2/o60Dy an
angle value. In addition, the brightness or |um nance of a color in the

YCrCb systemis identa}'_f_i_e_d_a.LY, the length of a line running fromthe
origin 46 to thhes®=aRt £5°vaBledt will bhiapprediated thEhsuch¥@obhersipatienoti s
advant ageous for_certain applications, in that hrightness and hue nay be
separ at ed easioPylesh BOWRYSH; WaF @P‘%WF?@W&H%VW Efé'rc.%“%‘r RRCAIMSason, many

30 devices for imge prﬁ;ﬁﬁﬁ%&%ﬁggﬁ@ﬁm\éﬁ{ &aﬂﬁhﬁms ASchRYake vitheRe f rom

Figure 3, the YCrCb syst e overlaid "upon the RG system 30.
Thus, YCrCb vdhined ineentibe, tHevideederfsonld R@Brated inages inforR@Rapgpem, whilé s equal

to the square_root of the.sumof th uar es. of and B, ., 26 WO
02/ 093525 e RS °°P¥3W;'%a§1 pUS o &@?@SYF‘F“\&“FP%W_‘S
appr eci at ed t fialysRUH infagbOMUBE TC0b spstéil Homevér, 11858 begpR¥¢RIed thit this
mat hemati cal |y convenient for certain applications. In a preferred

enbodi ment  of arsmgampatris exemplaryandy radd thae a wari ¢ty of alterpatiy ridgfisdionon, the

devi oo 16 convaIeTe TR el or s T Bedhcle 0 Sbalty o pephidSalleEPS O

i mages in theje(fdeGy. sSystem However, it will be appreciated that this
arrangenment is exenpl arﬁ only, and that a variety of alternative col or
definiti o systens nayRewrminge dbpvementioned =flgﬁntﬁ@tfﬁr detectingdborsasse pf 12
and the procegsi devi ce 16, hng. t.o -nentioned al gorithm
for detecti ngﬁﬁehg%fﬂeegselhogves 0 exe%x%}a@%lg?fg}th%gmf %%g%\sﬁ%ﬁrgexenpl ary algorithm
in a general form A neAhnsthed ofidsteting figesf100da addddddnce adthathelprinaplas dHh t he
principles of the clainmed invention includes the step_of collecting 102

first frames.theshiped pyseion iseludesstbp iep BHC‘?I}ECPW é‘_’%;ésﬁﬂa@,es-i OF; RUIRRSER e d
that there argr GEACLbY id MR dafrile, [1i@8REmed that HRAL il eREL Twb MRstifRfsaNd

conparison franes. ase and ¢onparison franes are btained wth a
peri od of1%l ajsstifi¢d asehbdbisamad compaisof Hiantes nFhp basecuidicomphrison foumestaron such

that in areal fire, significant and. neasurabl e changes woul.d occur in the
fire. In an e%ﬁ‘ﬁ?‘éWhé‘tﬁ?B‘Bfiﬁgﬁ]@P time, Ratygen ﬁl}‘ﬁn‘aggﬁgﬁ%%"é’%lf ﬂﬁf he

principl es Oéuréﬂ?&l ﬂllcgitg%% h QR QfniflchR dnldTReREfabRENhSpRRvdultoRuERl Of

1/30 of a second. T time period is sufficient to enabl e anal ysis of
changes i n gethewire.yInemcexeniptary emhddiient ebmmethiod i agoordanae with e prénoyples
conventional (\,/% tﬂg (c)lafrggcf %@gntﬁ)rn?thaeqﬁ etgeq'io%(%s 81? %h%i otder of 1/30 of a second. This
20 time period is sufficient to enable analysis of changes in geometry and color, and is
convenient in that a variety of conventional video sensors are adapted to obtain
images spaced 1/30th of a second apart. However, this time period is exemplary
only, and other time periods may be equally suitable.
In addition, it will be appreciated that it may be advantageous to
25  enable the time period to be adjusted according to user preferences and/or local
conditions.
Individual pixels are defined and identified 104 in the base and
comparison frames.
The base and comparison frames each consist of a plurality of pixels.
30 The pixels of the base and comparison frames correspond spatially, such that for
each base frame pixel there is a spatially corresponding comparison frame pixel.

These spatially corresponding pixels from the base and comparison frames are

assembled 106 into a plurality of pixel pairs, wherein a base frame pixel and its
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i mges spaced 1/30th of a second apart. However, this tinme period is
exenplary only, and other tine periods nmay be equally suitable. In

addi t i on,woto2xwisks be appreciated that it may be advant age®a3/is02/1469 enabl e
the tine period to be adjusted according to user preferences and/or |ocal
condi tions. Ind | s are defi.n | e base
and corrparls frbgérflne eSB% n%%%’ép?ﬁgnt%ﬁ% ?)Iﬂsgglr)] 1?&5%9 eaéﬁég%gr%salbgt of a

plurality of wﬂqﬁirSon frathed tiRrdlbreboastifite alpduraliseofaaits.conpar i son frames
correspond spatially, such that for each base frane |er there js a

spatial |y correspondi nglichrpsemplary methesbdiseleed hef%,e@ée & pad hepee pairs are
correspondi ng SBIRALL S G e; gﬁqﬁ ed 106
into a plural ?s'?hl)ﬁg#&p]l;x n%g??g‘l% erglrér:l a gds'e rggne plér>1<le g %BJZ? WO
02/ 093525 PCThHJSQanMr@Q)Qodusaaideahmygesm thesfpon dif mgamnnq:@xds;mnﬂ imthet pi xel
constitute a pair. The ba e arlsonfra sth%g Of_le constitute a

nd

plurality of yppsmaqeup éﬁiﬂrﬁ? YHAnted; A AVCHTxES and
hence pairs aér?a%@aémeéé 1 A8 JiRfs ih ARGl ARy be HERALR ghis is
convenient, int * ngp?/l?(g@;’sengi)rs lpr oduce v’?deo :nageg&eﬁm?he form
of an array obetyeareths; tmwrwiherrthe irasges mapedgainedi £02.gndovhemi the pairsare firgadi | y
transmtted andlma {?st %g However, this arrangenent is exenplary only,
and pi xel s inevzi“i‘att% J9Be defined at any point between the time when
the inmageg) are obt ai nedalfdhédh bedaddesvilpihepriatplcsiof te claMRl ididdort step
108. 10 A nmethod in accordance with the principles of the clained invention
al so incl udesalsmmcbldes}:)th@fstqp@tf@lmnmnmg 1086 frst propertypbgsdeasy saste efi the pirst some

of the pixel air The e _of rti S guite.broa and may

"ncl ude. esserf il e gHtpe i RLtpetie P b apd el Mhetfos YsPRRUARRY Brt o
limted to i n:hemrabYeci o6 { arfifithge Sﬁahmg baf ndtm&rdab iMaridi§] 1S ahd
intensity and col or 5 Properties that are based on variations may be
neasured in twatgl estemporal varkfiensindeteputiadfolpise pi xel s and conpari son

i xels bet ween pair r i I S
gescri_beglrsbel ow). | P\ a dlioplg%lﬁ? Hl%r %%Z’? elgeosu‘%?1 g% %ﬁé}ygeel(éle%&edl t?r‘g@s 0af‘laso be
eval uat ed, itheldiffiragelbgtwerntbabe pikéle dnd ﬁorﬁp/z&rsah bu(els or betwear pdits, ont ensi ty,
shape, area, perineter, 20. edge shape, shar pness, and geonetric

di stribution ggtween A ?fd}ﬁilré{l % lﬂq)lbsba%descrgflbed below).

In addition, properties of blobs (see below) may also be evaluated,

including but not limited to overall color, overall intensity, shape, area, perimeter,
20  edge shape, edge sharpness, and geometric distribution (i.e. location of a blob's
centroid and/or edges).

A more concrete example of an algorithm is described later,
providing more detail in this matter. However, the precise nature of the first
property, or the other properties described in this example, is not limiting to the

25  invention.

It is noted that not all pixel pairs need be evaluated, either in step 108
or in the other steps described in this example. For certain embodiments it may be
advantageous to evaluate all pixels, however, for certain other embodiments it may
be advantageous to exclude, or at least be able to exclude, a portion of the pixels.

30  For example, if a known and accepted fire is located within the field of view of the
video sensor 12, it may be advantageous to exclude the portion of the base and
comparison frames that represents that fire, so as to avoid false alarms from a known

source.
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centroid and/or edges). A nore concrete exanple of an algorithmis
described later, providing nore detail in this matter. However, the

preci se maoureIssbsthe first property, or the other properTasogesoyi bed in
this exanple, is not limting to the 25 invention. It is noted that not

Stept descr i bed fn thi AEiAAmerda hEFRLdhel bR titye ghie ArbRgdnoe"

advant ageous {Q f¥ethtatsidal | pi xel s, however, for certain other errbodi ment s
it my be advantageous to exclude, or at Ieast be able to excl ude,
portion of the p| xel s. Ggwﬂbﬁh‘éﬁ@hmoéeﬂy fth%tﬁtéﬁﬁkmﬁhalﬁ’dné)clé%tc%ﬁl‘ﬁr?@ﬁ s

located w thi {18108 Cf Inﬁ.lsg{)ﬁcour a?e tottfé'ee{iﬁ}/bxg)ggﬂf eﬁcztocrxa.\]nép é'tﬁ e fiFeY be

advant ageous on 0 S€ ‘an rison franes that

represent s t higkeshbldenaystse mlﬁlmuﬁﬂmtaﬂsﬁ)abmmbmrehm : | pa)maamlnnnum averege ce. 28
WO 02/ 093525 PCT/ US02/ 14609 At | east a port P ngl Vi dua airs of
pi xel s are coYales g apag, ete.oAgaim; theprecisegaitie gt th lr%t ﬁSlf‘ﬂ qfllf‘es‘f roperty,

the first thr &H!)I[qs H@@énﬁ@&?ﬁtﬁfé@hﬂ aaﬁlnlﬁt llmﬁtker{gpelfﬂé"'m'v&ntmﬁs'[ of course

relate to the TSt property or e rst 5 threshold may be a
m ni mum intensity of eaﬁmomlmbammaetphe first thresholdythe proessa §@0 isvakueNé or a

pair, etc. Again, epreC|s nature_of the first reshol d he ot her
t hr eshol ds de@%’P? b‘e‘gtqnﬂi‘“ﬁqﬁ% B RSP e FOMEVHL SIOfFF ﬁ‘i“[“f’ geelien ﬁéyﬁl?ﬂ}lté(r?ﬂ on. If

no pixel Qpirg, probi&s frhfhef thwa%laf&éievehh%@;sxes&§aod%1¢a$1yqy;ferats No flame

is determ ned to e present. However, since flane detection’is typically an
10 ongoi ng prsime&ssangurhér than a di screte event, the process 100 typically

repeats, as shown in ure 4. .Any .pi X irs that £ . f

threshol d 110 are consﬂ&gygﬂ‘e Balﬁgﬁatﬁ?‘?fg }E;}a ttﬁregﬁﬁdé?@%geséoggg{:ﬂeé%% into
one or nore bb@@%alrﬁami% dsSenle@$BEME dneldr méte BoHRAIA Blob hddn dsserhblgrffi fi ed
for further study. 15 endlng on the precise enbodi nent, a bl ob nay be

defined in vblobgais thayis identified forsfurtigredidyform it is a col I ection of _
conti guoqu pi xel pairs. QF%?ndyr{%qt%}g@g}e)%e%pPﬁ%bxdgge%?r Itﬁ&j)% %fe dggﬁedf rmation

of a blob™1s prOV|ded I Feci s6 nanne a bl ob
i's assenbl ed {giduetwal tb)rs nIrh'tMmbIésttibﬁnllmi/sQi’ktdll@mod csfdoanmﬁmpmeepmm Ahere to

be nore than one blob at a tine. If there are
further exemplary description of the formation of a blob is provided later, however,
the precise manner in which a blob is assembled is not limiting to the invention.
It is possible for there to be more than one blob at a time. If there are

20  multiple blobs, all of them may be evaluated collectively, or different blobs may be
evaluated separately.

Once blobs are assembled 112, at least some of the pixel pairs
therein, which may also be referred to as "blob pairs", are evaluated to determine
114 a second property.

25 If no pairs meet 116 a second threshold, the process 100 is over.
However, if some pairs do meet 116 the second threshold, any pairs that do not are
excluded 118 from the blob.

It is noted that, up to this point in the exemplary algorithm, individual
pairs have been the focus of the evaluations. That is, the properties of individual

30 pairs have been evaluated, and individual pairs have been excluded if they do not
meet the thresholds. However, this is exemplary only. As is shown in the next steps

described, it may also be suitable to evaluate entire blobs, and/or to exclude entire

29



20 nultiple blobs, all of them may be evaluated collectively, or different
bl obs may be evaluated separately. Once bl obs are assenbled 112, at | east
sonme of tWwe opioxisks pairs therein, which nmay al so be ref er ped/uso2/asoy bl ob

pairs", are evaluated to determine 114 a second property. 25 If no pairs

pai s do meet DS el dgphyer kel hESERbIY ot Cithigu B Rocrth S00F o

118 from the pdil of tHe digoritRinSshd dvaipletd Pldbe at dther gudmtst in the exenpl ary
al gorithm individual ﬁai rs have been_ the focus of the e_vgl uationff That
is, the properties of iNextvihglblabsare pyafuatediia dateping 180 2 thizd ripperngli no

i ndi vi dual pa{glirogs @gég%?gaﬁglrgﬁﬁbéﬁgg tl%elpré{%%’mlﬂlﬂ?is%%ar. IFBRL of MSrd§166Sdp! ds.

However, this I n the next steps described,
it may al SO bgesui32ahd thirdahestadldiang biobsithat dbinobare eaciddat 134caserwatfude entire

29 WO 02/ 093525 PCT/ US02/ 14609 bl obs, etc. Furthernore,. it may be suyitable
to address i ndividual p"&‘uﬁgr%@ssem %ﬁnﬁmu‘f)ﬁ]i“}ﬂs%lwg‘?lpfgy’é’f'lgbﬁaqt‘frﬁﬁ{‘g’:fﬂc# .
conpl ete bl obg f&hh%&%ﬁyp%%%i 1Eith cadd)f iPAQBIREEWRMALURL BBbYEr, det er mi ne

130 a third property meet 132 a third threshold, the process
100 is over. alfermmively; thethieb pdicsh sedion fourtb ¢hresi®d 138 etchilf do blebe §dralixkls)any

bl obs that do not, are excl ud 134 as non-fi . Thi ocgess. ma onti nue
al nost i ndefi Wie‘?té"?/fe? Vaf‘htk’ﬁeégglfl DRRTICET s gﬁﬁ)g&qrtmx%?)ﬁb%tr Ofoigbetétt c. In
each casey i t rdisvaRQhRENSIAGE WRAIBE asishewR iDRed 040. al ternatively, the blob
pairs) neet a fourth threshold 138, etc. If no blobs (or pixels) neet the

rel evant threshol d, theThe oweber ofsigps toBhdlssalgernithpi may ¥grychagidegabliiot neet

the 10 rel t hr eshol | ud h ' nb f
Steps to in ¢ NehRRTeH RafeiA iite) Bl BRRp ol Borgdideglic, 5" ©
(though not apseditheihclugbsa theasiei discriffihatinghitis/ iy, ehesiettesit i@t derlGog fitdom

includes, the nore discrimnating it is, i.e. the better it is at detecting
fires and rejustrejeating flsserlammsy fonvesely.che glope stepsctheralesritng sludge the gori t hm
i ncludes, ;¢ he_15 [e.pr ' r | jme is
required {% dléltoéeclf%%esf ‘}%ﬁg’@%ﬁ%@%ﬁ@&ﬁ%ﬁ@?ﬁiﬁ??Ystrﬁg&gedf glre {égff’ gglt;ééps and
the preci se anad yisesembodioiens the riuntee bfistepsl dnd\the prebias emhlydes berditnedn part on
this trade-off. In addition, an algorithmfor fl detection may be
tailored to atherest wal yarymagqdrat lgestiapagon this faderPHg but not linited to | ocal

lighting conditions, thg addition, an algorithm for flame detection may be tailored to a
variety of circumstances, including but not limited to local lighting conditions, the
20  fuel type of the anticipated fire, local optical conditions (i.e. the presence of dust, sea
spray, etc.), and whether known false alarm sources will or will not be present.

However, at some point, the analysis is complete. Once analysis is
completed, if any blobs remain, they are indicated 142 as a flame.

In order to illustrate additional detail, a more concrete example of an

25  algorithm for flame detection is now provided.

Referring to Figure 5, a method of detecting fires 200 in accordance
with the principles of the claimed invention includes the step of collecting 202 first
frames. As in the previous example, it is assumed for purposes of discussion that
there are exactly two first frames, identified as the base and comparison frames.

30 Individual pixels are defined and identified 204 in the base and
comparison frames.

The base and comparison frames each consist of a plurality of pixels,

and are assembled 206 into a plurality of pairs.
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20 fuel type of the anticipated fire, local optical conditions (i.e. the
presence of dust, sea spray, etc.), and whether known fal se al arm sources
will or wwilozmedszbe present. However, at sone point, theramalsysis09 s
conplete. Once analysis is conpleted, if any blobs remain, they are

o ot S ovan 22 21 AR e PR s Vi i B Gl of R Wi ilchior? T @

[
concrete exanple of an r n1s now provi ded.

Referring to fHsgihchidas the steplofastefthinglfl X0t the thtdrisitg Sf 200ast Sorac opthepiree Wi t h
the principles of the clainmed invention includes the step of collecting 202

1; irst fr arreapailﬁs Intgnsityds thesverlidrighineps of anjimage. Bhisyakg 1§ bR poses of

i scussion t . r ' ' i b
and conparis o%te?t%fgﬁl%s .an%%?rﬁ% ?%a%%‘gﬁg%’é {el{ai h%%lé?%g%%éé%l%gﬁfg ;él lggarrll ?]é %gg ZSZe
in the base amsh-flanepsjetts oA bixeiBonditiared aslee avedfidanid & dommpiettiyditied byach

consist of a plurality. of pixels and. ar ssenbl e 06. i nto lLuralit

of pairs. 30 WWF@QB@%Q*“'@@‘I&%@‘?PP@%Géelg&%r%}t“ﬂ%or %%%&@Eﬂgﬂéﬁ?fé&\kﬁ toR thg
princi pl es of i ' [ ' t f 1Ni N
D08t ho | nt enler LR g QR @l B pcl B UfIRRG), Ruriiof iRl e, 09
overal | bri ghinesiy of a pixel overfeledTHyi sflamé vaids basmiainthe particilkdemifiappiraysf | anes

for at |east the reason that |1y «© A nt t 5
non-fl ame obj %t&%ettm(g& Tﬂ?_‘?é%quréh%gﬁiﬂ%ég%%g‘?g@é’%\ﬁ%ﬁ‘i‘eﬁ llflgl'ﬂselpyfsgf §H22npl etely
filled by a”ﬂ?xggsgst_ A1 disaRGS, ﬁoagg%cataaapﬁah&ugoaaaeﬁarﬁ&ﬁﬁlifnagé Set@hdier wor ds,

the image arti Is too large for the pixel to contain, thus the pixel
is overfilled.) Further Aoy pixehpditsdhajlare deterniingde?2id) toyhawé a mipinyeh irgensttyi | | ed

by a flanme varies base n e particulars aratus and tings,

o xel s over | FEGERTPTFY GHBSIPERATS Bhdits dSmBlod PRARRARE e e PRSI 10
flanes, at all distancegnofpiel paipdibéthé MiniARRAINANdRy,aRslpRREds200ligsver.Mage
settings. Any pixel pairs that are determ ned 210 to have a m ni rum

i nt ensi t% grEOd?nEiidéﬁeurllin@ﬁ tocbetiredsenp dil e wevensancgrftamesdasention ds typallnt o one
or nore s. |If no pixe irs nmeet the nmpioum.i ' oCcess
200 15 ovk angpgofh Hof @ (RRkt el PetelEeThl R oL AL 308 Winfeat i IORESS

detection is ghowcialFigure 35 an ongoi ng process, rather than a discrete

event, the process 200 typically repeats, as shown in Figure 5. In an
exenpl ary enmbodi nent, tHeangaemp amb%n@mthﬁdqtmwpylﬁ@ﬁ%&ém th

respect to b Ohlgdé)i’vﬁﬁ lréspiept t@b@lﬂiﬂ’ixeﬁ Qxaat pejils, thalP %t, BotB%%@@m%ﬁhee?@&he some

minimum intensity threshold. However, this is exemplary only. It may be equally
20  suitable to determine 210 intensity in other ways, including but not limited to
measuring the intensity value of only one pixel, or the average intensit); of a pair.
Pixel pairs that meet the minimum intensity are assembled 212 into
blobs. It is emphasized that blobs are analytical constructs, with no objective
'physical reality; they do not necessarily represent fires, or any other object. They
25  are a convenience for processing purposes. Furthermore, it is noted that although it
may be convenient to envision and/or process blobs as visual artifacts, this is
exemplary only. Blobs may also be treated as strictly logical or mathematical
constructs. Thus, nearly any arrangement for assembling blobs 212 may be suitable.
In an exemplary embodiment, a blob may be assembled if it meets the
30 following conditions. It must have at least 5 contiguous qualified pixel pairs in one
row. It must have at least one qualified pixel in a row above or below, contiguous

with the row of 5§ contiguous pairs. And, it must have at least 25 qualified pixel
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mnimumintensity threshold. However, this is exenplary only. It may be
equally 20 suitable to determne 210 intensity in other ways, including but
not |im two wom3seeasuring the intensity value of only one PoAg2/1409 t he
average intensity of a pair. Pixel pairs that neet the mninmumintensity
are assenbled 212 intg blobs,.It is.e sized that bl obs Lytical
constructs, V\I?Tﬁ%%%fo[g?‘@%‘{eﬁ}@s eﬂ}ﬁl?g?%egﬁggte%sil? gremuiay g}’ ’ ﬁigéti ﬁlﬁggfziggari ly
represent fir@ginif) appioacRésBF aRBinBhig bibBeMay B8 equitlyduaablyeni ence for
processi ng purposes. Furthernore, it is noted that although it may. be

conveni ent to envisi on Witaied heblieber mpesssingsayirednse the pymbeof ualticd | s
exenpl ary on| lyi'xelﬁyla?rlgﬁr Y. ?som%?reﬁﬁfeatﬁaggotﬁ%uﬁ{ﬂé 8%& llé)angs(fﬁ':lt ke u
SOt HEtTe” V- any ngenent

mat hemat i cal us, ‘near arra or assenbl Pr?g bl obs
212 may be sublbBlind. mdyreven aRuethp bRbto ereditrtratit ncelobhpememy thedefisisienbl ed i f
It nmeets the 30 followng conditions. It, nﬁst, have Cgt | east 5 con;iguous
qual i fi ed pi x&lterimfors bleb. Jins examgple, if some pixehpaies a5¢ exduded APAHIH ed

pixel inar | . w of 5 contiguous
pairs. And, i oﬁh{g%@%}g%@ﬁg%}l\ﬁé%@?jszdg%gﬁﬁ%égmgé}?lafrgl VO 02/ 093525
PCT/ US02/ 14609 pairs tDéemdndingmnete embodimiest, @npaalsd abuntapedusthiexclids a

exenpl ary only, and that othe defini approaches for. ass | i ng bl.obs
may be equal | _OE_L‘J{]'n 4By Bmep{ng ! nﬁ?ft”éﬂ:tﬁﬁgfieﬁﬁf‘g 8 nﬁrf%aeglgﬁng‘qbtr‘?ﬂ?u?@adtce t he
nurber Ofl(ﬂuaénh{, b@qdvamage&usaaltfeﬁt A 15869 Ys-b1JBY SheBBYIRRUHEErdI&RS of Bleal number
of pixel pairs that nmaké up a 5 blob, and may even alter the blob to the

poi nt that i tnumbdrandermrangeetent ofwxelghiratherem Aspn ingeinzediate optidy, ghnay-esy
exanple, if so i xel pairs are excluded f.r articular ., blagbh, it mght
no | onger hav vggtgg?o%(?gsstﬁyaqqefolr g@rﬁ}ﬂweﬂﬁqﬁe%n&%ﬁ%# ﬁg’l%}%mfl %éh ect at
embodi ment, i fcHREpRE pRIKAMATRR YRathPle Stk UoIRr Aeterhifltidr 2 Bf (sédBeléw)Tehd t NO
| onger neets the defining criteria for a blob. Alternatively it 10 may be
advant ageous total nnmder oflqualifiehblob paiss imesclyblob nanst ba 20, Wharg helgreid 37ap5¢ he

i rmy bet> adoantapuabet e b s EsEhle aRel WL AT A AR Ty

a bl ob nust nReldefhing @AEFedstiging BlenPiag ®s Suitgle. For exanpl e, after col or
determ nation 214 (see below), the total number of qualified blob pairs in

each bl ob nust be 20, viBeeonseaRereblobyate sssembled AL2, 3 abiatsyel pshiemabd,
and reder | ni gt RRRERE SRR oRPE B G AR MsP bR SHARRT s BB BT

and redefinin nor e obs are ‘assénbl ed
212, in what eyelevilasthd @detérimind 2Bsthedeo®lr.of the pixel pairs therein, which

may al so ,’?Oe referred t OInaz;,5 p1:;=,tbe|rr%lc31 e&%ioai?;e’nt of a method in accordance with the

principles of the claimed invention, color information for the pixels is evaluated in
terms of a YCrCb system. In this preferred embodiment, color information is
processed using 8-bits each for Y, Cr, and Cb, such that each of Y, Cr, and Cb have
values ranging from 0 to 255. In addition, the Cr and Cb values are set such that

25  their origin is 128. Although for many coordinate systems it is traditional to set the
origin equal to (0,0), this is not required. It will be appreciated by those
knowledgeable in the art that the ranges of Cr and Cb must include portions that
have values less than that of the origin. Since standard 8-bit numbering does not Pz
include negative values, it is convenient to choose a value for the origin that is

30  approximately midway through the available range, in this case, (128,128). Further
discussions herein regarding this exemplary embodiment of a method in accordance

with the principles of the claimed invention will refer to this exemplary coordinate

system. However, it will be appreciated by those knowledgeable in the art that this
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are evaluated to determne 214 their color. 20 In a preferred enbodi nent of
a nethod in accordance with the principles of the clainmed invention, color
i nf or mat i wo okop3sthie pixels is evaluated in terns of a YCPCh/sysiesm | n
this preferred enmbodi nent, color information is processed using 8-bits
each for Y, C,

and , such that ea f.Y, C,.and have . val ues
rangi ng from BTAECDEY 1S PAPIUHY D n@‘fﬁ@?ﬁhegﬁﬂn%acﬁsggy aélpé)tl%eétsysgff% t hat
25 their ori difhahdli lorAh4y S IEhaflPsuifady coordinate systems it is
traditional to set the origin equal to (0,0), this is not required. It

will be appreciated by Inqueferied ombedigieabltiee 3ogenthlele golor range is1gpreseiebs of
Cr and Cb rrust; Rihncfl3 lﬁ(izlremggrt%itons that have values | ess than that of the
origin. Since Y& ARES TR unber i ng does not / include negative val ues,

it is congenient to chqygey,p>BAND |ERECTH|Pes ANIY(Or AR Cri)S- BB appr oxi nat el y
m dway through the available range, in this case, (128, 128). Further
di scussi ons herein rega‘f"]éﬁrﬁ'g this exenplary enbodi nent of a nethod in

accordance wth the pr{{éll%ied?r‘jig e‘ﬁImﬁmQr?ce%ﬂh@ﬁgiriuﬂﬁ%hﬁﬁex%ibﬁ' refer to this

exenpl ary coordinate sy wever, 1t w be appreci ated by those
know edgeabl e in the arY, ishia cdnipasisors Rinifar22/fOXRB Pbir BOddrdSadddrd6aY
arrangenent is exenplary only, and,that other. nuner.i caé syst.&ms.and &)t her

systens of handling c ’i@r‘s"r]i‘ﬁgba‘if’ée@ﬁ figangce feripe pair ppdex cppsiderptiory an

enmbodi nent,, t he accept I LG ed requi renent
that: 5 p@o Y11 > 5pA§%II?%§18-C§:fth | >%%dihﬁgﬁ?ﬁ§l§@g§%?§ygﬁ&%g8 \C/]\,her ein Yo

is the base |comsideratienfor the pair under consideration; Y1 is the
conpari son | um nance fofr the ir und nsi deratiop; .Cxo is.the base red
chroni nance for the pai‘é‘S _ggﬁ%ﬁsg%agrggﬁrgﬁ}oq«gﬁghaﬁt ééj%er‘?@efrhe conpari son
red chrom nanggiffite bli¥eBRite HARIRId the ARPAROAPLRNis Aeadl 3, thEMRRAYSIn t he
first threshold is that the difference in |um nance between the base and

t he conpari somrd phroglinanse & at(least$, apd thenmaxinfuneredrebzominangeaaf ththbasaiandince i s
at | east

_ _ Fg and the npaxinum rledt ' pance of tge bagﬁ '?:dt 15,60 1ari son
pi xel s is2at JoRpapsombpixelysgt lgast %% Lo MEpAxe) paifs ISt H@ll g5AS"d  nange in
l'umi nance, a [ghad@ige, dthaRgt iGReOHroRNtRAce, ARd adtrbhg AAThEGAinavewVienAince
overall. These exenplary values are characteristic of certain compn types
of fire, inclThfspgxemplary values are characteristic of certain common types of fire, including
but not limited to those fueled by hydrocarbons, and therefore are convenient as a
first threshold. However, it will be appreciated by those knowledgeable in the art
20 that these values are exemplary only, and that other values may be equally suitable
for the first threshold. For example, since air-entrained, premixed methane flames
commonly include a strong blue component (as may be seen in the bluish color of
common gas stove flames, for example), an acceptable color range that defines
values for Cb might be suitable for embodiments adapted to detect such flames.
25 In addition, it is noted that the color range may be more complex than
that illustrated above. In particular, the color range may include two or more
unconnected sub-ranges, i.e. for simultaneous sensitivity to two or more different
type of fires, with two or more different colors.
In addition, it will be appreciated that it may be advantageous to
30  enable the color requirements to be adjusted according to user preferences and/or
local conditions.

In an exemplary embodiment of a method in accordance with the

principles of the claimed invention, color evaluations 214 may also include
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but not limted to those fuel ed by hydrocarbons, and therefore are

convenient as a first threshold. However, it wll be appreciated by those
know edgewlol oe/0b3525 he art 20 that these val ues are exenpl argTarsoy46and t hat
other values may be equally suitable for the first threshold. For exanple,

since air-ent alned prem xe hanefla 0 de a $irong
bl ue conponerfSiYALNAGS P Q&‘ ﬁnﬁi‘?mtlﬁaéwﬁlaﬁg %fo(ggtr gg?TD%PXIr%M exgegép Yove
fllames, for @érwh@aem %ﬁﬁﬁ%&ﬁ@h%&%@éf‘?@?@?vﬁb&{ tiiefsi avasttervdil ues for Cb
m ght be suitabl e for enbodinents a to detect such flames. 25 In

addi tion, it dajcutesingdhe tatio Grieb sl @lcﬁﬁmgéhmytabgemeéeqfo I SIRPHRERGISS 2 t hat

il d ab
unconnect od oaBb prrgBeR bbSHEy YATh coSioRle MRy fo iRt IR O T00°

di fferent 5 t yReh ellchlafisis, sinkd if tieRnmPianb®Eordinhlecy Mmﬁt@ﬂoths reshiingdetot i on,
it wll be appreciated that it may be advantageous to 30 enabl e the col or

requi rement s dimensioral jpind tindicaiesdvredinhiy withousiarenpitdai. eHewsverntiM8H be ocal
conditions. In_an. | r t he
principl es of p[pﬁeél de{ﬁ%e%t%/sﬁvgﬂ? &OJ;?&}C (E)lgrgren\r}gahggg? %ns g(li)% d(r%1a?e3r1;&1€rfeglofgJlﬁlncI ude

33 WO 02/ 0935atherReldridpitend 46@6ll. determ ning a plurality of chrom nance
angles for the blob pairs. In the exenplar as 0 erein, col or

processed in ternms of Yigr s xgmp laes empegimen H %FFOE%P%YVH]P }Wg t he
ratio Cr/

ot o of Whariihehferel tﬁ%%%g%éd”%g{é%“?@%?8‘?%‘%?2‘2&3?? IR pRico 1
fadvant ageous wihinThscslbr magealkainchidss daemnmngfwlteﬁmr thend oimommancmmgilesat eY

is omtted, the resulting two- di EJSlonaI Ot? dIC ni I w t hout
intensity dat&ll VPH\A%@%F“%@WW“’E& U PAYE 208 Eio cﬁf"%l ﬁﬁ T'to a
YCr Cob chrom ngpee r%o%%l 1€elg§ﬁ¥n?@ v@ﬁa@\ﬂmlﬂﬁgmfaﬁée ar%ﬁé@‘%ﬁat%?é &Etsxﬁé’ ofges as well.

In an exenplary e a method i n accordance with the 10 principles
of the cl ai nediridowenay bnexcluled detrecanisivatation. This ishdventagheys, finatleagahe s f al |
within the color r e al so incl ydes her th M nance
Angl es 153 | PR A PIRNGE & RTHAle ABL TR ek o el liag mengres BEERT e
typically falj}jamyddRedotHcR!latbl vely narrow w ndow, chrom nance angl es that
are outside of the w ndow nmay be excluded from consideration. This is
advant ageous, for at |eﬁmextamelelslthcelab@mﬁcwdtllghtlngndewme§klas andgirectand

effective Waysucr)lfhgl‘;"‘txr(r:la)llJ ah N Tefative Xlgﬁ%gﬂg 1n{en51§1%s tﬁéﬂo@ot%ﬁ@g %8911&%8& r hue.

angles that match those of fires. Sunlight and artificial lighting are typically

20  balanced or nearly balanced with regard to red chrominance and blue chrominance.
Daytime skies normally have stronger blue chrominance than red chrominance.
However, as noted above, actual fires have a relatively strong red chrominance
overall.

In a preferred embodiment, the window range indicative of an actual

25  fireis from 115 to 135 degrees, relative to the positive Cb axis. However, it will be
appreciated by those knowledgeable in the art that other ranges may be equally
suitable. For example, the fuel being burned influences the chrominance angles of a
fire. As a particular exemplary case, propane and butane fires tend to have lower
angles than diesel fires, and therefore if diesel fires are to be preferentially detected,

30 it may be advantageous to increase the upper range limit of the angle window, |
and/or increase the lower range limit of the angle window.

Use of a chrominance angle window is advantageous for certain

applications, in that it excludes clearly irrelevant data, thereby avoiding unnecessary
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For exanple, although artificial |ighting, daytine skies, and direct
sunlight may all have relative high light intensities, they do not have
chr om nanwe 02apgshes that match those of fires. Sunlight amrdTare/i4co al
lighting are typically 20 bal anced or nearly balanced with regard to red

chrom nance a bl ue chrom nance. time Ski ornmal |y have; st ranger
bl ue chroni na&ddgo‘feﬁ%lﬂg F’é‘gll’&m%lﬁgﬁlé‘?fggx' mﬁﬁcﬂ@%&‘?a Q?{ ﬁ(ﬁr%%es b\?/%o,weé%{’ al
fires have a g @édpé)%cyateﬁ 5P 13sé RibvABIRADRIN AR arOMal idld exelnplaty AT &1d ed
enbodi ment, the w ndow range indicative of an actual 25 fire is from 115

to 135 degr eethat omeitting the usoof hehrpoiianeeangihwindow. mepbeequallyispitahle forpe
appreci at ed b%/mt hose .kr{ow{ edgeable in the art that other ranges may be
equally suit agm_ap'pgfa Wﬁ‘npl e, the fuel being burned influences the

chrom nange angl es of aregdardless ohshepdpaidiiling df eie KR MRlgR! Vlobgaes afer opane and
butane fires tend to have |Iower angles than diesel fires, and therefore if

di esel fires evatuated 236 tpdeteaniag hethey theyfalk within this Gojorrangendf aQIhloRt ageous
to increase the ef. | L L ndaw, LiGhease the
over range | T ER R pRERE Solok Prbe dhe bliEe@ D Ss M Mpre A0 b B o 1 <
advant ageous protess 200 ajpicallgpepeatass dosvn in Figupab. i t excl udes clearly
irrel evant data, thereby avoidjng iLt;a:]*:{;e,ce,ssary 34 WO 02/09

)

5
PCT/ US02/ 14609 of pr ocBaiEsithy dertpt falhvdlindee toler rapgerg ey # e dat a t hat
I's procesgped. HOWever, g ool Ho};pﬁ lgér%g&%f%e@itv@gvé)ﬁé deipRfetingyl edgeabl e in

the art that it is exenplary only at omtting the use of a
chroni nance angl e wi ndoAs isayelbknegual thy agiad deblativé tra vabes tepiescrdmglthe at i ons.

5 Regardl ess of t artjculars of the color range, blob pairs are

eval uat ed 216rafeo°tg:_g‘? i r?é‘e\R/FFé’(eFFé!rWIthrf&pechﬁolm\RﬁFﬁi Pe‘E‘Yﬁ%é’e_gmaX ®range. If no
blob  pairs faldmhddnad Ml@vgﬁétgbeﬁaeﬁies,te&&npre@%ew&oa@e HRCIOYERT beldb.
previously noted, the process 200 typically repeats, as shown in Figure 5.
Pairs that do not fall W ddrivatives ey ocludedevasives with Irespeet to dgtance®rFor
each bl ob,_at ltgast one. .deri vatg’éVﬁgi.s det er | I -known in

ined 220,  As |
the art, & deWithZespesd 19 Ems, fq BYaélé’gmvilt%Qst%ﬁ%t%o9éﬁtaél°8|f’rs°8’ﬁaenge of one

property W t hinfGsRE6h absut ¥BRAHYS in PBIob\REsY ftalBY (dkP refigtedidhapai?dd0 for a
vari ety of properties, exanples of which are disclosed below The

derivatives naysdtrepiastewlide deranativeswith respeet s ime provide yxfermation gpout1s wit h
respect 1o tig48hs B Mo SVer ARl (afS etk 1 £SRERPorkPafliciiBlisS. Provi de
In the exemplary arrangement described herein, a derivative with
20  respect to distance requires comparison of at least two blob pairs, or individual
pixels thereof, since the base and comparison pixels making up any individual pixel
pair (and hence a blob pair) represent the same point in space.
Also, in the exemplary arrangement described herein, a derivative
with respect to time requires comparison of a base pixel to a comparison pixel, since
25  the base and comparison pixels represent different times. Typically the base and
comparison pixels making up a blob pair will be used, as they each represent the
same point in space.
Thus, in this exemplary embodiment, distance derivatives are made
between blob pairs, and time derivatives are made within blob pairs.
30 However, these arrangements are exemplary only. Other imaging
and processing arrangements may be equally suitable, and may incorporate other

ways of determining derivatives with regard to distance and time.

35



i nformati on about variations in a blob across distance (also referred to as
"spatial anisotropies"), while derivatives with respect to tine provide

i nf or mat iwo oalbg3ses variations in a blob over time (al so recarusez14609 as
"tenporal anisotropies”). In the exenplary arrangenent described herein, a

derivative wwth 20 respect.to distance,requires co [,son . ] east two
bl ob pairs, or individ ‘f“ai’lﬁ ci/%‘é‘l" t“feﬁg?re%af“,’e ?tﬁ“gg’ntlﬂ‘g&g%égp%rﬁg'gtc@%rrggcfi son

pi xel s nmaking u NYy 1 NgH Vi | phxel ir (and hence a bl ob pair)
represent thetosgncyg, %gi,%ngggac@.—ﬂmmb?—éﬁn It leeerapteniabdithat theseadrgatyds,
described herei ! adderidati®e Wth resfect to tine requires conparison of

a base pixel [y kO @ertiioﬁ%elﬁ,ia’f@éxenﬁhils'f%,lnl)@%&e@d&mav@snﬁaye@éwanﬁon

pi xel s represent different tines. Typically the base and conparison pixels
maki ng up a béuitabledor flamé detbaionsad] other proweyses andy use pthes demivatives. same poi nt
in space. Thus, in this exenplary enbodi nent, distance derivatives are nade

between blob pairs, and¥i e, fenbyal dMBRndayS rdpRERn RTrOb eBorRitiates by30
However, these arrangemeits are exenplary only. Oher imaging and

processi ng aryangenents be equal | ¥y suitable, and i,ncorporat e ot her
ways of deter 'Wﬁﬁ§65889tit€§¥’levzgl catﬁs ﬁ’&fﬁ?’bﬁeﬂi} “Engﬁltgno?é%A%%%g?/ﬁef’P% WO

02/ 093525 PCTAd/80R thédROP as Bbletpalies. P'ﬁﬁieyaieil&ﬁ&nftﬁbhid(f%ﬁﬁ ifledsagtovernirec! ude,
but are not limted dY dY dCRdCB to, ' dx ' dt R' dx , dt B, and . It is

enphasi zed t hahile mesge noeflamaisoutees, i.gtelecsinllights munkighterie s danet Jews, ar e
exenpl ary only. her .derivatij.ve he . | | A f
detection, an a!)"t%fg? OB e eglsvgév?r%lf}gg}s/sggglflﬁg?&gg% Q/%WF %L&%h%eisé&g& )

derivative of intensitygyrepresented in YCrCb coordinates by Y, wth
respect td time. It i ndir%atsesdetrfvétl‘tﬂﬁng@nﬂw With &gsp¢at yo pesiorb| lsbdiegirs/ or of
portions thereof, as ti passes. Flames are known to change in intensity

over tine, WiirdaBon®imyinfeasity doasse tiseblob.Elaries @re lelodattoihavd vgtutions sunl i ght
etc., do not. Thus, evaluation of this derivatjve may distinguish (E:t ween
fl ame and nonintengiteaeyestheis straqiure gt anygeiyen, e, whilg mapy sopsflagie §pyraes 4 pect

to position. #t gL GRhGSton' & thRldeAPRivehd iﬁﬂ?uﬁéﬁ b%f\{'&?lsﬂaﬁﬁkearﬁl foR: Fl ames
are known to have 'variations in 1ntensity across their structure at any
gi ven tinme, whahesémeds. non-flame sources do not. Thus, evaluation of this
derivative may distinguish between f|anme agd non- flane sloucti.ces. .
15 Although x is sometimes used to indicate a particular direction, 1.¢. a
Cartesian coordinate axis, it is used herein in its more general meaning of spatial
position. That is, dx may represent a change in position along an x axis, but it might
also represent a change in position along a y or a z axis, or along some non-
Cartesian axis. It may also represent a directionless quantity such as distance, rather
20  than a displacement along any particular axis.
dC, dac,
dt

respectively with respect to time. They indicate the change in color of a blob and/or

and are derivatives of red and blue chrominance

portions thereof over time.

dCy and ﬂ are derivatives of red and blue chrominance with

25  respect to position. They represent variations in color across the blob. As with o
X

it is noted that x represents a general position, not a particular axis.
The combination of the above exemplary derivatives provides a

thorough description of how the intensity and color of a blob varies in time and
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15 Although x is sonetines used to indicate a particular direction, i.e. a
Cartesian coordinate axis, it is used herein in its nore general neaning of
spatial woIRwpIsAS That is, dx may represent a change in PEIUSOLM68$ oNng an
X axis, but it mght also represent a change in position along ay or a z

e R e e

di rectionl essquanti acenent

al ong any par upetflcédllyassednblél hinas) thedvatiations ekbibited tbly\flasnes fare wad oadidarily ue
chrom nance dt dt respectively with respect to tinme. They indicate the
change in col foungn sorsflgye soFEe porti ons thereof over time. dCR and dCB

are derivatives of red ?&dex%lg?e I REh R8R ;ﬁr"@%g?hts%#ﬁpé“iﬁﬁ%ﬁt%%%ngi@y

position. They represent variatrons in co 0SS b. As with dx
it is noted timtcotorrgeperally ninslan tqythatofad flpos ithéyodo, natokryaingemd orcsphes; anki s.

The conbi nati gn of the above exenplary derivatives provides a thorough
description o&uﬁﬁwl?%‘é‘e‘i‘t fedpsiney- S(?Bﬁwlbﬁsrls‘a blob varies in time and 36

WD 02/ 093525 PCT/ US02/ 14R89mosiatightsAichQu elbsaBmMEnBO T ¥dhi@ed Riove onyar y in
time and space, including sone that superficially resenble flanes, the

vari ations explatd toguadsyarfd kemes may e qonsidaret] ieavary,put theydd nohgenerally vane

sources. For ex | e, althou SO fixed.lights may em ty || Wi L h.
intensity 5 ﬁﬁggg%ﬁl%?‘%éﬁ gﬁag‘eg? of F’éatn_lrfl% S?"r?ytpom&lnﬁ o?'la(,ﬂ?g}e%ﬁ%yv o "ot
vary in tjgre RienSRReRI cAlbiboth Riith réspactas tinfeaidispacd whtle BRlTicidl &gks on t hat
basis. Also, noving lights, such as those attached to vehicles, nove from

pl ace to pl acgsnerally deawt exlihiy sead fegfHEsSdered to vary, but they do not

generally vary in the . . J r i portions
of a flane often vary iqu%nlgﬁ{]gﬁéirfp%llgiﬁg‘lagégﬁ(%?f%oatsm%&‘ésgeé{h to tine
and space, Wwhidgrdab intthgitypbutliogbsler. TRyakradistingléshable fxnhiflaink byukd f eat ures.

Refl ections fromrippling material such as water may vary with regard to
intensity, buelaimad inyension oprlas basie di sti ngui shable from fl anme by the

oLt ed, ' yenton, on ek, 208 o ARl SRR SSFRTBERCET
process descr idndets lier &iemplarsg iflamandetetdorf pdosess described herein resistant to false
alarms. It is noted that the above identified false alarm sources are exemplary only;
other false alarm sources may exist, and may be distinguishable by the claimed
invention.

20 However, it is again emphasized that the flame detection process is
exemplary only. Other flame detection processes, and other processes not related to
flame detection, may be equally suitable while still adhering to the principles of the
claimed invention.

The step of determining derivatives 220 may be performed in any

25  suitable manner. Methods of determining derivatives are various and well known,
and are not described herein.

At least some of the values of the derivatives are plotted as
histograms 222.
' As is well known, histograms have multiple accumulation bands,

30 referred to herein as bins. For example, a histogram of values ranging from 0 to 1

might include bins for 0 to .2, .2 to .4, .4 t0 .6, .6 to .8, and .8 to 1. The histogram

indicates the number of values that fall into each bin.
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alarnms. It is noted that the above identified false alarmsources are
exenpl ary only; other false alarm sources nay exist, and nay be

di sti nguiwbakiogssky the clained invention. 20 However, it PCI/UBQA14809

enphasi zed that the flame detection process is exenplary only. Qher flane
detection processes, an C I ion,
may be equal ly suitabl et:hv&gllE Pg&%@l I Ieﬁmﬁ&géf%?a&%?b#??\%%%ﬁgég d%?&@%g

cl ai med i nvenhdrein, thEpeecideammbier el Woumndarids®fdes binsinay aryAdBstamtiallye per f or med
in any 25 suitable nmanner. Methods of detern ning derivatives_ are.various

and wel | knovfepending upen thegrrecisesmbadimpenthath frompgnq hasfegramyfpangther within,| yes
of the derivafi: I . is well known,

hi st ogr ans ha%glﬁgﬁleﬁb%figﬁéa}%%ﬁﬁu at?%ﬁgg%ygméﬁpgﬁgrred to herein as

bi ns. For %xanpl e, a hi Regaydlass cffthe/mimiees of hingj thg ifaidemc@of the bins$ ght i ncl ude

bins for 0 to,.2,.2 .4 t0 .6,. .0 .8 nd .8 to 1. The hj st ogram
i ndi cates t hed?fﬁfi‘?ﬂ@?& &4‘ ﬁa|%Pé%£¥?fg?mg%\<’l{“%#ﬁqu§8ﬁamwe Wﬂ%@zﬁ@g%\%%
PCT/ US02/ 14608\¢ chiints RPaleBiaiBl &ck hiihiRsth TR uRipliad bl 35Me @RASGLERhaPihC eSS

descri bed herein, the precise nunber and boundaries of the bins may vary
subst ant i al | ysundefthedncidengpoof alltenpineetls bistogtaal ismgual toladttedfvaling vieh as

hi stogramto angther, within. a single enhodi and fr.om enbodi nent .to
enbodi nent . S?'Rg&ra?eatlag'seén n{lﬂg&ﬁﬁi%géqys &gﬁyﬁgﬁ?ﬁéo?eﬁ%fl%eaﬁggt BSEEREbi ns
is deterfy neghr2atposdsbfAiRuAEH Keéln SiHd B O framis e MirflaligéE Mowdé R, it is
normal i zed, that is, the counts in all bins of each histogramare

mul tiplied byexsomdary@sbor such that the sum of the incidences of all bins
in each histogramis eq .a.f] . ) r tain

enbodi nents, this may sﬁﬁ%ﬁ t|thfg 31/&1%6%1 ?ﬁsgarrggl?tg‘?%‘é‘gﬁg?’%gﬁé&is? Ell(%s()fgtgegurred 10 for
pur poses of dingklAcd Wiluddareplbitéd 226 ddamshord M@thersn at Rasionhawtyi chaet. THiswever ,
it is exenplary only. Once the incidences are determ ned 224, at | east
some of the Isrereuaplished by gensidsriag gn dcidsaco yguagheneshin ahan ¥ ¥alusedndgi at

| east one;x-y; j I : | J d i J i-nct dence

val ue of 1os)r(le %]?{r?%gése glﬂx&vagkglg?&g%gg a})n‘ﬁl ’ ?‘ﬁ% lggﬁ%égggﬁlsglgng? o%ﬁglé'her bin as
a y value, and pl otti ngBisevhoss udltésuye plosted against oBe asotidronay bafrashar e

| ott ed agai nst one anot her be fromthe, .
P g same lﬂstogram, or ma%%/ from a d&grent ?11stogram. In a preferred embodiment,

each of the bins from a first histogram is plotted against each of the bins of a second

histogram. For example, each bin of a % histogram may be plotted against each

20 binofa dik histogram. However, this is exemplary only.

By analysis of data from actual flames, it has been determined that

o .. .. . .. dY dYy dC
derivatives of certain image properties, including but not limited to it dtR

>

dx
dC, dcC,
dx ° dt

obtained from non-flame images. More particularly, when derivatives of image

,and djxﬂ , of actual flame images tend to be different from those

25  properties of flame images are plotted against one another, the resulting points tend
to occur in different parts of the plot than points similarly generated from non-flame
images.

For example, in a particular plot, points from a flame image might
cluster in the upper right, while points from a superficially similar non-flame image

30  cluster in the lower left.
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sanme histogram or may be froma different histogram In a preferred
enbodi nent, each of the bins froma first histogramis plotted agai nst
each of twe odiogss2df a second histogram For exanpl e, eaclrChiusomidica9

hi stogram may be plotted agai nst each 20 bin of a dCR histogram However,

this is exenplary onl f data fn t h
been determm;ed %lhat g 1is\1/sd%/{e\§@§ %t?‘ ?gfetrg}cﬁs %rﬁaé%r ?a@ aafhtlé){s’aiml%ﬁg }ll,’ldl ngs
but not |'im tgeknkidy déﬁdﬂfbn et€DbetWee @R abtualifdin el G ﬂ@ldﬂphd’iomerﬁﬂdhadmay of

actual flame imges tend to be different fromthose _obtained from
non-fl ame i rraIQéQmCWYé resgmbiecaflame. yThWWaHIéfPPWsEﬁ‘ okflames gregyfiicently

properties of 1&%a‘tﬁ§ eg ﬁlgmgg {P&l% g#lﬁ edcﬁ(q?n ?H?é}e@%?noﬁ AEmEEsY! L1 ng

poi nts tend 810¢clr eren olrnts simlarly
gener at ed § r ofiig R8st | arre i mges. For exarrpl e in a part | cuI ar plot, points

froma flanme i mage m ght cluster i.n the uppe r ht Ile | ts froma
superficially sinilar nbpepregse @tﬁgggqbuglgn% P?]OEH?éC‘i @ngs. 38 WO

8(2){ 8?3\5/;5' Zt | érg§9’%ﬁfe§g% arzgéioﬂdschcascroﬁé Bt thi] ilbﬁl(ﬁlll ff}%g%@&alhéh col or,

tensity vari atl n etc fween an act ual
flame and anoérhpmcﬂltgelbgmenmmlhﬂu@ damﬁromlﬂan:mnﬂ nmyﬁameplmmbhena klismeed The
opti cal propertles of flames are suffi |ent

di f
flames may bethdl the idﬁglﬁlgﬂ%pr IR iVRRG ‘Hé’rfl e nﬁé?#t prquﬁge%t%ggl s.
The preci fg dﬁ‘maﬂ*gﬁg g\ ' Htt Slot:ﬁrcoﬁalaaﬁsso esp@ma%sfﬂsrh&(mab&leam%ndar e

conpl ex, and are co e of this application. They are obt ai ned
enpiri cal | Y, thypanrculml @ﬁthclgmhadhmeﬁt(mm lidrdware sembitingty- tolparticupiiealonena. It i s

noted that the dat trihutions rra var, S ntlaII dependi g upon
the properti e¥&f 1%’ T‘Jﬁém?q B}?eprf‘flseepos tiogiof %%‘? otfﬁal %0 NS (i . e.
presence of SpRKE of\RAGH ch&EE; bhsedaﬁb@lntﬁmtd)@dchhﬁwtars of the enbodi rrent
(i.e. hardware sensitivity to particul ar col or ranges) In addition, the

preci se p05| t i on of theHowevesf by foutiae flafa perugmrat @éa]é(SISniﬁtStIé)ﬁSlblfe telesi gn
gggh(r:nejl at o %Q?ncéﬁ?f‘?gﬂglte%ntaa esarsrtuslﬁ)gqtslqglthel_?g c‘ﬁ%&s %‘Q?/I e a cea[t gt%#’? ? 1 ne on
at |east s OrTEaIQf toldd@nt28 poitas that il’@&bo‘&f adftelove theant-6ffdine 2 Points indicative
of an actual fire will tend to fall on one side of the cut-off line; points indicative of
non-fires will tend to fall on the opposite side of the cut-off line.
Depending on the layout of the x-y plot, the cut-off line may be
20  vertical, horizontal, or angled. Although the term "line" sometimes is used to imply
a perfectly straight geometry, it.is not necessary for the cut-off line to be straight.
For some embodiments, it may be convenient for the cut-off line to be straight,
however, for other embodiments it may be more suitable for the cut-off line to be
curved. The precise structure of the line is incidental, so long as it demarcates an
25  area or areas within the x-y chart such that points plotted therein are indicative of
fire.
It is noted that, because fire is highly variable and the number of
possible non-flame sources is extremely large, the cut-off line will not necessarily be '
a perfect discriminator. Occasional points from an actual flame image may fall on
30 the non-fire side of the cut-off line, and occasional points from non-flame images
may fall on the fire side. However, in aggregate, flame points will fall on the flame

side, and non-flame points will fall on the non-flame side.
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and to count 228 points that are above and bel ow the cut-off |ine. Points
indicative of an actual fire will tend to fall on one side of the cut-off
i ne; poiwbDnziopstegati ve of non-fires will tend to fall ordrisoopmosite
side of the cut-off |ine. Dependi ng on the layout of the x-y plot, the

cut-off line may be 20 xertic hqri z term
"line" sometines is used {oPd %ﬁﬁf q%‘Wa@PI ugt?@%?%%ra&%ﬂ&iﬂg fﬁ]ﬂ?gl S not
necessary forod the fizel5idebf thleilime ah@ tHemost firdisiifatof thére is dsterrrinibd @B Ororteach i t

may be convenient for the cut-off line to be straight, however, for other

enbodi nents i%¥YPd8t- be nore suitable for the cut-off line to be curved. The

precise structure of 't bnd L b0l Rbomptieh 999 RS piinflpDAGALRS an 25

area or areas within the X-y plotted therein are
i ndi catives of thaf ploe. Tﬂdminﬂnmﬁt\@ﬁletfbﬁmffetm(:ploseis tleteemingd bingircyglly,sandaidye and
t he nunber of %osm ble non-fl ane sources . is.extrenel e cut-off

|
line will notb% @fégeél&fqu"'?ch:iélm Plotsthat excegd dhsis IFHW&FCYC Si %efléﬂEF poi nt's
froman act Ug% osith AP gRetn Ve b a &%@etﬁ%mﬁa dol it céel i fifmg ut - Of f

line, and oc S|oné nts romnon-flame images nmay fall on the fire
si de. Homeverarelcunsa@agechg@aaye flleanetrppremmtweldfaffabl on the flame side, and

fl i nt il th d 39.WO 02 3525
E(C)Z[I]'/ Usggflgg:)g SO\rllmce po‘afl {"52’33( %‘V%F EII%B @g% %%Bg%%iﬁn@ 8dexf§?§9t ratio of
poi nts fajd i ngseilé ﬁuﬁlh{a«; thé 68b & extchﬁieh DBS._ A PIBE oy Hlsearsipdsitiof, t he

line is determned 230 for each x-y plot. The ratio for each x-y plot is
conpar ed 232 ﬁmpmqwsmmﬂm'pvai No flome & deteaminstde be Presenti disrueniouslyBoted

di fferent plos |s de be different for each
plot. Plots t ?l? Wn%tmsgﬂ’%‘%%ﬁgﬁrgr ed to be positive, i.e.

representative Of an aCF&adnyfmdtﬁthatFﬂa@taslebmhe@@smé mg%edtlembﬁemym ma
are considered negative, i.e., not representative o? afire. for_ any

gi ven bl ob, nploprabipsxeseds goaiinimpm)( the sotakuaehes of n@iltrlvqmimégwqdv?éﬁrfpm na) ,
t he bl ob i(% exel udeglm23£i}l bIf no plots for any blob are positive, the
process 2 i SOV ?4ne is deternined to be present. As previously

noted, the process 200ThyiisBdrlof posiiesplsts fasesheunainingfblgbiisecompafedr any
bl ob that has at |east one positive plot (i.e. at |east one %;Bi%pl Oénsrati o
exceeds its n?38 @munimpe qoyph| TheyRBERUIB COPRLS & IYBIMIA AWML 36 for

15 each remal Hxlugtgoe%o(gﬂn/e in order for a blob to be considered representative of an actual
flame. The minimum count is determined empirically, based upon actual flame data.
20 Any blobs that do not have enough positive plots to meet the
minimum count are excluded 240 as non-flames.
Any blobs that have enough positive plots to meet the minimum
count are considered to be flames, and are indicated 242 as such.
The indication step 242 may include a variety of actions. For
25  example, audible and/or visual alarms may be triggered, fire suppression systems
may be activated, etc. Indication of a fire 242 may include essentially any activity
that might reasonably be taken in response to a fire, since at this point a fire is
considered to be actually present.
It is noted that the multiple redundancy of the process as described
30  herein is robust in terms of error trapping. A few unusual pixel pairs, or a few
unusual derivatives, or a few unusual histogram incidences, or even a few unusual x-

y plots, will not greatly skew the data overall. However, such an arrangement is
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The nunber of positive plots for each remaining blob is conpared 238 to a
m ni mum count. The m ninmum count is a m ni nrum nunber of plots which nust
be positiwe mnesler for a bl ob to be considered representratrivss2/ofcoan
actual flanme. The mnimum count is determ ned enpirically, based upon

actual flanme data, 20 An | obs that do not have enou Qsh i lots to
meet the ni rPSIRERORY> échotggcqr{?&ggn?ﬁ% ! céucﬂg%ﬁqug%@he%ﬁéﬁ@p%%cg? Hat have
enough posi tiyeeqphdy Suitablereet the mini mum count are considered to be

flames, and are indicated 242 as such. The indication step 242 may include
a variety of actions. Fobisa® rotethibatthe seriainppEthgmarametens sasaribsd By W6 nay be

triggered, fire s ressio t . . i vat ed. C i .jon of a
e 242 mmy PREPUBG cBOSUAREIRY SaNern Ry i)RaCIRnE 3, Shte fiomcdBhaRy °F
t aken in rsespRRskoding. Anfpatttoulds) it &Ry &k atidinsageousfor gertdin embsdinzatstbder ed t o
be actually present. It is noted that the nultiple redundancy of the
process as deigeludethe capabilieitevary parampgiers an pider o apgommoadateghanging ni ng. A few
unusual pi erci %Hsﬁmcé)sr a few wunusual derivatives, or a few unusual

hi st ogram i nci dences, or even a few unusual x- y plots, will not greatly
skew the data overall. Fiavwusple, tiecizeaf baubs dryersadutectea] Moy ViDy 0OhBEIRHRS

PCT/ US02/ 14609 exenplary only, and ot herp%r ange nts,..ncl B’di ng t hose

with |ess r edaraga @) othess, an‘?Jgefé:ﬁ VPG TAQUF PQBIRAITS ainé’ozglﬂéeoarﬁ tEF'Phat t he
certain ofg t h@oo‘@@fa@@ﬁa{s%éﬁ&iﬁall Jgﬁg bt Buitdbfe, iy SBLAE HiFRIGAN d¥BadinEyn be

variable in real tinme, I. e enbodinent is 5 functioning. In

particul ar, itheampuinsofatiteaHistpgons (funh asdhdsaiof thendsoigratieastdssaribed abovgdle t he

capability to.var araneters in.qrder .t o accommbpdat e changi ng, .

ci r cunst ancesfor @ﬂ@%&ﬁ&e@, AR hégq’fég%‘?atmnob% atﬂﬁz(ijteraYa&aE% gré’[ngt&elrrra vary,
. . . y y

some being | g g8a" khaRk, Fhhehe anff: SRRELhBRI RGndiMtBarbWhéh Bdkamdunf\dmy of

the analysis steps 10 above, as well as others that may be suitable, may

execut e di f f edatmtsllgrgdependi ng on the anount of data. Histograms (such as

t hose of {;e deri vati ve h%fﬁ%lﬁggr %\dpg%@%’fe)gwo];‘%h]a xgdlt el:agt.sotn?enoc%tﬁé) have a

hi gher deviation, i.e. normal ™~ shape, when
the amount of yfipfiRal fieirRétBrsivhenthé AmbliA BT Whe fort Ngivanbleblis AflativeBisndlls | ar ge.

15 Thus, it may be advant ageous to broaden at | east some of the
, and/or to tighten them when the amount of data is relatively large. For example, the
positions of the cut-off lines used in step 228 might be adjusted, or the minima for
the ratios used in step 230 might be changed, to accommodate greater variability due

20  to limited data.

However, such accommodations are exemplary only.

In addition, it is once more emphasized that the preceding detailed
process for flame detection is exemplary only. A variety of alterative or additional
steps may be equally suitable, including but not limited to those described below.

25 The coloration of blobs may be evaluated to determine a distribution
of chrominance é.ngles for the pixels making up the blobs. For example, in an
embodiment using For example, in an embodiment using YCrCb color coordinates,
wherein the color may be expressed as a simple angular value, the chrominance
angle values for the blob may be sorted by magnitude. The chrominance angle

30  values of each of the base and comparison pixels may sorted by magnitude into bins
consecutively. The chrominance angle values thus could be made to form a

histogram. This is a convenient arrangement for further analysis.
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anal ytical paraneters when the anount of data for a given blob is
relatively small, and/or to tighten them when the anmpbunt of data is

rel ati velwoloangss2s For exanpl e, the positions of the cut- eCi/usonesoused in
step 228 m ght be adjusted, or the mnima for the ratios used in step 230

m ght be changed, to ac dat at er b| |.i d ed
data. However, such accgm%rtaln "é %Sltgﬁé%ﬁ“élon méﬁ'be y(ﬁnnp a%g%tltoﬁ e%héncg
once nore € fTD;hﬁt%the d'htRetbs bhﬁloﬂfr@qﬁdﬁé}@esﬂmﬁadd&&terﬁﬁmﬁg $&1ds 230 id aee
detection is exenplary only. A variety of alterative or additional steps

may be equal | SrcBgpmapison, howeveniihgapbe adientageoystiagcartain erpbediperts fo By
bel ow. 25 The lf:e?Aa ﬁ@%bﬁﬁaggonp HHHﬁdﬂE}éuP&t%\’mﬂ e'd% ﬂeétmﬁﬁaﬁgefz&h

is8
di stribution rom hance ’an or the piIxe up e ?ﬁ obs. For

exanpl e, in al&lovﬁﬂﬁﬁdiamtsouﬁbzﬂm (fhmmmhﬂce dngleaputiersadpremntativeiofig YCr Cb
col or coordi nates, wherein th col or may be e(gressed S a sgrpl e angul ar
val ue, the chbcahaﬁa#c%ameé@gﬁe eI S9iTqeR v IFr¥RAP IBETFE 08 by

nmagni t ude. en?;baﬁ-ﬂ Gées2 %3/ ?efé:%n(‘/@élﬁ&ﬁuﬁﬁc@ﬁfgﬁb &Etritbhﬁo&axﬁfgh@ﬁfélude

conpari son p| X rted magni tude 1nto bins consecutively. The
chr oni nance amgirﬂlghadhsmbundsmsmmmahdbsbmtdw@teblttmnfmﬂamadlsmlsttmgramﬂemrs is a

conveni ent arrangenent f rther anal S.. 4 3 5 PCT/ US02/ 14609
The col or and®igit %PH?%I’?Q‘H SH? T?*}Sﬁtﬂqsﬁwgﬁﬁ?e]ﬁgorb%%%jg&%fgn WeRyhce

pat t er ns. oThejngiahve Of antlcflal FRY alpdsitide bsedatictnang f5188 Qb Bistbukish ios 230
I's one such conpari son, homever it may be advantageous for certain

enbodi nent s tindicave off ¢ flsealarme conpari sons, including but not limted to
di rect "shape" conparis to 5 al s | ar m sources om nance
angl e patterns repr esenﬁ’a‘idld%m ?IOQ%WHLSSYﬁg?ate?P’ams ﬁQTOB?rﬁFSV%sl%r% far m
sour ces woul dih3&s YRcied HbPE.CPG&Xai Ere tlﬁymgm&cymdiw pasess oftheéir r ef er ence
chrom nance angl e distributions mght inclu a sunlight dist r| bution, an

i ncandescent Mculmtgmmtry $1n¢e| Raveesdiage shapas, iPEIPOrtioNSetl dhpt aspoften very
distri but150n ﬁllgftelfélt RH‘%E rsu ecf?i{%‘%”%%ﬂu }4@1}0 gnrael ation with a fire

di stri but a positive correlation

with a false alarmdi stBld@Lgebmatrysmdie@ma@ahe step Gfdaelfmihﬁlg adlagganof alilob.
addition, blobs nmay be evaluated in ternms of properties, other than _those

descri bed aboVkis crald b@%ﬁ@ﬁmélshﬁdmbsy COHIYRAS ﬂtfemgliﬂtfa PéBIOPrPatré that cqrespad fo
parti cul ar  9eRRidiin ki, THERS JIAEHISH ARASop R0 affifea [ NAL are

often very 15 ere romo er super |C|a y sim enorrena.
threshold to see whether the area of the blob is indicative of an actual fire.

20 Similarly, blob geometry studies may include the step of determining
a perimeter of a blob. This may be accomplished by counting the number of blob
pairs that correspond to an edge of the blob in question. A variety of algorithms
may be used to determine whether a particular blob pair corresponds to an edge. For
example, it for certain applications it may be advantageous to consider blob pairs to

25  correspond to an edge if they are adjacent to at least on pixel pair that is not a blob
pair. However, it will be appreciated to those knowledgeable in the art that this is
exemplary only, and that other algorithms may be equally suitable. Regardless of
the precise method of determining the perimeter, the perimeter of the blob then
could be compared to a perimeter threshold to see whether the perimeter of the blob

30 isindicative of an actual fire.

Ratios of area to perimeter might also be determined.
Blob geometry studies might also include the step of determining a

distribution of blob segment lengths for segments of pixels or pixel pairs making up
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Bl ob geonetry studies nmay the step of determning an area of a blob. This

coul d be acconplished by counting the nunber of blob pairs that correspond

to the bWwolmisssaguesti on. The area of the blob then coul dproa/usorpsoed to an
area threshold to see whether the area of the blob is indicative of an

actual fire. 20.8i.m Larl.y, . bl ob.gegnetr t.udi es [ t step of
det er m ni ng éeggqqsnélﬁgtrlg,&pe knﬁTth?H%ﬁleéng%tg eesoggggxpnpafg{gﬁgcgﬁ. b@ﬁcounti ng
the nunmber of exaniple, tibdepehiRhgtBO6f BRI they BOscttddyahadrimddindbins
guestion. A variety of algori t%ms ma used to_determ ne whether a

be
particul ar bl ¢apepding Oéél?qﬂélﬁﬂgihdgh?éﬁnﬁﬁ‘ vadgs thyspouldhgpssddo form & or certain
applications j:. adv, USirta i {r <GOohr espond
to an edge ifhl%'tr?g}?{%?ghlg jﬁé(};en%gﬁ t8 o at BFée}gé}ﬁ fg’ﬁﬁ‘gﬁiﬁ?‘a%%ﬁ atvgllléétqﬁltl)lt a
bl ob pairs Hessppeeciated bywhose kovelpggeablean éwt drothbrhiseartangevheddeedenglary t he
art that this is exenplary only, and that o heng&%gorithns may be equal ly
sui tabl e. Reg@H awddhajother grangementsamapbe eapally sy m ni ng the perineter,
the perineter of the bl : : i eshol d
to see whether the peri?rrlgei%lrgﬁg%lt@ﬁgf%ﬁ@%nggggﬁiﬁl?%‘gigggﬁn?%ug}egﬁe%% ual
fire. Ratios diftriangenst Krpen bleb eegnming fengthl distribetiahstreprasentadive BF bithgetwakt r y
studi es m ght jal so idng.l ﬂge 1t he steé% oflddeterm ntl ng_ a . distribution of blob
segnent | engt HanesAnd ot falss larm, fourees could Servys; as Kelereies fop SUImMparisgn PULpSSesn
02/ 093525 (PCTth&EN3D L4580t 1n3th dikeBtionERAlght mclutlb @ st Bftrdutibhgansegnent s

are sorted by magnitude. For exanple, the segnent |engths of each bl ob may
be sorted by magnsesasddistbuotion, adlampegetnbintiien, encllgssion dissmlyition, be A engt h

val ues thus coul.d be used taq.form -hi.st Q Thi-s..i S convend ent

art angement (O GroRERtan sy e P el BN i ke ftidE Baf B REY 1,

those know edggabletotrblatibe withta fal3atalabhlidistabutingesEa be imdiexeopf arfalse onl y,

and that other arrangenents nmay be equally suitable. The distribution of

segnent | engtHaMimy be conpared to reference distributions. Known bl ob

segment |gngth distri b“}f)i 8@0&%&%@&8@%%&5% qhc1R8d &e%?eg%%ete%ﬂr gand of

fal se al arm sources could <Brve A3 references for conpari1son purposes. 10

The bl ob segniepitidnasfghidicetitrdid o flailoly N This rghy bé acbimgdisleedyndsigghweighted

di stribution, an incandescent distribution, a flane distrihution, a

reflection di%feFagsaforsach 'élpg pair ghat H@?iﬂ% YR/ We ity g et vihedocatipn pgthe

di stribution | el i = b td el ation

W ih & Tal oo STao e ORI e, B rAMEC U chbb R AR, heeiif it
location of the centroid of the blob is indicative of an actual fire.

20 It will be appreciated by those knowledgeable in the art that this
arrangement of particular geometrical properties and thresholds is exemplary only,
and that other arrangements of properties and other comparisons, geometrical and
otherwise, may be equally suitable.

In particular, properties and associated thresholds that involve

25  analysis over the course of an interval greater than the time period between a base
and comparison image frame and may be suitable. For example, it may be useful for
certain applications to retain area, perimeter, or centroid values for comparison with
later area, perimeter, or centroid values so as to observe long-term changes therein.
Similarly, color and intensity values as well as other suitable values may be

30  observed over time.

It is noted that the invention is described above with reference to only
a single imaging iteration. That is, as described above, a single set of at least two

first frames and a plurality of second frames is obtained and processed. The
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15 Bl ob geonetry studies also may include the step of determ ning the
| ocation of the centroid of a blob . This nay be acconplished by using
wei ght ed wavenagges for each bl ob pair that nmakes up the blrofr/tiso2/aueest i on.
The location of the centroid of the blob then may be conpared to a
t he bl ob

centroid threshold t.o see efher the locatiopn of the centrojd. of.

i s indicativeTSFUOR 1580 ﬁ%ﬁc\ﬁgﬁ E’.r POROpEs %cfalnt%eﬁggﬁ}feéﬁugﬁé’d S]tr)lgietlﬁo%leon
know edgeabl eehbodiRentis bxéigthryt diilp.  arrangenment of particul ar geonetri cal
properties and thresholds is exenplary only, and that other arrangenents
of properties and ot her Incesmtair¢nebndimenjsdivsty be advaatageousttp setaingnorekan pe
equal ly suitable. | rtjcula 0 1es | ol ds that
i nvol ve 25 an%rf%lss?f gpfg%g?ndtﬁgo%d(’)fﬁ?rgées' g‘% {Jgﬁﬁi sr??srelog va egﬁ{é%{%?pr%)%g he tinme
period betsweegsqaeliagly, astsadh eQEP@aes it deh@ed] smhthe dod thayfrbe cetipartd] e.  For

exanple, it may be useful for certain ae&lﬁi cations to retain arg(f,
perimeter, orAlemetively twe)orarore sets eblishandsssrong frames may pe acqupulaied Mt er |

col or and i nt SREPRoredefiodeeE RERIRich And S FNRRASCARTEE! il "™

observed over piocéseinglrhayi e advbmtdgéduat t he i nvention is described above with
reference to only a sipgle.inagi ngoiteration. -That 1, .as.described above,
a single set of at Ieas{“g‘t"'we”ftin?‘aé’t efard&?'f’é%ge&HﬂtoareB%‘r“gf"l“?‘iﬁlBTxeggé)Eond frames
is obtain a ! eritpvention is
SO descriggd ?%F %ﬂf%ggg,;&g}&grogﬁf@é@rQﬁgﬁﬁ%éf@e%&?ﬁggﬁgg gvi teration”
enbodi ment i scaxsngfitang Agdiy, thisndatemaypbaprontssel seqnergiallytas gagh dsbof pixels
advant ageous to retai.n nore than one set of first and second frames.

Mil tiple setsiS&M¥%fles nmay be processed 5 sequentially, as each set of
franes is generated, anghid)@ ifpéRitIOR REGBIEUIPHNEED histOh"eIfHiRd drvelhyt t WO
or nore sets of first and second frames may be accunul ated and then
processed t ogistrharitor¢dbyathdivideorsensop k2, thobesten sa identilyfilamagpadother and group

. raitor S0k bohgionse Kont |
i v duaf> pi Beronar By Stite Befe fen chrRRpESp A R IR ALk dr 0 51

the frames angrpeptdhembedientdle course of tinme. Again, this data may be
processed sequentially as each set of pixels is generat ed, Thus, it is
possi bl e to accumul at e Zhe abayggpedifieatiopyexapiplesigad dptaprovide a complete

description of the manufacture and use of the composition of the invention. Since

many embodiments of the invention can be made without departing from the spirit

20  and scope of the invention, the invention resides in the claims hereinafter appended.

44



is nmonitored by the video sensor 12, the better to identify flanmes and

ot her 15 phenonena therein. Such a feature, though exenplary only, nay be
advant agewo2/0p3525 cert ai n enbodi nents. The above speci fi ca@&drarso2/escanpl es
and data provide a conplete description of the manufacture and use of the
conposi tion O{H tfge, i nvention. Since nany enbodi nents of the invention can
be made wit hotht® O¥P4rting fromthe spirit 20 and scope of the invention,

the inventiony resigemoddrufifg aviddiBehRr tofiprishig tRofepied. 44 WO 02/ 093525
PCT/ US02/ 14609 We claim 1. Method of using a video sensor, conprising the

steps of: gener at gamgrating avideoiimagewithtshidyaded sgnsdso sensor; obtai ning at
| east two first fr s.fr sal d videqg | s aining a plurality of
second franes fron?qggfpﬁlg\ﬁ?ggéﬁtat?vﬁﬁg%%%%%ﬁ?gr‘r’%%ﬁoé}ﬁlg ?jsl y performng a

first progess usingbtsiaing of pliuglityl sfasBsmdafane fraresiddideoamags andi ng said
second franes; wherein said first process conprises flane detectionp. 2.
Met hod accordi ng tepnésraparaneousiy @eEpmming @ fisslipgogeps using saidrfEst fames a4 second

frames are excl usjve . t i irst franmes are obtained froma
first porti on>6P" s%rloﬁes\%i“g‘gétslgrah?eg%o?‘d%rl egs’ai d second franes are obtained

froma second portwh&efsafifi€t prockse compses flaherdetastismi d first portion is
unsui tabl e for obtaining said second franes therefrom and said second
portion is unsuitable for obtaining said first frames 15 therefrom 3.

Met hod accordpng tRietHodiageotdinghe ERim 1, #Bédin: mage conprises a plurality of
consecutive image franes, said first frames conprising at Ie;tﬂsg‘ie two of

sai d i magh franes, saithfirss fraes ardoyaid secapd Famensrs cxalusiye.surle thal s Arsht sai d

i mge franes. 4 i | &i: 1. I RcaSal i frames
are obtained %glgﬁs %fF%{ﬁ {eapl %ﬁtﬁ%ngggétggfth%noggglg hmla#os}ig?gé’?gggﬁlg% rnfgrgsa?.ieSS.

Met hod accor dare@btatned! fosnina $econti @ostion: of sailddriddorigtagé,r anes and sai d second

franmes are non-excl usive, such that.said @%5 first .franes are_obtained from
a first portion of Wheketh spidfarst porigRis unswitable for obiayypge said second frames

therefrom, and said second portion is unsuitable for obtaining said first frames

15  therefrom.

3. Method according to claim 2, wherein:
said image comprises a plurality of consecutive image frames, said first
frames comprising at least two of said image frames, and said second frames’

comprising a remainder of said image frames.

20 4. Method according to claim 1, wherein:
said first frames are obtained with different image settings than said second

frames.

5. Method according to claim 1, wherein:
said first frames and said second frames are non-exclusive, such that said
25  first frames are obtained from a first portion of said video image, and said second
frames are obtained from a second portion of said video image,
wherein said first portion is suitable for obtaining said second frames
therefrom, and said second portion is suitable for obtaining said first frames

therefrom.
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franmes are obtained froma second portion of said video i mage, wherein said
first portion is suitable for obtaining said second frames therefrom and
sai d secowo jpo93isedn is suitable for obtaining said first PCanss2/146her ef r om
45 WO 02/ 093525 PCT/ US02/ 14609 6. Method according to claimb5, wherein:
said image conprises. a.plurality of consecutive image franmes, said first
frames conpri%ing Fthpgggqorgingitggl@mbg,r\y YH"f at least two of said image

frames, and sai d GeRCRMbebAPRSesGYNAliS dT@oAdechiPRSinage FRERBGaROfsE on of
said imge franes. 5 7. ect hgg accordifrslllg to claim 6,a%Wherei n: said i mge

frames have afaressapenpaisingit deastomfiest pestipa of atrleast fwapkessidhimagedraniesyad dynani ¢

range conprising at ast a first rtion J-d i . range, and
sai d second fﬁaéfgif O‘P{Jaéﬁmﬁs %@&%ﬁ&%@ﬁ%ﬁ %Sefgé%éﬁtlg%??ag?ﬁgx%t ng%lsét a second
portion of said image dynam c range. 10 8. Method according to claim6,
wherein: said first fragmes conprise an entirety of at |least two of said

i mage frares,’ anMﬁ’i"a aS%@‘HgR? F%Wég ‘gﬁ‘?fﬁlpi’se an entirety of said inage
frames. 9. Method @gemhfbeThnted halSdlindage \Wppdic Rangeasd Vit G@nicsBge £onpri ses
frames, and said at least two first franes 15 conprise consecutive inage

frames. 10. Mashdyhamie tange agmpuisiog af laast a figh @peion: of saidiimage dewmigEyi&ci s a

color image. 11. t hod, accor.di n 0. Gglaim.: ok I | d
second fr aneslhsaniasrit Framaived shipd ShifdandBERH g F1fs 4 bnd”
wher ei n:  sai dpsia6Rbfsad MERedyadfktes@s di spl aying a hunan-vi ewabl e out put.

13. Method according to claim1l, wherein: said second process conprises
security nonitoring. 14. Method according to claiml1, wherein: 25 said

second prpeess CoMpikpAsichddfukits caRa 6] WAkkRn. 46 WO 02/ 093525
PCT/ US02/ 14609 15. Method according to claim 1, wherein; .
said first frames comprise an entirety of at least two of said image frames,

and said second frames comprise an entirety of said image frames.

9. Method according to claim 1, wherein:

said video image comprises frames, and said at least two first frames

15  comprise consecutive image frames.

10.  Method according to claim 1, wherein:

said video image is a color image.

11.  Method according to claim 10, wherein:

said first and second frames are color frames.

20 12.  Method according to claim 1, wherein:

said second process comprises displaying a human-viewable output.

13.  Method according to claim 1, wherein:

said second process comprises security monitoring.

14.  Method according to claim 1, wherein:

25 said second process comprises traffic observation.
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sai d second process conprises snoke detection. 16. Method according to
claim1, wherein: said at least two first frames conprise a base frane and
a conpariwomfopme®; 5 and said first process conprises tPETAISOPS4609 :
identifying a plurality of base pixels in said base frame, and a plurality

of conparisoyn pixgls i.n said co frame, wherein for each base frane
pi xel there i% aX@ﬁ%Pf‘éF?G\}AIE%? Wblﬁ ﬁﬂelgonparl son frame pixel, each said
base frane pixel agaﬁ*@oﬁllbrgc@s@%ﬁw@ng@gquma{ﬂ son frame pi xel forni ng a
pair, such that said plu ities of base and conparison inage pixels

conprise a plurality of pairs. 17. Method according to claim 16, wherein

said first per?eSSMH%HQ@éor&iﬁgl?chlﬁﬁm Wh&eit eps of : determining a first
property of at |east sone of Said pairs; 15 cat egorl zing said pairs as blob

pairs if sai d fi r stmidatdgest two fsbframes ¢amprise ataseEawE dnd ARAMpAEORITaNRy sai d
bl ob pai rz at | east one blob. 18. Method according to claim1,
wher ei n: sai least two first frames conprise a base frame and a-

conmpari son frane; sagPfiRbprosess domptisds the Siewssr; conpri ses the steps of:
identifying a plurali ti%/, of base pixels in said base frame, apnd a plurality

of conparison pi xidenti mgsaaﬂ@rabtyrqféaas%wﬁelﬁ imsred bagedramen apda PREAIHY BEse frame
e e SRR bicels i SO RRRARA dathes QABAN] B9 Badtl B Rl Biel AREC, 521 &

sal correspondl ng  conparl SOI’] ranme pi mng a

pair, such thgta sF@tialllyRJobt’eqiohﬂing&ompﬁnhﬁ\mpixeloazpﬁrslaﬁidfase|ﬁrag1epmxokehd:
corrprlse a plurality of pairs. 19 NEthod gfcordln to cl ai mqll
said firsk0 pr%@eﬁmﬁwc%@?ﬁﬁ?lﬁ ame pixel fgraing 3pair, suehthat s 61“5? 1lef‘st

ty of PCT/ US02/ 14609
Cat egor | zi ng. SSFElq SRRty BRI PRI ekl IR P ) oets a first

t hreshol d; assenbling said blob pairs into at | east one bl ob; and

I ndi cating sai,ﬁ at Meﬁ%ﬁtacc?&ging lt(? glaﬂﬁ 18, WhdrEin said first process further comprises

the steps of:
determining a first property of at least some of said pairs;
15 categorizing said pairs as blob pairs if said first property meets a first
threshold; and

assembling said blob pairs into at least one blob.

18.  Method according to claim 1, wherein:
said at least two first frames comprise a base frame and a comparison frame;
20 and
said first process comprises the steps of:
identifying a plurality of base pixels in said base frame, and a plurality of
comparison pixels in said comparison frame, wherein for each base frame pixel there
is a spatially corresponding comparison frame pixel, each said base frame pixel and
25  said corresponding comparison frame pixel forming a pair, such that said pluralities

of base and comparison image pixels comprise a plurality of pairs.

19.  Method according to claim 18, wherein said first process further comprises

the steps of:

determining a first property of at least some of said pairs;
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5 20. Method according to claim19, wherein: said first property is
intensity, and said first threshold is a mnimumintensity threshold. 21.
Met hod acworodiopgs2s o cl ai m 19, wherein said first process framiusee/1409pri ses
the steps of: 10 determ ning a second property of said blob pairs; and

| udi id blob pai.rs f id blob. if [ f id
bl ob pai'r s does nteEereseaaina: PP Bl eSS HERRTARARE A g 0 cl ai m

19, wherein s@tedhbldl st process further conprises the steps of: 15
determ ning a second property of said blob Fairs; and excludi ng said bl ob
as a non-fire if s@ﬁ@n@ﬁt&ﬁ%&@pbpwﬁwwt@é eneles 49di rs  does not neet a

second t hreshol d. iiﬁgfé’%&ég%?@%tﬁgﬁ???@gbE‘Qa?‘@i m 21, wherein: said video

imge is a color and second franes are col or frames;
and said second property is color, and said second threshold is a color

range. 24 ho cording to claim23, wherein: said color is nmeasured
in YCRCB é%oorl\%?'na?%@&ogﬁacoggﬁnéq%g{ag? qlr)’aal&eéelfl's defined in YCRCB
coordinates. 25 25saidvRishpdpaty BiflicAgty, andsaid fits? fhresMoRl ®iafmn@haimfintesdity
process further conprises the steps of: determning a third property of

sai d bl ob paithsesholdg WO 02/ 093525 PCT/ US02/ 14609 excl uding said blob as a
non-fire if said third property of said blob pairs does not neet a third
threshol d. 26. Method according to claim25, wherein: determning said
third propert3l.conMethodacensdingrio plaing 18.evhereinisgiddirsf process furdics peraprises
intensity and cogor petmeen sai d base pixels and said conparison pixels in
sai d bl ob paitihg.segs/(.) "Met hod according to claim26, wherein: determning

said thirgd propertgetdritihifiga seomaIprRsty oflsaiiblobopai’ shdderi vatives as at
| east one hi stogram and an_incidence in . . .
excluding said blob pairs from said blob if said second property of said blob

pairs does not meet a second threshold.

22.  Method according to claim 19, wherein said first process further comprises
the steps of:
15 determining a second property of said blob pairs; and
excluding said blob as a non-fire if said second property of said blob pairs

does not meet a second threshold.

23.  Method according to claim 21, wherein:
said video image is a color image;
20 said first and second frames are color frames; and

said second property is color, and said second threshold is a color range.

24.  Method according to claim 23, wherein:
said color is measured in YCrCp coordinates, and said color range is defined

in YCRCp coordinates.

25 25.  Method according to claim 21, wherein said first process further comprises
the steps of:
determining a third property of said blob pairs;
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10 at least two bands in said at |east one histogram 28. Method according
to claim 27, wherein: determning said third property further conpri ses:

pl otti ng wi t2ngisdence from at | east one of said at | east traa/Usapd&09 agai nst
an incidence of at |east another of said at | east two bands as at |east one

x-y 15 plot. 29. Method accarding to_.claim wherein. . ri ni,ng said
third property fur?xﬁh{a‘%ﬁ?ﬁfﬁgggs. g&%‘?'@ﬁﬁﬁ?‘ﬂsﬁg‘iP’é’tpfngyﬁsaé&iﬁ[? s g &poi nts
on a first siglgnfet fufiddtthRkhold! i Nne on said at |east one x-y plot to a

nunber of points not on said first side of said 20 cut-off line; and said

third property conprises said ratio fromsaid at |east one x-y plot. 30.

Met hod accord%]djlg U QlefHod Bl zding W0'81akh R5, wRdtig: second property is color; 25
said second threshold is a color range; said color is neasured in YCRCB

coordi nates; sai d daéroniningsgd thisd prepenteebmpriseCreBmeivdtedienaad¥es odnd dY dY
dCR dCR d d sai d .derivatives conprise d dx t,.:dX and |,
wher ei n PEE48 %e@/aﬁéﬁﬁﬁi%g n W& Pase Pixls ?n\flaﬁl‘\g%o%?gl}sﬁ? ensity

W th respect fiQeltii®id Blob pdi¥s.i s a derivative of intensity with respect to
position; dxX dCe is a derivative of red chrom nance with respect to tine;
dt dC Ris a derivative of red chrom nance with respect to position; dx 5

dCe is a deriyativReplodRbiRdnBiOBlaian6swNérki: respect to tine; dC
determining said third property further comprises:
plotting said derivatives as at least one histogram and an incidence in

10  at least two bands in said at least one histogram.

28.  Method according to claim 27, wherein:
determining said third property further comprises:
plotting an incidence from at least one of said at least two bands
against an incidence of at least another of said at least two bands as at least one x-y

15 plot.

29.  Method according to claim 28, wherein:
determining said third property further comprises:
determining a ratio of a number of points on a first side of a cut-off
line on said at least one x-y plot to a number of points not on said first side of said
20  cut-off line; and
said third property comprises said ratio from said at least one x-y

plot.

30.  Method according to claim 25, wherein:
said second property is color;
25 said second threshold is a color range;
said color is measured in YCRrCpg coordinates;

said color range is defined in YCrCp coordinates; and

said derivatives comprise i):, i):, dCy , dCy , dCy , and ac, , wherein
dt  dx  dt dx dt dx
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e is a derivative of blue chrom nance wth respect to position. dr 31.
Met hod according to claim 25, wherein said first process further conprises
t he stepswofoz@detses mi ning a fourth property of said bl ob pacmaysoamdgod O
excluding said blob as a non-fire if said fourth property of said blob
pairs does not neet a fourth threshold. 32. Method according to claim 31,

wherein: said fourth prdﬁe Sfﬁy‘%??‘q'gfﬁ‘ffﬁqﬁéﬁﬁiwﬁrﬁﬁe&tﬂgﬁg?r of instances of

nmeeting said fourth thrgs sal res is a nmninmm
count value. 15 33. Method of using a color video sensor, conprising the

steps of: adjusting sadd &9 'vXﬂi&e&iﬁt%Hﬁgwftl?résP%&Itﬁ g@%;set tings;

obtaining at least two el or tTirst franes om sa eo sensor at said
first inmage settings; adjusting said video sensor to second i mage

settings; 20 obtaining dCpl uraadJﬁR/Xté\%‘;ofgrg%@éroﬁﬁ&a%@gvfiﬁlqgﬁ)%g{t??ﬂesai d video

. S .
sensor at second inage gﬁt{lngs, n npor aneousl'y orm’ng a first
process using said first franes and a second process using said second

f ; Wher ei 25 sai dCat . | t & LESt IF > '  f
and 5. Conpar | son {1 ams: g0V oSrOUGZ8s BleREEF 1IBTRR-E GoPERE, | 700 oce

conprises flanme detection, and conprises the steps of: identifying a
plurality of base pixel d0;n. sajd. base

ra and a urality..of conparison
pi xel s in%aid conpari sop, T SARETIVARG: ibﬁuefngyo@g’@ﬂceo‘gghrespf?atr%tlfﬂekel t here
is a spatially correspondi ng conmparison franme pixel, each said base 5 frame
pi xel and sai d correspogddi,ng conparison. frame pixel formng a paj.r, such
that said pluralities Udffbbfééieélﬁﬂtl‘@oquﬂﬁ“? @BWHF%&@%WB&%%&&%HB#‘% a
plurality of pairs; detérmning an intensity of at |east sone of said
pairs; categorizing said pairs as blob pairs if said intensity neets a

mi ni num i ntengjty di Dh&GinRaROLS prBkess RutheP bORpRRST S i N
YCRCB coordi n%it'es ; m@?@%ﬁ%ﬂﬁﬁ‘%g‘égﬁhﬁ?% as zlal ﬁon-]?{g e ?Sf sal d coFor Sdoes
not fall wi ththe s&ps of:
determining a fourth property of said blob pairs; and
10 excluding said blob as a non-fire if said fourth property of said blob pairs

does not meet a fourth threshold.

32.  Method according to claim 31, wherein:
said fourth property comprises a count of a number of instances of meeting

said fourth threshold, and said fourth threshold is a minimum count value.

15 33. Method of using a color video sensor, comprising the steps of:
adjusting said color video sensor to first image settings;
obtaining at least two color first frames from said video sensor at said first
image settings;
adjusting said video sensor to second image settings;
20 obtaining a plurality of color second frames from said video sensor at second
image settings; and
contemporaneously performing a first process using said first frames and a
second process using said second frames;
wherein

25 said at least two first images comprise a base frame and a comparison frame;
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color range in YCRCB coordi nates; determ ning derivatives of differences
bet ween sai d base pixels and said conparison pixels in said blob pairs,
sai d deriwatiwess2gonprising dY , dY , dt dx 15 dCR dCR @CB/@og14® wher ei n
, dx , dt herein dY is a derivative of intensity with respect to tine; dt

dis a derivative of . Lntensity with respect to posjition; CRisca
derivative of red Wh?ﬁt RGeS Wﬁ‘s?se@ﬁ‘get elgc 1°P1?P&°°“H%‘fs&i§q’ﬁ5{385 gf:
derivative of red chronjqeaiGme liralisesake pikels X sA8 bRRSk4rh®RAnddC B is a
derivative of blue chrom nance with respect to tinme; dt dCRis a

derivative ofplbrality efeommianiserceixelstithsaié spraparisen frage, pbsiein o cagh kse i ng each
of said derivatives jnto .a_histagra di vidi of. ' | 5t ans
into a plural .r?rg}e B\‘xel){ﬁﬁlée; 15 aﬁﬁﬁkﬂ@géﬁ%ﬂég‘}‘g%@’ %%ﬁ%%%@xggé%g%@n@% a
nurmber of sgler fryat pi@BaridsaRBédiregporiding casjarisOaBt phal brmnds paif)lsath ihay a
plurality points on each of a urality. of x-y plots, using an _incidence,
of one of sai #ibplyzlitiesnf base and ceyapaispn ¥PegsRikels semprsea Riyfaliyy efRpitan 5
i nci dence of anot her of I d..bi . ] ' ' ns as a y-val ue
to plot each point t he?ezgjﬁﬂnlgggﬁé%%ﬁ 3?’@25@?3%98%?@%%% erm ning a plot
rati o of points plottedcawporizing said pairs as blob pairs if said intensity meets a
- minimum intensity threshold;
10 determining a color of said blob pairs in YCrCp coordinates;
excluding said blob as a non-fire if said color does not fall within a
color range in YCRrCp coordinates;

determining derivatives of differences between said base pixels and

said comparison pixels in said blob pairs, said derivatives comprising cji_)t/ , Eld_x)—/ ,
d d :
15 Ce , dCy , ) , and Co , wherein
dt de =~ dt

dy . I . o .
o is a derivative of intensity with respect to time;
t

dy . N . : : ..
o is a derivative of intensity with respect to position;

R

is a derivative of red chrominance with respect to time;

R

is a derivative of red chrominance with respect to

20  position;

B
dt

is a derivative of blue chrominance with respect to time;

B

is a derivative of blue chrominance with respect to

position.
plotting each of said derivatives into a histogram;

25 dividing each of said histograms into a plurality of bins;
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a first side of a cut-off to points not on said first side of said cut-off;
if said ratio does not exceed a plot threshold, identifying said plot as
10 negatiwe,0cam#25f said plot ratio does exceed a pl ot threThisoz14609
identifying said plot as positive; counting a nunber of positive plots;

excluding said at |east, gne.blob as.a nop-fire i.f a,n r of posit.ive

pl ots does not exceed adq??rfnémf’ﬁPé’é’ﬁ‘(yf’ﬁ?f)%ﬁ’aati‘éesi"ﬁa?céla‘#ligggfa ta?f”(}"%éﬁ s‘{“gast one
blob as a firgpif a nunber of positive plots exceeds a fire threshold. 34.
Met hod of adjusting a video sensor, conprising the steps of: adjusting
said video sensor to fipletingmegerabptnointyen cashtafianlwglian ofixey plots, WHNE AR st
frames fromsaid vid sepsor,at said fitd st [ -+ .adj usting
sai d video sef§ Fncteooef0§’888ﬁif"ﬁ5 Rﬁ’égogé??ﬁ onfg’gsgl;d Héﬁggr %‘B‘tsélg rafﬁ %@Jag‘[%%gragll ity of
second fr aesintidenBecTiadothbtesaiEtiadfromtons o€ 84id histaprgas a€4 Yivale.to gt  Met hod
according to claim34, wherein: 25 said steps are perforned such that a
first processcagh@omat §¥eedd process may be perforned contenporaneously with

said first and said sec [ FES x- Hipﬁi;gca%l j ] Qi ,
wherei n: adjusting sai d{%\g?a go selzisxo?g{o(t)g\’/ggt% I st ?{rr%gg%ggﬁ;{n?s%g% on

obt ai ni ng sai glfiat sideasi cuttoftd poists nbr amnesd fissnsidedf sed cutepfEai d vi deo sensor
to said second i mage settings.takes 30 substantiall]y.ihe.sane.t{ine as
obtaining two of said sk&¥fdalq dass ot gseefs pis} g‘@@%ﬂ@ p‘%‘f?‘fyglgﬁai l9bas 37,

Met hod acgpr djags; | Rd%ot 406 6 Ex A db1bi thidshb TSNS e SALSHIET &

sui tabl e ];Uc))r dﬁggtrlr%é)laﬁrrbag:s%i% gtneﬁﬂsalgcf sgcon I mge s’ettrilfltgsﬁglasrgﬁpsui tabl e
for a purposepasither than fl ane-i maging. 38. Method of adjusting a video
sensor, conprising the steps of. .5 justing said video sensor to first

i mage settings; obtai ni?flj‘ngn%égém*’?ra‘?@(’?ﬁ%ﬁpg’é?’d vi deo sensor at said first

i mge settings; adj ustéﬁmﬁzg shivhdeft SRS6b a$ @ nSRESNH al IRARr SLHISIRES;
obtai ning at | east one second franme from said video sensor at second i nage
settings; plots does not exceed a fire threshold; and

15 indicating said at least one blob as a fire if a number of positive plots

exceeds a fire threshold.

34.  Method of adjusting a video sensor, comprising the steps of:
adjusting said video sensor to first image settings;
obtaining at least two first frames from said video sensor at said first image
20  settings;
adjusting said video sensor to second image settings; and
obtaining a plurality of second frames from said video sensor at second

image settings.

35.  Method according to claim 34, wherein:
25 said steps are performed such that a first process and a second process may

be performed contemporaneously with said first and said second frames.

36.  Method according to claim 35, wherein:
adjusting said video sensor to said first image settings, obtaining said at least
two first frames, and adjusting said video sensor to said second image settings takes

30  substantially the same time as obtaining two of said second frames.
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10 adjusting said video sensor to first inmage settings; obtaining a

conparison frane fromsaid video sensor at said first inmage settings;
adj ust i ngweanR@9isesleo sensor to second i mage settings; andPeltEINI4s09 at
| east one additional second frame fromsaid video sensor at 15 second

i mage setting 3 t.hod accordin o £laim38, wherein: said steps are
performed such''t hzweg’%fiiaf%‘)(r 18 g%gfglsrgg%’dwgerglgbond process may be perforned
cont enpor aneousl y id firss Bhabefstitings arduialé fordhardnfagigpand 4l sdybidod
according to claim39, wherein: 20 adjusting said video sensor to said
first image siEtagesetingode snifablfos aipyrmese ather thanflamgrimagimgust i ng sai d vi deo
sensor to said second inmage settings takes substantially the sane tine as

obt ai ni ng one of said second franes. 41. Method according to claim 39,

wher ei n: adj ud8.i ngMsttiod of idjustingsheideo semseraremprising thestaps ofet t i ngs,

obtaining said 25 cpnparisqn.fra n j ust.i aid video sensor to said
second i nage setti%‘g@emggélgs‘miseﬁbsgﬁséjﬁﬁgngh%%ese{s?%ﬁ% time as obtaining one

of said second fras@sinirg2 bad®Ramalfiosn §0d vides kaisot mgaidlirst dlage settings;
cont enpor aneous i mage processes, conprising: a video sensor adapted to
generate a vi deo i#Hgding said Wigorensey s5sesomimageaotings09 a frame grabber in

communi cati on wi t oighiheth 458 RN AAAPRGH b AR L&AR irhtl 11 7ot

frames and a plura secon rames fromsalid video sensor; a
processor in ssoagdni cation with said frame grabber, adapted to

cont enpor gheousl y erf,orméia first procegss.using said first frames and a
second 5lbrocess HHPTHFSSALYILROSERY! {4 HPEUNAEGTHIIDES)| east one out put

mechani smin COm&tﬁgﬂ;gﬁbo‘ﬁiﬁahs&?ﬁ%@mﬁﬁs%%){ddeo aqant fdaludiSsRREAt € a

first output from sal st "‘process, and a second output from Said second
process; wherstimgsai d processor is adapted to perform flane detection as

said first 10 procgss. 43., Apparatus according to claima42, further
conprising: an adj ¥H¥stHg spid ﬁ%%isg?ﬁ“lrg? Se&&?‘ijg’ﬁg%g?eﬁlﬁﬁﬁémgqetti ngs of said
video sensor; obtaining at least one additional second frame from said video sensor at

15  second image settings.

39.  Method according to claim 38, wherein:
said steps are performed such that a first process and a second process may

be performed contemporaneously with said first and said second frames.

40.  Method according to claim 39, wherein:
20 adjusting said video sensor to said first image settings, obtaining said base
frame, and adjusting said video sensor to said second image settings takes

substantially the same time as obtaining one of said second frames.

41.  Method according to claim 39, wherein:
adjusting said video sensor to said first image settings, obtaining said
25  comparison frame, and adjusting said video sensor to said second image settings

takes substantially the same time as obtaining one of said second frames.

42.  Apparatus for performing multiple contemporaneous image processes,
comprising:
a video sensor adapted to generate a video image;
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and a control mechani smin communication wi th said adjusting nechani sm and
15 said processor, adapted to enable said processor to control said
adj ust i ngworeobsses sm  44. - Appar atus accordi ng to cl ai m 4PCTiser/eion? sai d
frame grabber is adapted to obtain said first frames and said second

frames exclusively, .such at. said first franes, are obtained fr first
portion of 20 saiHfgNa&H ﬁ%‘&é’?mélﬁﬂncsaif’?j WétZ‘CSBWdVIfi?oasf?ggora?(gapggttgPnlﬁt:aal froma
second porti of 18kt &R Brst Fhud8PardBSIGralin 6l bdhdSfRdrlesf fiérfi lsaidA/iddotRndos;

unsui tabl e for obtaining said second franes  therefrom and said second
portion is unsuitabprocésser intsominminigation withfspidsframe grabher, adppfeditpom 25 45.
Appar atus according to cl.aim42 rein. I i | pted to
generate sai oW e&‘é‘%”ﬂ?ﬁﬁgygﬁrc%"? %\gl?s(% gdlc Ssvllﬁ"ghleggsa}/(il %ggglgg%}ﬁ 2{siescgla(@;]{fipl urality
of consecuy i vgrobd¥BaSing k@idBEcond Fehn®d] £hdf r ane grabber is adapted to obtain

said first and second franmes such that A said fjrst franes conprise at |east
two of said i mage Freathene APy AeFhamisms iy cqmpmypicatiawith s PEG§ES%% r enai nder
of said image / . 0 Vi) t

according to %(faé%%ig?&éﬂg?ef? %:Og@?ﬁg Flrpsg;rlgeﬂg? lg%éegr@’ alﬁlg aa%z?uoot e@ﬂ?lgtﬂébg?ai n
said first frsikscandlpwaesd; second franes non-exclusively, such that said
first frames are obtained froma first portiagn f said video i e, and
sai d second framaswa?rélncf’@{dd?rﬁ%fdsqrrlﬁ)ﬂ‘fa&te@éeB o ?‘?ISﬁe@FUOISaSsS&f‘gg'gf deo

i mage, V\/ﬂﬁj'ei os@kd first portion is suitable for obtaining said second
frames therefrom and said second portion is suitable for obtaining said
first frames therefrom 47. Apparatus according to claim42, wherein: 10
said video sepsor | 0 0e i j L/mge such that said

vi deo i nage %%rrpr%é%%g%%‘%&f%?%?)yagiwsé%r@%tclg{?gﬁﬁ%ge frames; said frame
gr abber i s adapt edar aljedtingintechanisin ffor &ljusting irasgessettings loéisaid aiddofsensst; franes
conprise at least a first portion of at least two of said inmage frames; and
said frane gr%ﬂSlber is adapted to obtain said second franes such that said

a control mechanism in communication with said adjusting mechanism and

15  said processor, adapted to enable said processor to control said adjusting

mechanism.

44,  Apparatus according to claim 42, wherein:
said frame grabber is adapted to obtain said first frames and said second
frames exclusively, such that said first frames are obtained from a first portion of
20 said video image, and said second frames are obtained from a second portion of said
video image,
wherein said first portion is unsuitable for obtaining said second frames
therefrom, and said second portion is unsuitable for obtaining said first frames

therefrom.

25 45.  Apparatus according to claim 42, wherein:
said video sensor is adapted to generate said video image such that said video
image comprises a plurality of consecutive image frames; and
said frame grabber is adapted to obtain said first and second frames such that
said first frames comprise at least two of said image frames and said second frames

30 comprising a remainder of said image frames.
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15 second franes obtained by said frane grabber conprise at |east a second
portion of said inmage franmes. 48. Apparatus according to claimA47,

wher ei n: waiod/ovisdgo sensor i s adapted to generate said i nmega/dsoamssd wi th an
i mage dynam c range and an inmage dynam c resolution; 20 said franme grabber
is adapted to obtajn said first frames with a first dynamc range

conpri si ng at40- eashPRar3iths agconiing o sy 4% ¥h§reege dynani c range; and said
frame grabber is %Qﬁpﬁﬁﬂegﬁbeaii@h&p%@t@loﬁaﬁ@mdhfs@mewaﬁ@sadm@md ,
dynani c range conprising at |east a second portion of said inage dynam c
range. 49. Appaesatonsexabisivelyi, surhttbatshisl firstffamesrase ebtained frogmp Arst par®ngr abber

comr 1 Se. an CHORRSEgrmaar ndaed seuRdTandi e phdfke PBhn o portARFY, e

grabber i3 adapf@ded Angpenerate said second frames such that said second
franmes conprise an entirety of said i magi{e frames.. 55 WD 02/093525
PCT/ US02/ 14609 50vhespinseidifirst pastien igiskijatle far|oktaning saidseqod dramesi d vi deo

sensor is adapted to ner at i g vi 'réqgg that i j deo i nmge
conprises fra @?‘O‘éﬂn&‘g“g%‘?%&#%‘m"g‘P é%%%?tail)ls ad%bgéigglgtsgﬁio%rtgg?%négai d at | east
two first framesfiopch that said at least two first franmes conprise
consecutive inmage 5 franes. 51. Apparatus according to claim42, wherein:
said video sensor is adapted to generate said video image such that said
video inmage £onprAgsaths acvesdingfocclsiad 40, Wharen:gr abber is adapted to obtain
said at least two first frames such that said at |east two first. frames

conpri se Won- consewigd video sensorip adaptedivegsnerste saidipdgodmage suehathat 3! Yidee| ai m
42, wherein: sai i <o) Vi sor adapted to generate
lmqggrﬁég{%gs%ﬁ%%Fprggp)a(}%tfgn%glé@{e [ r?gg?rgﬁl % ‘aim 52, wherein: 15 said

a color video
frame grabber is agapfrade gtabbbiiaadapted 1 dbidis baid ficst Simaen dudh thaesmidSrst ol or
frames. 54. par at us accord%g&ato cl.aim42, mherein;,said]proces or is

adapt ed to di Spnescomprisaahleast aieh ROTHRR Pfiat legst ey of saiddpigge frames; an

said frame grabber is adapted to obtain said second frames such that said

15  second frames obtained by said frame grabber comprise at least a second portion of

said image frames.

48.  Apparatus according to claim 47, wherein:
said video sensor is adapted to generate said image frames with an image

dynamic range and an image dynamic resolution;
20 said frame grabber is adapted to obtain said first frames with a first dynamic
range comprising at least a first portion of said image dynamic range; and
said frame grabber is adapted to obtain said second frames with a second

dynamic range comprising at least a second portion of said image dynamic range.

49.  Apparatus according to claim 47, wherein:
25 said frame grabber is adapted to generate said first frames such that said first
frames comprise an entirety of at least two of said image frames; and
said frame grabber is adapted to generate said second frames such that said

second frames comprise an entirety of said image frames.
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process. 20 55. Apparatus according to claim42, wherein: said processor is
adapted to performsecurity nonitoring as said second process. 56.

Appar at uswaaeeeskefhig to cl aim 42, wherein: said processor iPETAAPI®dt O
performtraffic observation as said second 25 process. 57. Apparatus
according to glaim42, whereip: said processor is adapted to perform snoke
det ection as Yhi d SBRBHYS pregrERgto °1§8P%“§‘§f%3525 PCT/ US02/ 14609 58.

Appar at us accor di ngid Mded &nddras ad AT BigBheraR! sdidalidéFimddge sbh thht sald ¥idadres
conprise a base frane and a conparison frame; and at |east one of said

vi deo sensor ,imsge domprises fypmaishand, sahiansegrabberds adapiad toobtain said pt leeptt o
identify a plurality of b ixels in sai.d bhase franme and rality of
conpari son pig\{v&aérsﬁ %arg%ﬁ W@M%ﬁl&gﬁaﬁt FRRETS] {rapies CORpriSe s Ciufrﬁg? "ﬁ% Scess,

wherein for gapk base frane pixel there is a spatially corresponding
conparison franme pixel, each said base frane pixel and said corresponding
conparison frane pixel formng a pair, such that said pluralities of base

and conpari sogy i Mage,Rhaieh&orBAPId QEnfel QHekdin:al ity of pairs. 59. Apparatus
according to claim42, wherein Said processor is adapted to performthe

fol l owing as part sad videelsdnsersis a ogeneratesseid vifleyinzageisneh thet sopbyidgo of  at
| east sone of. said pai.rs;. categorizin aid pai b Krs L said
first propert'§}’a|$'8§? pasq’siffaélfes’ ﬁaﬁﬂ&rﬁ% &!’g%rﬁga&aa éeglsr'rtﬁlollbﬁagn gag{iatslglfl%b pairs

into at | eastiwdBrsPirlies subh thah\PRAablelit tw6 Giestdiafts complisd Mordlonsedigivei n: sai d
at least two first frames conprise a base frane and a conparison frane;

and 20 atlQ easnagef@mss. sai d vi deo sensor, said frane grabber, and said
processor is adapted to identify a plurality of base pixels in said base
frame and a plurality of conparison pixels in said conparison frane as
part of said 33.r st Appasatus accopding to ¢laifid2, véesdinbase frane pixel there is a

spatially corr esDosf‘a‘fI VS SRS 1 %%Qlofr VRITS sBisbF Ldapted to generate a color video

image.

53.  Apparatus according to claim 52, wherein:
15 said frame grabber is adapted to obtain said first and second frames as color

frames.

54. Apparatus according to claim 42, wherein:

said processor is adapted to display a human-viewable output as said second

process.

20  55. Apparatus according to claim 42, wherein:
said processor is adapted to perform security monitoring as said second

process.

56. Apparatus according to claim 42, wherein:
said processor is adapted to perform traffic observation as said second

25  process.

57.  Apparatus according to claim 42, wherein:

said processor is adapted to perform smoke detection as said second process.
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each said base frane pixel and said correspondi ng conparison franme pixel

formng a 25 pair, such that said pluralities of base and conpari son i nmage
pi xel s cowprozsessas plurality of pairs. 61. Apparatus accordirnggor/os6ed ai m 60,
wherein said processor is adapted to performthe follow ng as part of said

first process., deternmning a f.irst .property of at |east sonme of said pairs;
30 categori i 1Yy sagap%%lr}f"?gm%&%good 31?2‘7%@51 d first property neets a
first threshold; &id MRLRHAOBRLEafmed (oM lA09 framesadtlcon@ag@indrarhgb
pairs into at | east one blob; and indicating said at | east one blob as a

fire. 62. Appadatus according to claim61l, wherein said processor is

adapted to perf Orépéée{g?oﬁe%tl sg/ﬁﬁ wded 8?(%{ %ali)ci) %gl?lrg'ggabi)hf 3hd Q{ig gftﬁgésoﬁis

determ ning a second property of Ssal and exc sal d bl ob
pairs if sai dadaprednd identifes phiradity sfbade bixels ipaaid bastofeameand a phedlitpofecond
threshol d. 63. Apparatus accaording to c]aim®6l, c;g,he,retj n said proces?or IS
adapted to peAmMRISPR pkelsdn sydicpgpasopdramens nali of spid fust pipessgyeherep for

determning a f. id. bW $in :ffgﬂ% id bl ob
as a non-fir eeaﬁﬁ%g%?ﬁdﬁééé@%%%%%‘%dﬁg?‘%@‘ag#’ ggré%bgtﬁgﬁeglgf)%&h es nlgia neet a
second t hr esheicH saidbaseMppae pixebamicaat airregpdnding @inmpaizon fume @ixel faingng a
processor is adapted to gloelrf rmthe fol]ow ng. as.part .of said.first
process: 15 dealkshinhagald pliHfaliges,e ??‘@A‘Eﬁm@g‘is‘dnliﬁ?ﬁ?pﬁ%ﬁl? LOMPYE1%udi ng sai d
bl ob as adﬂon%m}arli?yj)if S@id third property of said blob pairs does not neet
athird tlhres ol d. 65? Appar atus according to claim64, wherein:
determning said third property conprises cal cul ating derivatives, and said

20 processor g ad @é&%%&?&iﬁgk@élsin%%,%&?éihgag5¥§§?53§§sa RALEL US

according to cl'aim ereln:- determning sal property further
conpri ses: pl pdrfarmghe éolbwihg adpgrt ofsaid fyrsegroadss] east one hi st ogr am and
determ ning a nunber af. qu ifiedrpoifntf t hereof. fqr at |east two bands in
said at | east one determinng a first property of at least some of said pairs;
categorizing said pairs as blob pairs if said first property meets a first
15  threshold; and

assembling said blob pairs into at least one blob.

60.  Apparatus according to claim 42, wherein:
said at least two first frames comprise a base frame and a comparison frame;
and
20 at least one of said video sensor, said frame grabber, and said processor is
adapted to identify a plurality of base pixels in said base frame and éplurality of
comparison pixels in said comparison frame as part of said first process, wherein for
each base frame pixel there is a spatially corresponding comparison frame pixel,
each said base frame pixel and said corresponding comparison frame pixel forming a
25  pair, such that said pluralities of base and comparison image pixels comprise a

plurality of pairs.

61.  Apparatus according to claim 60, wherein said processor is adapted to
perform the following as part of said first process:
determining a first property of at least some of said pairs;
30 categorizing said pairs as blob pairs if said first property meets a first

threshold;
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25 histogram and plotting an incidence of at |east one of said at |east
two bands against an incidence of at |east another of said at |east two
bands as wbD (keazsts one x-y plot. 58 WD 02/ 093525 PCT/ US02/ P660%02/64609
Appar atus according to claim64, wherein said processor is adapted to

performthe foll own s patt,.0f the first process: determining a fourth
property of said bTSB%nglgfé)%a}&gﬂBpg&%ﬁn&d‘i‘tﬁaasg%egb BE’O%I(Aas a non-fire if said
fourth property ofingRbindésdatl8ast ne Blodass fin@t neet a fourth threshold. 59

62.  Apparatus according to claim 61, wherein said processor is adapted to
perform the following as part of said first process:
5 determining a second property of said blob pairs; and
excluding said blob pairs if said second property of said blob pairs does not

meet a second threshold.

63.  Apparatus according to claim 61, wherein said processor is adapted to
perform the following as part of said first process:
10 determining a second property of said blob pairs; and
excluding said blob as a non-fire if said second property of said blob pairs

does not meet a second threshold.

64.  Apparatus according to claim 62, wherein said processor is adapted to
perform the following as part of said first process:
15 determining a third property of said blob pairs;
excluding said blob as a non-fire if said third property of said blob pairs does
not meet a third threshold.

65.  Apparatus according to claim 64, wherein:
determining said third property comprises calculating derivatives, and said

20  processor is adapted to calculate said derivatives.

66.  Apparatus according to claim 65, wherein:
determining said third property further comprises:
plotting said third property as at least one histogram and determining
a number of qualified points thereof for at least two bands in said at least one
25  histogram; and
plotting an incidence of at least one of said at least two bands against

an incidence of at least another of said at least two bands as at least one x-y plot.
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67.  Apparatus according to claim 64, wherein said processor is adapted to |
perform the following as part of the first process:
determining a fourth property of said blob pairs; and
excluding said blob as a non-fire if said fourth property of said blob pairs
5  does not meet a fourth threshold.
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