IMAGE SENSING SYSTEM, SOFTWARE, APPARATUS AND METHOD FOR CONTROLLING
COMBUSTION EQUIPMENT BACKGROUND [00011In accordance with the present invention,
imaging systems are used in association 5 with flame generating combustion equipment such as
industrial flares, burners and pilots to control the operation of the flame generating combustion
equipment in an open-air environment. [0002]In industrial flares (e.g., waste gas flares), some of the
major design points include hydraulic capacity, smokeless capability, destruction efficiency,
combustion efficiency, flare- 10 gas composition, degree of air entrainment, mechanical efficiency of
associated equipment such as steam nozzles. air fans, blowers. and compressors, and the need to

provide ignition. OptMﬁ&ﬁ%@%@@@gﬁ%@%‘g@%ﬁ 3 N ri‘]}g{g’gl%%aximum and
minimum flow rates. Flare operators typicaily desife a maximum 10 Fate'thi ugh the flare tip, which is

referred to as the hydraulic capacity. Flare opegaiens @lsa@rgire a lower flow rate 15 where flaring
occurs without soot or smoke, which is referred to as the smokeless capacity of the flare tip. Operators
are also requirgebta]destroyahoaico 8honhmate=af flara:gas tangusesthessataiyeofithaetiuent
discharged by {he, fare. This aerceniage s caled s destrucive. lemoral eficiency, or destryction
efficiency. OO‘§] he dilution rateis the amount of aif and/or steam added to the gas being flared. 20
Air and/or steaprtietvéle eprratinmdditibnaflanerotaidinénair wrdissiiveormiozgoh of farecpasaiHowever,
adding too mughais,@hsiream to the flare can result in a condition known as over-aeration, or
over-steaming. Jndeed, some portigns of flare gas can be over-aerated or over-streamed to the point
that 1t 15 n0 lon D B0 SERTER HIATEES e GG ERRCASPES- G el DA SRb Aty A cietance
is usually employdete: feciitare thekelxingrarliiye desor@Biachitvethe aforententidhadnsm flkaless
capacity. Stean,laigs,nake ussat hiphivelacivnaleam g aidmidng.and snitainaly Thesesion of the

steam portion of the flare is generally such that the air and steam are distributed through nozzles or
mixing tubes ag'fe?g S IERTRE Fe Lidarh MFED. PASBUPFSE D@5 18 Iiudlvdaiignmotive
fluid to entrain egdtitiginpbsurromosingdies Semeacsigarke Onivds ghsifibuiethinside thedlatentipnas purge
gas o prevent 30 ihe,lame fram huiningdneide (e g Fxcessive sisamandor alhcan croate &
noncombustible mixture thereby reducifig the flare e iciency. ?fé%{gﬁ] are %lps carrbe damaged if, or
when, a flame ratbigkds tsfetediiz asifsifidtpe it samsis tybleginperaipers Wi fdpegdsiowerates are
low, or when Vel RO EaLe S ARE M SES- A slesillidhe stearudistilbuted inside the.flaretip
continuously flows all of t %time. 0006 Operaj[o({s ::ﬁ[e Qurrentﬁﬁéﬁg{ning the sﬁe%am u‘%higher_than
prescribed so tHACtHE HP neBHE RS &SR SAHBR ORI S ATPHarHG SVBRTE SHBHR 58t SHE%t8am flow
may have the ptentia) tof guenthithedmbsstreiam drdiiorecalibe tivecgasgsticantidd thechmedniert to the
point that the 9&%%%@9&9&9' e}tmgtgg@i%lépé%@.potentially hazardous stream to flow to the

atmosphere and reduce the flare efficiency. X :
H003]  The dilution rate is the amount of air and/or steam added to the gas being flared.

20 Air and/or steam serve to entrain additional surrounding air to aid in combustion of flare gas.
However, adding too much air or stream to the flare can resuit in a condition known as over-
acration, or over-steaming. Indeed, some portions of flare gas can be over-aerated or over-
streamed to the point that it is no longer combustible, thereby reducing efficiency of the flare.
{0604] Steam or air assistance s usually employed to facilitate the mixing required to

25  achieve the aforementioned smokeless capacity. Steam flares make use of high velocity steam
to aid mixing and entrain air. The design of the steam portion of the flare is generally such
that the air and steam are distributed through nozzles or mixing tubes as the gas leaves the
steam flare tip. The purpose of the steam is to serve as a motive fluid to entrain additional
surrounding air. Some steam or air is distributed inside the flare tip as purge gas to prevent

36 the flame from burning inside the tip. Excessive steam and or air can create a non-

combustible mixture thereby reducing the flare efficiency.



[0007] In cold climates, air is preferred because the steam may freeze. This type of flare delivers a
large capacity of air to the flare tip by one or more large, electrical fans having multi-hundred
horsepower motors. A large flare may have four at more fans delivering the air to tip. At least one or

more of tsfasvilbe. fazspaed 0. ana. ke 190% ol Bedimehiladhe igmaiing fans are
idle, waiting for a flaring event. This'two-speed fan handles small process or purge rate flows. The net
cost for tHEPEEEIHEEPEReTEFBAE #th BWNESH SEd Thin A IFEEINE BRI B fpiEEsaBte!Sfd0 g8 Even at low
or half-spged: ajvanemdish-iandnianriniamdapydelivensmonewhan sufficiant air flow. Noimal purge
rate flows cjated with leaking valves and processes that are upstream of.the tip.can produce an
apprecal s TR e T o WS, Bhrua it e e mes e AR b
under onéestbioter fouipetwseonilidbout 03nsetErsvperr sbeotrdnfdod arydais. the femendiahing at half
speed cag,pRteRtalydeliver &@Hm‘é@@%@%\é{ ARH airde.predHGe maR:fRmMmebkleorattified mixtures
of gas and air tg the flare tip. The potential for unoxidized effluent from the tip then becomes a problem

and may UfIBHERFviF S hEPTe A AR R B S BRI HBR B R NC I8 ShE A SPRs i RRU T8 Y8 els below
acceptablge @epticéioenty if purge or leak rates are lower than expected. SUMMARY [0009] Herein

disclosed, i, g3 GRNTALFYSEM;s TagHal ‘Be%%’&é%éé’t%&%%%&@@&%?%ﬁ@ QPUIGARRSRAVRATINg

system and an automated flare control processor. The optical-based imaging system includes at least
one imag@ eEstGrergsyRerBrietis ditgnar@aene L5ente Rave lfticah Bz Aty dertrbadirghd an image
ProcessoholfR8oHRAGR RIS CESSaL dTtilidasyalleatinpne HvrgRIRrOLRESINgIRIger ihap capakle of
electronically analyzing g.caniutedimade el the. igre, and capable pfdiscriminating, hgween the flare
and an am%lent%ackgrouna. e automated fiare control processor c?e?mes a control system for the
flare, 3 wievdhntherutsibtedditne tontforpeotessol borrotetse farkainliissputsutesdrmilysis
received from: the inage Precessos A9009atAsearding fea-fifshasnestethess 49 prewidggkasflare control
system comprising: an optical-based imaging system including: at least one image capture device
oriented t%?ﬁé%agg’reast one flare being ambiently discharged, wherein the image capture device
includes d%9e8ir-mfeare docaon énéf-spetd aisiis @>darfiera, avhéerSimctheynddir<nfrare theam&iaidefines at
least one aiming RAAMEIRLIOLID yisible cameta e Rsanically campunisated through the

optical-based imaging system; an image processor including at least one image processing algorithm
capable dtelsctiorreanyRaR mgrectlptgredliandg dharis. fERyvart Ragame JodisEnfittting
between theothate avich dire gaahienbbaskgrowndioantb@pautematetdlaecast#sl proeessdfeefining a
control system faor the flare, wherein the automated. flare.control processor.controls the flare in
rosponse I A e B i g e S R L BEHE e, there
is provideereificfracoitrenshisomstarhistishigues obtenibhseddiagiat sipsterhcimeraeing fat least one
image capiggaipvicararanteshiowardaileas-onadlaseshsingr.ambiently disehargesomhatgin the
image capture deviceIJiPs a mu.Iti-cEpr ed cogg ed d§_vich camera avin?ca Ii%gt splitter gosl joned in
front a led&BHTHE Muli ERATE e (‘)‘ﬁ%?@lgscf UiRGTEERTET A0 WiheFeiR T fiGRES it SFBeHARY splits the
image; arrimgage lprbecgssareihchadibeg atpestsd.one image processing algorithm capable of electronically
analyzing a captured image of the flare, and garaplgef discriminating between the flare and an
ambient background; and an automated flare control processor defining a control system for the flare,
wherein th¥4ThdifEad AR ot SiapT 6eEloP demrdiBtHaIPE TR resisBH RS s Ay SRiif8teived from
the imagehpracassang 1601441 Al adiscloseciisiadlarateonirobaseoniiresimgal-least anegftare, an
image pracessing sysien: a1 aneutomaled s convalarosassar, Thelars,s ambisnil discharged
into the atmosphere. The imaging system i cﬁJdes at Teast two optical image capture devices, an
image procEBewy SIHsesnahiagBoressHY albisrithrac arParce lBeidmatldtrpaiAdgat least one
optical imggg-caniuse-clavice.deipetariorateniant cantyne a flaperda thedaks. A lnast ane optical
image capture deyie captures an.clectpnic image of the lame, The Imags pragesson iy ot least a
computer PP e ot LB mURICRTOR With ThE op ical Image capﬁ%reucr:‘ewces. € Image processing
algorithm éstitsteccessdhés imagecprtiebsstm dedlis Bdapted to analyze the electronic image, wherein
the image processing algorithm discriminates between the flare and the atmosphere. The electronic
output generated by the image processor identifies at least one performance parameter of the flare.
The automated flare control processor receives the electronic output, and the flare control processor
3a generates a responsive control input to a flame generation system that includes the flare, or digital
control system providing input to that same flame generation system. [0010al According to a third
aspect, there is provided a flare controller comprising: at least one flare ambiently discharging in the
atmosphere; an imaging system, the imaging system including: at least two optical image capture
devices, wherein a first optical image capture device detects, locates and captures a flame in the flare,
and a second optical image capture device captures an electronic image of the flame; an image
processor, the image processor being at least a computer in electronic communication with the optical
image capture devices; at least one image processing algorithm hosted on the image processor, the

image processing algorithm capable of analyzing the electronic image, wherein the image processing
Aalaorithm diceriminataece hetween the flare and the atmoenhere: and an elactronie niitni it aenarated hy



[0014] The image sensing device can be or include a digital video camera or other type of camera
capable of recording a series of sequential events. For example, in one embodiment, the image
sensing device is a camera that is capable of creating images in which pixels in the visual spectrum

can be C%%@L lialcamems.as el %c%&%kog)&?g%gh%sfﬂ}@tﬁ?%?égns‘é {ang%%i\svmgav% n be

converted into al iImages can be used. In one embodiment a di video camera is utilized.
100151 Afserdiscraagnrreespecific methodology for using the inventive imaging system. 100161 In
one embqgomaNtathe-pyens v mmethoderawtes fenthegantielot alarebeing.sisshangednin the
open-air a”}bia‘;f]_rﬂ)t ee%vironment tktlrou%jh] o(ptic_alti aging. The methtod comprises tthg {ollovging steps: (a)
dischargir?B arein an %%r?ygl?nérh Sient environmen ;1(53 f gﬁ?tgffnge%ﬁeef%f%nﬁsinﬁwgﬁ oaptical-based
imaging systemhivindantcasbionéycdinebrzelc)daptirihg thredenage of dhedtareladean electronic image

using the gamel a(R-analyzngsthe elerronininpos ohihe flareusing at lgastang algerishn adapted
to precursorily predict smoke, and_at least one algorithm that is Q%Fable of discriminating between the

flare and FTBSH B ShBTEHE SIRMETATRTE: Artronically sy eptraarg e Pefe PR SR HEican analyzed
condition @a@i@f@p&axﬁﬂﬂiﬁm@d\moegﬁmgiﬁdﬁmne%paembg@ri&mm'dﬁgbﬁtmhmmmontrpIIing a
flare compyising diRCARTOING.a Utk anecr:Al AMbIsRLenonmenL monlering, (g lare using an
optical-based imaging system having a first camera and a second camera wherein the first camera is

an infrareBPEa AR rat AR S8 ibRskEroUkb Mthie oFtpreatisr daEnePie SBOSHIC lpidtagseL0mBle spectrum

camera usgei0 fiaaUs MRypentbr laneanscapity edhn Blecicenicdmage saphwingrtbsimage of the

flare as an eIe&:tronic im using .the camera; analyzing the electronic image of the flare using at least
analvsis receiv it St

rom t € Processor, . .
one algorithm apag(fe 0 preﬁllc Ing fife Bmoke, and at least one algorithm that is capable of
discrimind#i®fy bletwewringd dlareccnnd tiecopéreairsapribidnd enfléro e, andmadiistingticfiare based

upon the @ﬁ@é/l@e@qmgﬁ@ of dbs flarralRO1BblAccrrding fa.a filth aspect-ibgre iswrviged an
C

automatic flare coptrol system comprising: at least one flare; an imaging system capabple of
electronic4i 83%%5%8’3&*%i@‘i‘i‘gﬁ?ﬂé&ésﬁfaéﬁ%rﬁé‘e&’éﬂ RO 85 TSy SR & BB stem
including sefwedré:fircacrabyzing the imAge cpipturedsyotied mmdgimng:sSiateon, tvherein dhegdftware
includes ap.aiagti. canpbleafanalie noe igtalimage and discHiminaling betsen e flare and
an atmospheric background, 4a BRIEF DESCRIPTION OF THE DRAWINGS [0017] FIG. | is a
schemati¢*glsire A pish Qe Brea st ararAher it etrsjele aadepists tHWwehdered

flame imagadeanitsafiaiedd Efablk andithermiareddlarse iBaBe: and an ambient background;
and an automated flare control processor defining a control system for the flare, wherein the
automated flare control processor controls the flare in response to analysis received from the
Image processor.
[6610] Also disclosed is a flare controller comprising at least one flare, an image processing
system, and an automated flare control processor. The flare is ambiently discharged into the
atmosphere. The imaging system includes at least two optical image capture devices, an image
processor, at least one image processing algorithm, and an electronic oufput. And, at least one
optical image capture device detects, locates and captures a flame in the flare. At least one
optical image capture device captures an electronic image of the flame. The image processor is at
least a computer in electronic communication with the optical image capture devices. The image
processing algorithm is hosted on the image processor, and is adapted to analyze the electronic
image, wherein the image processing algorithm discriminates between the flare and the
atmosphere. The electronic output generated by the image processor identifies at least one
performance parameter of the flare. The automated flare control processor receives the electronic

output, and the flare control processor



[0019] FIG. 3A depicts a nighttime screen image capture of a flare with an un-zoomed, visible,
charged-coupled device camera with a target box. [0020] FIG. 3B depicts a nighttime screen image
capture of a flare flame from FIG. 3A using an infgared camera and a target box of the visible flare

depicted ip 16 3 [BORNFIGHINHEPIcts ARG SEIeaRINA0S GRRLIE.of.A.1arg hayin no
visible flame and usin an u_n-z_oome%ﬁ visible charge -co_ufﬁe evice camera with a arget box.
[0022] FIGHRB! dejiretthiafnghemdosbrbannnilige eaprgiopftiieniare flame in FIG. 4A using an

infrared Cﬁﬁﬂﬁfﬂ ﬁ@%m%h@msﬁﬁg\gi@éﬁlé@%ﬂd%E@Qéﬁﬁt@li%ﬁ%}ﬁ lﬁ?ef-}&@t dgpicts tthe
connectivity of the imaging process . epicts the connectivity of the flame generation
ol oo A S S LS LA BT St HELTES RAT APt B ANTACE (5, T iy
ratio and gnitingrsmpie! [DO26RIBGS. dEA@ndwhBrdepidirst fharea pergtingpatra desiredtftame quality

ratio. S [QO2/IFIG: 8, %@ﬁsﬁm@%{%ﬁ@%EE%%CM%&H@%%&%%%é%@&%@@&%@ﬂ%@%00860'
thereon. [0028]FIG. deglcts a flare emitting smoke as seen during a field test. [0029]FIGS. 10A and

10B depiCl B HHEALSBHIG MBS AME RSP PAHRG Sheiaase s raet ek i \gah eI G. 0.
DETAILER BESGREPIHOMHR30Hnwdannectignwiththg:prapant iovaniipntitibas beendigeovered that

an optical imaging SYSIMLUINgVR0IE ARdinirared Jmaging. devices.can e wilized in coppection with
analyzing the electronic image, wherem the image processing algorithm discriminates between
the flare and the atmosphere; and an electronic output generated by the image processor, wherein
the electronic output identifies at least one performance parameter of the flare; and an automated
flare control processor receiving the electronic output, the automated flare control processor
generating a responsive control input to a flame generation system that includes the flare.
{0011] Disclosed is an automatic flare control system comprising at least one flare, an imaging
system and a computer system. The imaging system is capable of electronically capturing a
digital image of a flame generated by the flare. The computer system includes software for
analyzing the image captured by the imaging system.
[0012] In one embodiment, the invention includes an automated flare control system that
includes an mage sensing device,

. [6013] In another embodiment, the invention is an imaging system that utilizes an image sensing
device in connection with a computer system, including software (and corresponding algorithms),
and related apparatus as necessary. The system can be used to control various aspects of flame
generating equipment such as flares, burners, pilots and other combustion equipment. Qualitative
and quantitative analyses of flames can be conducted.

[0014] The image sensing device can be or include a digital video camera or other type of
camera capable of recording a series of sequential events. For example, in one embodiment, the
image sensing device is a camera that is capable of creating images in which pixels in the visual

spectrum can be counted. Digital cameras as well as analog cameras that create



flame generating equipment such as flares, burners, pilots and other combustion equipment to 10 help
monitor and control operation of the flame generating equipment in the open atmosphere in an
effective and efficient manner. The optical imaging system helps monitor and control operations, as
el as providind. pracueary smoke predistian i cnclased or, acstetic lares, gr.Bymers, glso known
as grounér?fifres. 0 f]lhe erring to the rfvvlngs, the inventive image sensing system § compasses a
flare 15 codaoFaysemutiivédliare control system is illustrated and generally designated by the numeral

10. As shpotspyathe fiavinos agtsndersieadibyy theseskiliethindhe-ant. flatepentrol system 10 and
componeﬂ\}tﬁ g’eﬂfOf are qﬁsi.%ped to be associated with at ,Iﬁasi onggflare 1%, %r at least one flare 12
operating'Within Bt B8 TS Bive L4 TR 9 P SRATPBUINErLo] 495 S PHR o tHe HiMeY8nerating
combustidn@ggghme teutiézed: imdnisbient 20renvirdnmgnt i dbimthe e tidle uthehemipator other
industriesitifizing;flates12 and/or burners 14. Flares 12 and/or burners 14 are open-air flares and/or
burners, or enclosed or aesthetic flares and/or burners. Preferably, flare control system 10 is
automated. [0032]R&lerrinG YT ERTS 21la BALPRFHET ARRICELFIGPESEM 10 includes imaging system
18. Imaging system(d8 is amnipdttal-baskddmdagng sysiemihat inclgtiessastdanshane A5«aptical image
capture device 20, also reg%rg%d to as camera 20, oriented toward flare 12 or burner 14, camera
controller 22, image processor%, and any applicable software necessary to operate the foregoing
hardware and perfotéh thetieitasgaby By sishcBreraecitrsieicinasdimags proesssor 24 may be

integrated as a singlg unit .afg-reiene i@ Rt AgLProcessaladd w304 003315 Gnedl dllustiates cameras
20 and the fields of view th%refr m. As illustrated, ga{nergg(zo inglud?s a %Iur%lité of cameras having
zoom lens 21, with at leasf & firat camera Soa aRd at 1TSS EEofd eindka Y8BTHIIE" £ the dashed
lines represent a field of viewatrsnfirdiscamiartiZ0damersetondeameda tRObedenanie anbiFmdiment
camera 20 is a multi- 6 chayggsaarpled device (CCD) camera using a prism (not shown), an optical
beam-splitter (not shown), or a wavelength filter (not shown) to split the incoming light into different

spectral light groupitigs uphiiaecksiar By ebersa it b esAseedifieneiited@nera 20a and second
camera 20 g SeleeiBdoflromethenbigrouprcomnsistingmd @D cameias, imulinGOhgamanas,

mult-special samerassiahdcAnllan.cameras  dialal cAmelas. a0aleg ANALAR.COlprcmeras.
black and white cameras, gréy-scale cameras and combinations thereo In‘one embodiment, first

camera 20%if8 b psimaghet tterinTravesr i SraCh dNctierosf e ahertirstiediibramoa is a
near-infragesh Gamesa cimane fmhodinent i st.aaneae20adssadshericuavelength infrargslcamera. In

one spectrum camera used to focus in upon the flame and capture the electronic image; capturing the
image of the flare as an electronic image using the camera; analyzing the électronic image of the
flare 'ué.ing at least one algorithm capable of predicting the smoke, and at least one algorithm that
is capable of discriminating between the flare and the open-air ambient environment; and
adjusting the flare based upon the analyzed condition of the flare.
[0016b] According to a fifth aspect, there is provided an automatic flare control system
comprising: at least one flare; an imaging system capable of electronically capturing a digital
image of a flame generated by the flare; and a computer system including software for analyzing

the image captured by the imaging system, wherein the software includes an algorithm capable of

analyzing the digital image, and discriminating between the flare and an atmospheric background.



10 embodiment, first camera 20a is a mid-wavelength infrared camera. In one embodiment, first
camera 20a is a long-wavelength infrared camera. [0035]In one embodiment, second camera 20b
operates in the visible spectrum, or a portion theregf. In another embodiment, second camera 20b
operates in the visible-toultra\ﬁ f%ﬁ%P?&WB@%@%@%QQ%]FirSt camera 20a and
second camera 20b are in electronic communication with camera controller 22 and image processor
24. First difiétatd0alissadabivdtio detetia Womte npidletecyéhivaliyeeaptarstean image of flare 12 and/or
burner 14iobirst camera2Raigentifiesanthacauises flarenlmirdurags 1, and distingdishes between a
plurality of flares 12 or burners 14. Second camera 20b is adapted to electronically capture an image
associatet"¥fith 20 flare 12 and/or burner 14, which includes a flame therewith. First camera 20a
defines anel#@inéiatict addpast omelgimmgepanamete cdpusechHadcameha:2 Ob;-andeeledtiblkically
communiggte ah&iglgg@mtgg&g%%mg@rgargggler 22, thereby communicating through the imaging

system 18. [0037]Numerous cameras, filters’, beam splitters or other optical devices in various 25

combinati®H2UITAG KRB ABire ersbuime e 2P0 diadatt Seme fiospBlraorsREIR CCD

camera, themadiagiecametar2d soayireutitivedidr thatcemboBiment, light from flare 12 and/or burner

}n“ 'S Sp'ﬁHBﬂj %‘i&?rﬁlga%‘g‘%}%an%ﬁ -t'%lé%&%éﬂ%‘%‘”%ec%?&%%%@ fpatshown) o8 ee{le?rﬁé'ca(}'based light
anagement device iS used to spfit the incoming frght into two or more beams, wherein at feast one

- beam is difiizedinepkarsibiralwacaddoapleddetise wineme 30t mtheeoidible spectrum. Other spectral

COMponeqs| ranges: May-Alse hemsed MaRe ik campinatinnasuahas fariafraegpedium

infrared, infrared, near-infrared, visible, near- ultraviolet, ultra-violet, or any portion of a wavelength
desired 1% aE‘)ﬁé r%ﬁlﬁéan%lé{ 3 Hrrﬁ%{ gLI%)b()%tﬁe v1rs1‘(ﬂe frflare depicted 1n }g?(l} 3A. yp g
[6G23] FIG. SA depicts the connectivity of the imaging process.

{0024] FIG. 5B depicts the connectivity of the flame generation and feedback control loop.
[0025] FIGS. 6A and 6B depict a flare operating with a low flame quality ratio and emitting
smoke.

[6026] FIGS. 7A and 7B depict a flare operating at a desired flame quality ratio.



system 18 is improved and more robust when camera 20 has higher quality components such as

improved optics attached to and/or within. 100381First camera 20a and second camera 20b may use
a separate lens to widen or narrow the field of view. Alternatively, first camera 20a and second
camera 20b have a zoom 5 function to adjust the field of view. FIG. 1 illustrates camera 20b zooming
in upon flame 56 of flare 12. [0039]Camera controller_.22, or image capture control system 22, defines
the control parameters of the image capture devices, or cameras 20. This control includes operational

control, and gantrpl ofte glegiranismcamnmymeatonsthetehgtuesiy Theclaekanic AP sanpaydnication

between car%lera controller 22, first camera 20a and second camera 20b ensures real-time, interactive
control to and DetWeen each camera 20a and 20b. Camera controller 22 interactively adjusts zoom
lens 21. Canfisdz8tontFdliep ﬂapismddptedﬁﬁtfh@mem ters &iriap dléeié B&.to maximize the number

of pixels avagﬁ%bj forﬁtélgs% Ga%%s Thet %]re%Inelr e nuzln%lﬁ%1 OEQIXEB ut @?ﬁ@ |£n§%a Q{qgessmg
ntr

algorithms 2 greater th preC|S|on ofthe resul amerac IS In electronic
communfcatiosfasifiviergeioronddsor24. Image processor 24 is a computer-based system having
software hosted on computer 28 for proggssing gigitaieagasgaured therein, and having at least
one image processing algorithm 26, also hosted thereon. Computer 28 is in electronic communication
with optical 8% hge Baptorecienicusho e RETBNEARTERE TonirSérteen cisryacdomtbRer Zisalpart of

image processgdirg sJORALIRrafeiably, aﬁ@agﬁ«e%eqm&g algerithmreisoilware hosten oRgemputer
28 and capable of electronically analyzing the captured image from flare 12 and/or burner 14.

Additionally, THTAY 8 BFICEES Y BIBSHHHAIZE ILEspABIRSET diehdAIAY SERvSSIPRSRIPSt 5 burner
14, andi@mbient soxitonmerbibelstehadisaghihsflatiraspberitpagkgrocndn3Be open atmosphere

in an effective and efficient manner. The optical imaging system helps monitor and control
operations, as well as providing precursory smoke prediction in enclosed or aesthetic flares or
burners, also known as ground flares.
[0031]  Referring to the drawings, the inventive image sensing system encompasses a flare
control system. The flare control system is illustrated and generally designated by the
numeral 10. As shown by the drawings and understood by those skilled in the art, flare
control system 10 and components.thereof are designed to be associated with at least one
flare 12, or at least one flare 12 operating within at least one burner 14. Flare 12 and/or
bumers 14 are part of the flame generating combustion equipment utilized in ambient
20 environment 16 for the petroleum, chemical or other industries utilizing flares 12 and/or
burners 14. Flares 12 and/or burners 14 are open-air flares and/or burners, or enclosed or
aesthetic flares and/or burners. Preferably, flare control system 10 is automated.
[6032] Referring to FIGS. 1, 2, 5A and 5B, flare control system 10 includes imaging
system 18. Imaging system 18 is an opticai-based imaging system that includes at least one
25  optical image capture device 20, also referred to as camera 20, oriented toward flare 12 or
burner 14, camera controiler 22, image processor 24, and any applicable software necessary
to operate the foregoing hardware and perform the necessary analysis. Camera controller 22
and image processor 24 may be integrated as a single unit, and referred to as image processor
24,
30  [0033] FIG. 1 illustrates cameras 20 and the fields of view therefrom. As illustrated,
camera 20 includes a plurality of cameras having zoom lens 21, with at least a first camera
20a and at least a second camera 20b. In FIG. 1, the dashed lines represent a field of view

from first camera 20a and second camera 20b. In one embodiment camera 20 is a multi-



[0042]By way of a non-limiting example, a plurality of image processing algorithms 26 are contained
within the illustrative box in FIG. 5A to represent the variability of functions the different algorithms
provide. A first image processing algorithm 26a provides for analysis of the image from camera 20a
and camera 20b. A second image processing 30 algorithm 26b provides for discrimination between the
image from camera 20a, camera 20b, and ambient environment 16. A third image processing
algorithm 26¢ provides for de-integration of flame 56 fVithin flare 12 and/or burner 14 into individualized

pixels, there@ﬂaﬁ%@%ﬁf&! ajudigr C{'@H@i@@ e pixalsiia %HM%H% qhsResiral ¢t rQéHi’lifJg?ﬁ-u@aCh
image 8 processing algorithm 26 provides for quantitative and qualitative analysis of the image from

imaging systéit F80BYeRiptoyig ansit &t offhagevstb e selgtatgBistmiesid B ants, dbetinal
evaluation pasaretershapeoayiiaisoramd atgdisewssed below. [0043]With respect to image

processing ithm 26c¢, the image processing algqrithm 5 addijtionall vides for | counting
and determiarfﬁ%%r‘} am “qﬂ%ﬁif?’%ﬁ%ﬁﬁ&o §SEH8P2?F%%1_Wrg\/a‘if%}}‘gacﬁ@ﬁfﬁ,ﬁﬁgna% %{ﬁ%%),%%”@f%it
spectral 6olagrrmpdebisisatectef]l Ha¥ingadnheesstechahdrferzeacts.spadtiapeoterl havirgean lidensity

between 0 aqgﬁ%ﬁ& If the rati%iof the tatal of the blue intensifies in all of %ﬁg&sg}}e&e%ﬁiscgeter pixels

(the sum of blue |H?§ﬂ%§%§afo %1'?5 or each %?)%e{i)"isa vided yrt e combined sum of the total of the

red 10 intengityyaivditheaoeatoftdecgradnaimtenshyrétie sonvef reebirtiensitieBr0-288)rfor&aéh pixel

plus the sum,of green infgnsitissdQadnz AneaAchPIEhHSKAoW N e siatks f flame gualitydatio
(FQR) of the flame’is known. FQR = Y:Blue pixel |ntenS|tyT>g0-255) 151Red pixel intensity (0-255) -h.

1Green pixefifteisit (OO sBPAKEIFHHLHVET CHREBGRAIS cafearidy irpe By EYEyEd FatR-R thaPRtims to

give an jdentigaly@swi Usingdhis-2pn 0as id-llamedis-tuminevs ftheflame gualityxatinids akout 40%
to about 55%. A flame has imminent smoke if the flame quality ratio is about 35% or less. 20 And, a

flame is ove UG 1P & IS BTG PafiG EE58TEEE % or more. A field test sample is illustratively
discussed hgoeis]jOthier specirdlodotanmeeelsd sticheas 32bibaradS- ibitihmaysiiko previde, agdditional

daia oot T A el el AR e Al ek denend: Sl R e
ulfraviolet spectrum, or a portion thereof.

15 [0836]- First camera 202 and second camera 20b are in electronic communication with
camera controller 22 and image processor 24, First camera 20a is adapted to detect, locate
and electronically capture an image of flare 12 and/or burner 14. First camera 20a identifies
and acquires flare 12 or burper 14, and distinguishes between a plurality of flares 12 or
burners 14. Second camera 20b is adapted to electronically capture an image associated with

20 flare 12 and/or burner 14, which includes a flame therewith. First camera 20a defimes and
generates at least one aiming parameter for second camera 20b, and electronically
communicates those parameters fo camera controlier 22, thereby communicating through the
imaging system 18.

[0037] Numerous cameras, filters , beam splitters or other optical devices in various

25  combinations all work. In one embodiment, if camera 20 is at least a multi-spectral or multi-
CCD camera, then a single camera 20 may be utilized. In that embodiment, light from flare
12 and/or burner 14 is split upon entering camera 20. In such instances, a prism (not shown)
or other optical-based light management device is used to split the incoming light into two or
more beams, wherein at least one beam is analyzed in the near infrared and at least the other

30 in the visible spectrum. Other spectral components or ranges may also be used alone or in
combination, such as far infrared, medium infrared, infrared, near-infrared, visible, near-

ultraviolet, ultra-violet, or any portion of a wavelength desired. The performance of imaging



25 algorithms 26 to produce the desired flame quality ratio. Each installed flare 12 and/or burner 14
has an initial field test to establish the biasing multiplier required. The biasing multiplier is determined
by manually adjusting flame 56 and comparing the calculated flame quality ratio against the actual
condition. 1004510ther parameters are also identifiable and analyzable by the specific image 30
processing algorithm 26 selected. For example, a fourth image processing algorithm 26d provides for
temperature sensing and detailed variations of tempe?ature within flare 12 and/or burner 14.

[0946] Image;pLRseIgok %p%@&ﬁﬁ@&@%@%%@{?@&ﬂ; dsnablene icrRniR anImAae fem&ameara 20
using a frame grabber. Image processor 24 is adapted to capture and analyze 9 video and video

signals from thEBHENR SRS RS Ry OTdRBBigh-definition digital video, analog video and
variations thesesgjAdditignaliméraagr precessaid24daiaabeote aaalyze anaagnddensandvigavert the

analog images to digital images as long as. individual pixels are detectable in the analog images. The
frame grabbgfl‘ﬁ%ﬁiﬁff%llf:@%%‘ge&o@g%%g?tyf é’;’égﬁ%c i %@M&Efﬁ?‘fﬁ%hg%a%eﬁ %?%e%@%& Bréterably,
at least dne fimageptocdssindafogdditimi@6. i3 #daptddtoaide niifyeanitidivicdual pixelpmtlervidgo image
of the flare. 004 71image processor 24 provides electronic output 32, which is communicated to

automated flare control processor 34. Preferably, electronic output 32 identifies and provides at least
one perform&#¥pardrmerer 36ndlgtordated flageccontrorproBEssor g PEroriiaatdhtocprirameter 36

is the output from inAgerFRCcRSING AgRrtms 26 sherghy.proyiding dhe,analysis.on the.ignifin status,

smokeless condition and destruction efficiency of flare 12 and/or burner 14. Similarly, the same, or at

least one otHEMFthg @0t @& hg bl osritRIFF P8I oS RIBE PEsHER R TEe PRI Riters BIF tideeiEtBichment
of a flame fregnflaraiddion thebssidupeisraekedneiare, JiZ-andiaeRumer dd Adsamataddiarepsontrol

processor 34 may use the 15 same computer. as image processar 24. [0048]The image from camera
20, or camerdS Y65 KRa b, ’a?é%‘éﬁi"ss*’ﬁ{&fi’és‘ﬁnﬁﬁ‘g %F&%ﬁ?ga?ﬁ%bﬁm[gﬁﬁ iﬁ?ggrz are-8PtiBhally
displayed oncargraiphical insendriteifacéiuer menitdeconirol Sareen GSditdvitmity/conteptscredncbd is

optional, but vghenleuéisli%?d gniet%ré//control scr E%] 54 igggar of e}nd isli‘rgbﬁsle%ctr nic co rg%ysi%gtion

. . Q171 10 maximize 15CiS al or statistical aj .
with image 20°processor 24 ahd imaging system L8, jo feferably image processor 24; imaging

system 18, ahbeagreowantéed flarebeonfrplxels used in image processing algorithms 26, the greater the
15 precision of the results.
[0040] Camera controlier 22 is in electronic communication with image processor 24,
Image processor 24 is a computer-based system having software hosted on computer 28 for
processing digital images captured therein, and having at least one image processing
algorithm 26, also hosted thereon. Computer 28 is in electronic communication with optical
20 image capture devices 20 and/or camera controller 22. Camera controller 22 is part of image
processor 24,
[0041]  Preferably, image processing algorithm 26 is software hosted on computer 28 and
capable of electronically analyzing the captured image from flare 12 and/or burner 14,
Additionally, image processing algorithm 26 is capable of discriminating between flare 12, or
25  burner 14, and ambient environment 16, such as against atmospheric background 30.
[0042] By way of a non-limiting example, a plurality of image processing algorithms 26
are contained within the iilustrative box in FIG. 5A to represent the vartability of functions
the different algorithms provide. A first image processing algorithm 26a provides for
analysis of the image from camera 20a and camera 20b. A second image processing
30 algorithm 26b provides for discrimination between the image from camera 20a, camera 20b,
and ambient environment 16. A third image processing algorithm 26c¢ provides for de-
integration of flame 56 within flare 12 and/or burner 14 into individualized pixels, thereby

identifying and grouping the pixels into a plurality of spectral color groupings. Each image



processor 34 define feedback control loop 38 therebetween. Feedback control loop 38 is adapted to
analyze the image from imaging system 18. Additionally, feedback control loop 38 is able to
simultaneously identify and monitor numerous performance parameters 36 of 25 flare 12 and/or burner
14. By way of a non-limiting example, feedback control loop 38 is able to identify at least the
temperature of flare 12 and/or burner 14; determine whether there is a soot buildup within flare 12

and/or burner 14; identify if the flame has detached frdm flare 12 and/or burner 14; identify if there is a

color differe

the flame of flare 12 an

it Qg%ﬁmez%fgl%(ﬁdézﬁp {RhBRIRRT 4 gj&%&ﬁg@@%gﬂ}e& ﬁ%%ﬁ%%i

r 30 burner 14. Another non-limiting example identifi y

across
control

loop 38 inclutRAEBENHEIE! d SmbRetdzrlowag-mplateianed Seams mrecersiteueltonbifiaie paelbedback

control l0op 385ashalSO-NeRtibpRALERSLSIE el anburoarsidchestsfor pilot 48 "o 10 status,
uction efficiency of flare 12 or burner 14, and identify any internal combustion within

str .
flare 12, burr{é?ﬁi, or PIBtAH I8 OfRRSEOPERSE #1S HSRIEBIoARS B ARSI IRATSIRG HRL5IFg sy stem
18. In oné emtidumant, peeokder 44 isinetlectionie capimypisatiamwithimagapiscessieband 5

verify the de

provides a d

te/time st on the images from optical image, capture devices 20. Recorder 40
provides a |o%§fﬁ§1°€ﬁhc?%§"v"ﬁ¥h Cé?c’ileflé%é%g{g fr%&rﬁ%ee & r%%l%ﬁggéag ﬁ?@éé‘?\o afl 8‘6%8%%% of
flare 12 and/bavogriguel 4ed and green, each spectral color having an intensity between 0 and 255. If the

10

15

20

ratio of the total of the biue intensities in all of the isolated discrete pixeis (the sum of blue
intensities (0-255) for each pixel} is divided by the combined sum of the total of the red
intensity and the total of the green intensity (the sum of red intensities (0-255) for each pixel
plus the sum of green intensities (0-255) for each pixel) is known, the status, or flame quality
ratio (FQR) of the flame is known.

FQR = > Blue pixel intensity (0-255)
> Red pixel intensity (0-255) + Y Green pixel Intensity (0-235)

Alternatively, the FQR is calculated with averages rather than sums to give an identical
result, Using this approach, a flame is luminous if the flame quality ratio is about 40% to
about 55%. A flame has imminent smoke if the flame quality ratio is about 35% or less.
And, a flame is over-diluted if the flame quality ratio is about 65% or more. A field test
sample is illustratively discussed herein. Other spectral color models, such as 32-bit or 48-
bit, may also provide additional data,

[0044]  The flame quality ratios and associated ranges are fuel dependent. For example, in
the case of hydrogen or methane, a biasing multiplier is entered into the image processing
algorithms 26 to produce the desired flame guality ratio. Each installed flare 12 and/or
burner 14 has an initial field test to establish the biasing multiplier required. The biasing
multiplier is determined by manually adjusting flame 56 and comparing the calculated flame
quality ratio against the actual condition.

[0045]  Other parameters are also identifiable and analyzable by the specific image
processing algorithm 26 selected. For example, a fourth image processing algorithm 26d
provides for temperature sensing and detailed variations of temperature within flare 12 and/or
burner 14.

[0046]  Image processor 24, and the software thereon, is able to capture an image from

camera 20 using a frame grabber. Image processor 24 is adapted to capture and analyze



100511Automated flare control processor 34 continuously, and at an operator set interval rate, defines
a control input system 42 for flare 12 and/or burner 14. Based upon performance 10 parameter(s) 36,
_automated flare control processor 34 generates a responsive control input 44 or adjustment to flame
generation system 46. The same control input system 42 is applicable whether there is a single flare
12 and/or burner 14, or if there are a plurality of flares 12 and/or burners 14. Control input system 42
and responsive control input 44 directly communicate%with the digital control system of a refinery, or

other large fag,i!f'&g. fﬁlﬁe natively G rol input 15 system 42 and.responsive ont linput 44 vide
direct input to %‘Iare 12 a(t;ir}%}%_)rg t‘fﬁaﬁn%rrgfﬂl %geogrffglé%}giglenr%ePgti((ijlﬁli@s‘f}er%oﬁg lﬁhaé)gf} éat}od}‘gé%ond to
all control inptitistelaneldgovitancaénerationsathdrae feasiddisl ool flama e passerr124 pilotkd8 tsteam

valve 50, andigiigit GRIBIPIEC o S HRHACES I (IRDS-AR0TRIAN;BYSIRMAG 216 RreleHahlgggnirolied

in a precursory manner. Responsive control input 44 or adjustment is based upon The analysis of 20
flare 12 and/GPiiAE: dieHaRicindge Pricedeses . Hie Sroriesiuitrtisrovides grepionsstantdneous

statistical analysissohdlameutheraby predictingsthe state pidlave 42 féﬁ@um@ri%fh%é\%%@@s%ﬂare
control proces or.§\4 iggludes acgjitional control algorithms. These additional contro] algorithms
determine thé HeFoRSafdS ERL &t Wir LR AR S YALaGE e HamE5aiRRsE st L5skaR 46, or indirectly
through the djgiesillcontnolgsy steme der- flamer2G dge neeationi sysigm: 48, Aldackhgsecasiditionatcaptrol
algorithms determir}edtrfxlgrbest go e interval;gr ﬁp Lit to mipimjze nqeﬂsjri Eﬂc ditions such as

n

edn n
smoke, soot gﬁﬁﬂﬁﬁtlon.?\ﬂc&%o %)(%%ﬁ(ﬁegardﬁ%gr%gm% od ¢ o ]anréeifnéjn%ff%)vr’ SUrner 14
depicted in FRGBast 088 pthiemnetiogarcheties flaredi@netdufiser dehitdibphasging dto Ruribientce

of Controfli g
environmgnt 16.80d.30;moniteLing, afeféolnomg@%rréc%sQx%lt?mrﬂ%%a&@%%sgégﬂ?g

. | NG 18,
which has at least one camera 20. Alternatively, flare 12 or burfier 14 is dischargedto an enclosed or

aesthetic flarénaVaiRyitdl thialf@ Hpnaretts smpkelssy canditaptare deyresiaaraffonsant flasidtronic

image, whichaigy: eptienally, beisispiayed QRROBIeY/ ARl SCIREN R ARRAYSIS A Eﬁg‘oﬁlﬁﬁﬂ%‘ic
image is done Wii%n image processor 24 by at least one ima&e processing algorithm 26 that is

adapted to aRER/AEIHEHIRANSE RAFAMSET Bt AT4ciBRemabl iimadeopr S dhgalbphthldies is
capable of dis¢rimikatingrheivieemdlareolzhar burneiddatsidfiare control processor 34 may use the

I5 same computer as image processor 24.
f0048]  The image from camera 20, or cameras 20a and 20b, as well as the resulting
graphical user interface images are optionally displayed on a graphical user interface, or
monitor/control screen 54. Monitor/control screen 54 is optional, but when utilized,
monitory/control screen 54 is part of and is in electronic communication with image
20 processor 24 and imaging system 18.
[0049]  Preferably, image processor 24, imaging system 18, and automated flare control
processor 34 define feedback contro! loop 38 therebetween. Feedback control loop 38 is
adapted to analyze the image from imaging system 18. Additionally, feedback control loop
38 is able to simultaneousty identify and monitor numerous performance parameters 36 of
25 flare 12 and/or burner 14. By way of a non-limiting example, feedback control loop 38 is
able to identify at least the temperature of flare 12 and/or burner 14; determine whether there
is a soot buildup within flare 12 and/or burner 14; identify if the flame has detached from
flare 12 and/or burner 14; identify if there is a color difference within the flame of flare 12
and/or burner 14; and identify a plurality of densities across the flame of flare 12 and/or
30  burner 14. Another non-limiting example identifiable by feedback control loop 38 includes
control of a smokeless, well-mixed flame 56 for the destruction of flare gas. Feedback

control loop 38 can also identify hot spots in flare 12 or burner 14, check for pilot 48 “on”



5 ambient environment 16; capable of determining the status of flare 12 or burner 14; and capable of
determining or predicting luminosity, color density, smoke, soot buildup, and flame. Alternatively,
image processing algorithm 26 is capable of discriminating between flare 12 or burner 14, and the
enclosed ambient environment of an enclosed or aesthetic flare or burner; capable of determining the
status of flare 12 or burner 14; and capable of 10 determining or predicting luminosity, color density,
smoke, soot buildup, and flame. Flare 12 and/or burnét 14 are adjusted based upon the analyzed

condition of f& 242 L 541 INg.system. 18 provi es i{@ut to autoqkalted flaye .Pntrol processor 34
in order to ma?ﬁ[e ﬁre?:t?&scﬁ% @%%gﬁc%ﬁgeé%ﬁgﬁ %rnges to the Fﬁput’t(a) a}a%reﬁg ndfor burner 14 to
avoid detacheagyhugianevithindatiildionrsendkeceltids; or any other undesired condition. 15 Imaging

system 18 eyasales theerliel oL e 12, 0hRuBedh ISRk 62, lgh 4Fs Shipegf flame

56, and/or internal burning conditions. [0055]By having camera 20a be an infrared or near-infrared
camera, the ERRPHHTAOFPHEAVESN flard 1 QGiTRNINSIOTU R HiAbiSritie AVIREAMEIC 1B Tedudes the

workloadson prage PIeeessing Maqrtams 28adhusdhediscriminationet thevisible heubgrFy Hetween
flame 56 20 and the ambient environment 16 is easier, Depending upon the particular application, it

may be desiBIAS Sk S BIUAT SXabigth HA B A B TR AU SEHG N el [OBEFIG.
2 illustrates aaeinjputestdispldgeddnirareskimage of flame 56a captured from flare 12 and having color

striations repygseied By e Inss,n flams 308 Also-lusiiated 1 FiG, 2152 somputeridisplayed
image of flame rac visibl

, whic "Kas been processed o su e ambient environment 16
therefrom, thusepfeSantingatrehtioredyisteag é2ofofldhme 55anderihvitasnéb6aasolopstrisitmsakthe

flame argyrensesgRied b N ineRdn flarne fAky Althouab the colorsrations are Uksiiaied,asdines in

FIG. 2, some flames will produce turbulent eddies and dense bundles of colors, which create
non-uniform EbRSYIRTAGRIS VARG fisHseaten OB AS iIlBer e FPrralSnIup A em-AB Iscamiiseh 2o

includes first camera R0 #Rdis0 SASRND GAMGT Bu2RR. 1, thiﬁm%@ras:@a%@Eé}@mﬁrﬁa%&a]_@ﬁwmfrared
camera 20a, and second camera 20b is a visible spectrum camera. Both cameras 20 are focused

upon the imadE5He fIarRBUA AEPEL S S EPp s g SRS B e SRIFR! JBRTEFHotH <M SFAR B dfid 20b

in use at with the digital control system of a refinery, or other large facility. Alternatively, control input
15 system 42 and responsive control input 44 provide direct input to flare 12 and/or burner 14.

[6632]  Flame generation system 46 is adapted to respond to all control inputs related to

{lame generation and at least includes flare 12, burner 14, pilot 48, steam valve 50, and/or air

generator 52. The devices in flame generation system 46 are preferably controlled in a

precursory mannetr. Responsive control input 44 or adjustment is based upon the analysis of

20 flare 12 and/or bumner 14 from image processor 24. Electronic output 32 provides near-

instantaneous statistical analysis of flame 36, thereby predicting the state of flare 12 or burner

14, Automated flare control processor 34 inciudes additional control algorithms. These

additional control algorithms determine the increase/decrease of air, steam or gas input to

flame generation system 46, or indirectly through the digital control system for flame

25  generation system 46. Also, these additional control algorithms determine the best time
interval for the input to minimize undesired conditions such as smoke, soot and dilution.

Method

[6053]  Regarding the method of controlling flare 12 and/or burner 14 depicted in FIGS. 1-

5B, the method includes flare 12, or burner 14, discharging into ambient environment 16 and

30 monitoring flare 12, or burner 14, by using optical-based imaging system 18, which has at

feast one camera 20. Alternatively, flare 12 or burner 14 is discharged to an enclosed or

aesthetic flare. A digital image of flare 12 or bumer 14 is captured by camera 20 as an



nighttime and displayed upon monitoring/control screen 54. As depicted in FIG. 3B, infrared camera
20a has acquired flame 56, and working in conjunction with camera controller 22 of image processor
24, target box 58 is inserted around identified flame 56. As depicted in FIG. 3A, the same image
depicted in FIG. 38 is shown from the visual perspective of a visible 5 spectrum camera 20b, which is
depicted as an un-zoomed, charged-coupled device (CCD) camera. Target box 58 is also depicted on
FIG. 3A. [0058]In one embodiment, first camera 20aldnd second camera 20b are separated to provide

different angé&l%ﬁ%iﬁWﬁr% Q,am,%cﬂr%ayq}lﬁmﬁmeﬁé dpf é@éﬁ%@lﬁtcﬁ?é&ﬁ%ﬂ@éﬁ%@%@ﬂ@ﬁ%gﬂd
camera 20b maé be positioned to provide an appreciable angle of separation 10 between them to

capture the iMhdB DFTHEIRS BB tirSaugimbhgidmactSrRfrasts AArY a0leash AR DTIRRS §1P4csTHE

separation alipwister ab ipastisartamerandie Gamise tamea S bensling-anay fremdhe, aigcamera
20. The appreciable angle HEUSt be .sufficiErlwt to %{,ovide data for three-dimensional model

A ing.
[0059]WhenBRTSTSVIRg SaRaPhs 20" ERRRE S 2bSHI FIREAGAS tRE WS ¥i8als Hla édl.‘gs'”ﬂwe
magnificationmbftamsrbthincteases thebisnif etcafrphotenshseeribydatheral 2@, thereby4nargasing

f[he number ggéjas&et)lgfpi%%%n%%%al&gn eﬂé’}gt'fe sqecmc mformgot;l,on. The Iarr%ef(rénlgr%p%ru%‘lljsa%g pixels
increases the statistica

sample Size, erebi}%nélrnélglsﬁsnlaf’th%) preg?g% "of the évaluation and predictive
capability. [0080Hn thitcemibedimiersasimgeasongr Aigorétearierascanzidamédiscontioiier2Rewitieprovide
20 instructions 10 Msible, SREFY URCAMERRIsAN ILGANILS IS IMA0S WD IAEL DOX RS AR fepicted

in FIG. 3A, or to zoom-in on target box 58 and capture the image. FIGS. 4A and 48 are similar to

FIGS. 3A anfr 3B esieeisPARim O S EsE ot vBady idehtfiabldae visiohs dyeettuid caiferaols infrIG. 4A.

Howevegr F'@et%%ﬁg@fﬂf&g%ﬁ% %ma@i%@@%@ﬁ@@m%@@%m J&H;ﬁlﬁ@uﬁ,fau&,ﬂt&iﬁepm lar visible
spectrum camera utilized, and the power of image 25 processor 24 using image processing
algorithm zeﬁgd/ﬁféﬁ%%%ab?&ﬂn&ﬁ%ﬁéﬁeél Harg 15 %ﬂmﬁ&sﬁmﬂ? itk environment 16, or the
background fitadjenceseit Ok aesthetipilatdss inpeithe s casersidlimage podpessingralgafiths 26

identify bour}g)anr_liq(sem of flame 56 and electroni&aélyar%gnove% backgtr%gjer{g‘grgnﬁrma}g%htherj%%Iimiting

the spectral INfOrmation 1o the ctial Hame 56 Infrare i%tﬁtlh%%pto éfmirie the’Size ‘an 0ape of

the flame forasoi@rvlfeefs‘sngt Eﬁotfﬁi] ﬁdna;edimiQm@afrdkﬁfran@di@amgrasfarélwafehsémﬁomﬁh@tioamera
20a, but any;specteu.choice will wadkdncliding mig-ywayvelength, nfrared; andilongsivayelength
infrared. The boundafies established by using mfrareg are comparatively used with the 13'visible

spectrum to ekl ey eliisiblerart Aurginsandiionsagainst one of image processing

algorithms 2@d@@sce the Raskgroundisiemaved fiemethe capturedinagsmthe infrared/ngasipfrared
allows for image processilngg that shows soot or smoke leaving flame 56. Individual soot particles

making up tH&'$¥tké el Erfttdtu d trinstRApfat R TRAgeTt 16 reduces the workload o image

processing algorithms 26. Thus, the discrimination of the visible boundary between flame 56
20 and the ambient environment 16 is easier. Depending upon the particular application, it may
be desirable to employ short-wavelength, mid-wavelength or long-wavelength infrared.
[0056] FIG. 2 illustrates a computer-displayed infrared image of flame 56a captured from
flare 12 and having color striations represented by the lines in flame 56a. Also, illustrated in
FIG. 2 is a computer-displayed image of flame 56b, which has been processed fo subtract
25  visible ambient environment 16 therefrom, thus presenting a rendered image of flame 56a. As
in flame 56a, color striations of the flame are represented by the lines in flame 56b. Although
the color striations are illustrated as lines in FIG. 2, some flames will produce turbulent eddies
and dense bundles of colors, which create non-uniform color images within flame 56.
[6057}  As illustrated in FIGS. 1 and 3A-4B, camera 20 includes first camera 20a and
30  second camera 20b. In this mstance, first camera 20a is an infrared camera 20z, and second
camera 20b is a visible spectrum camera. Both cameras 20 are focused upon the image of the

flame in flare 12, or burner 14. FIGS.3A-4B depict both cameras 20a and 20b in use at



5 wavelength infrared or long-wavelength infrared can then be used to identify pilots, internal burning,
hot spots, soot build-up, temperature irregularities, etc. With a multiple-CCD camera; camera 20 can
be a single lens system. 100621In the case where a plurality of flares 12 and burners 14 are being
observed against ambient environment 16, imaging system 18 with image processor 24is able to
operably 10 discriminate between each of flares 12 and burners 14, and provide adjustments in
real-time through automated flare control processor 34 and flame generation system 46. For example,

many flares 1z andior PUIREIS L4 HHUZS SRR Lo AFRAURIGN SONUQIRLINE/ABRs THe GaRIEa) input

functions for the steam and air'systems are part of flame generation system 46. As determined by
feedback coRfOFIBGYBRAABEMHE B SRotIatedeasIEHidN S tBa AN Ei Ah g &FESiRpRItter édritfolled

and adjustedageording:tethe analyzed sendition:of are.d3rRndiuurner 4 Abhissanae Progess

allows for control of all flame generation system 46 elements, including flares 12, burners 14, and
pilots 48. Wit 15157 81fy BétarERIsRd il ih SR Bros iy A rRATRSE MUt
capability; forsiséatgrilatioieef dutngesinith depiaeingrecamesanél, Usigemudiipledcamearas@y different

values are mocrlrl}JIate to m nip. ateldiﬁ;%rentt 5%&'?58531/% and/or burners 14. [0063]The analysis of
flares 12 and7dr Bamers 14’ inc ud%au%cingf?fﬁgge procéssor 24 to qualitatively and quantitatively identify
the various ciiidRlonsiimpactimypqiriermdmee canekingdxpardtigdnhicanaty SE)intod nsiractish s

provided by siomelsate anie| Beosssara4 o dame ganeraton sysiem 40 Bineg eglorpased

qualitative and quantitative analysis from 25 image processor 24 provide: Input to automated flare
controller 34 apfettsesshEaetermitratisiys o rriamengérieratividsysternf e fbceasily iaderaTigs, flare

12 may fie chapged %&eﬁﬂe%ﬁ%%@ FRAISHIONER adMinimumndvhlemainiainiog fighdgsruction
efficiencies. The input to flare 12 and/or burner 14 of air or steam is reduced as needed. [0064] This

real-time adj@&HRENUEISH JrovidBs fiRHAEsaERY adiistinbsats 6515781972 36 HhamsrbaEra4othereby

negating the sievalopmentiohsmoke.ar athefudesiiedpansiionam diesrusttheR isnamiphrient
lag-time associated between the input to flame generation system 46 and the particular gas, air or
steam input 6‘8%%}",“ fﬁ%ﬁ@t%lﬂﬁ?‘gn&% 8Eprocessor 34 determines the best time interval for
changes to tH@ipayticuldiegasn gl onstearsran (it iconttod. zb4n0D6&jbhetianfilysisaedflaradidind/or

- bumer 14 prayides, analysis.of flame. 88 andpravides srfieal nformation (o the, gperalar as (g yhether
flame 56'is growing; decaying, out, or'in a Steady-state. In cases where feedback control oop%S
identifies conditiersenghbyentiantest 2favmiide ixakrchathinvesuidesirpdecondiiomrbdoperbtidagararning

. system 60 angh ieeprder,ple pixels increases the statistical sample size, thereby increasing the precision
of the evaluation and predictive capability.
[6060] In the embodiment using two or more cameras 20, camera controller 22 will provide
20 instructions to visible spectrum camera 20b to capture the image within target box 58, as
depicted in FIG. 3A, or to zoom-in on target box 58 and capture the image. FIGS. 4A and 4B
are similar to FIGS. 3A and 3B, except flame 36 is not readily identifiabie to visible spectrum
camera 20b in FIG. 4A. However, FIG. 4B depicts infrared camera 20a clearly identifying
flame 56. Thus, the particular visibie spectrum camera 20b utilized, and the power of image
25  processor 24 using image processing algorithm 26 is mmportant to properly image flare [2
against open-air ambient environment 16, or the background of an enclosed or aesthetic flares.
In either case, the image processing algorithms 26 identify boundaries 64 of flame 56 and
electronically remove background information, thereby limiting the spectral information to the
actual flame 56. Infrared is utilized to determine the size and shape of the flame for
30 processing.
[0061] Infrared and near infrared cameras are preferred for first camera 20a, but any
spectrum choice will work, including mid-wavelength infrared, and long-wavelength

infrared. The boundaries established by using infrared are comparatively used with the



5 40 are available to provide notice and feedback to the operator, and to memorialize the event. Notice
and feedback to the operator can be in the form of audible ‘signals, electronic alerts, and/or visual
gueues. Memorializing the event includes imprinting the date and time upon the record, and
transmitting that record to recorder 40. [0066]Other representative examples are illustrated in FIGS.
6A-8. In FIGS. 6A and 6B, 10 smoke 62 is illustrated in conjunction with flame 56. In FIGS. 7A and 7B,
a clean flame is illustrated. FIGS. 6A-7B show flare 123having flame 56. Outline 64 indicates the

boundary for theb:flrea of inte e%t %solat d by infra gd camera 20?. After outline 64 is estalgljshed,
VISt %ip cirim to dermt 1V§ 1gents nny € Vlg e aaca I ev% atro ar%aénst one ¢ e
camera controller ocuses camera 20b uporr flame 56 and outline 64, whereby camera

captures the jmz_scge;imgfkagmeitﬁﬁmo’iﬁmélge_eptbcéwsl_rgomdhe repmsér_ﬁativehex_@mkes, ithespixbis are 15
grouped accqraing i, (hejr £olof 1&8@&%%{%%9%P&HLQSEM%%%%%S%%?LQ‘%EQ'1‘3 29 g%&% ihe
number of each pixel in each group. As sho the representative examples, Flé él Mlustrates a
flame that is prévidiag siwokarasies hmskantarie heatinpkatirofogdcSihitareasIGbEBHastritss a

flame proﬂu?m&éﬁ}%ﬁﬁ ﬁ'ﬁ%@@‘@ﬂ%ﬁgﬂ@@@_ﬂfx@“%fﬁaﬁ&o&g-ﬁ@m' @&9@&%"&&%@% Eﬁbéﬁ%%ﬁé‘l‘?sn&te
a flame quality ratio of 0.53 and 0.54 respectively. FIGS. 20 7A and 7B illustrate a properly burning

flame. FIG. 8TiEft&tdh HiUperfP adtatedrdHane iuin e BReWRHISH i%e qUdRty Fati BRI draph
superimposed:thergeamil087 ae sanittl systam«H) and the method of use are sufficiently robust to
detect flame g}flar 1% an/orPurner 4('Ln yaigigus oggn-gig}ambie en ironmegntal cdg%jitions, and
semi-encloset OF AestHett fiaied é%ﬁ&s%&rfl "thEsd Eine SRYirSHENnta Lo Rato RS E LT %§§mp|e,
open-air ambigrtienvironmental dénditiegsgncludm atfh edgharieceonditions cotisistirgtof gleabskies,
cloudy siies. Jain, SaW- Slgeking, gt and sqmbiaiens heract Algeritms, and Sxamples,
[0068]Image processing aﬁ?gorlt ms 26 are mathematica expressmll)‘ns (e.g., using plxe1 coloration) and
are used to pruviesh serforptethterparairsiprec8din Hetdrivor decnoris 3Gisiyrids Borsxamate,

automated flagg coRtrUer SYsiem SehRRd flam g Rition Sy eaL*R Cammaks: fHacHong! cepirol

changes in the delivered air flow to the flare tip. The algorithms allow for precursory indicators to be
identified ancPevaNhAbeHt Syeritatien fiigesanA e in SECTBS FFePe pefracsedwsiHore iy

realized. 15 [QOG8}RiRLdeVTRgRAtIOB-AN avaiAtianialiewsibrHaneayalibesatipgithaibiugdight
concentrations to be comé%%red to fr%ctio s of red and ﬁ%een light concentraﬁi ns, and possibly yellow

d
light. This flarltB'YEETEPPHRUSE THEARBHTIAE O Ve Hitetalwtr d g e Sthfietic Ar pig, burter

14, This same process allows for control of all flame generation system 46 eclements,
including flares 12, burners 14, and pilots 48. When a plurality of flares are evaluated, image
processing algorithms 26 include the capability for triangulation of images with one or more
camera 20. Using multiple cameras 20, different values are modulated to manipulate different
20 flares 12 and/or burners 14.
{0063] The analysis of flares 12 and/or burners 14 include using image processor 24 to
qualitatively and quantitatively identify the various conditions impacting performance, and
incorporating that analysis into instructions provided by automated flare control processor 34
to flame generation system 46. Since color-based qualitative and quantitative analysis from
25 image processor 24 provides the input to automated flare controlier 34, precursory
determinations for flame generation system 46 are easily made. Thus, flare 12 may be
changed as needed to keep soot/smoke at a minimum while maintaining high destruction
efficiencies. The input to flare 12 and/or burner 14 of air or steam is reduced as needed.
[6064] This real-time adjustment step provides the necessary adjustments to flare 12
30 and/or burner 14, thereby negating the development of smoke or other undesired conditions.
Because there is an inherent lag-time associated between the input to flame generation system
46 and the particular gas, air or steam input control, automated flare control processor 34

determines the best time interval for changes to the particular gas, air or steam input control.



5[007010ne of image processing algorithms 26 compares on-line light concentrations to a
mathematical correlation, providing performance parameters 36 to automated flare controller system
34 with the appropriate functional changes to the flame generation system 46, as needed, to modify
the stoichiometry of flame 56. Infrared may be utilized to isolate flame 56 under any conditions, and
the visible spectrum is then utilized for analysis. This same infrared 10 capability is used to isolate
flame 56 for evaluation, which is then used to further'determine pilot burner status, as well as whether

flame 56 is Sf@t‘iﬁgied fRde Ngibogymitihe:flare/up Juiameas Heaab: %@@M%&h@ Hare4p can

damage the structural integrity of the tip over time. Utilization of an infrared detection device as a
diagnostic toBIVA S ERILSH) ARERRHPETAHESIPRBRI98 SRS GHASRE RO & 5B Wisifks HARE: CBlhtrol

system 10 top@sitiondismeadoiinciiihenerpeedaa ebthe tip s piouros raisdtiaws 08¢ 1By way of
a non-limitini examplg,ﬁone embodzi:%%nt of the process of detection, includin%fusing one or more

image procedSiABCAGSHIRFH L8R ég?dcfgﬂ%?g%%{ RS PO R SYSITPAPE PR e s olates
flame 565 captusesdheliblagepbfideenddconbdmedibhdk anchelestranically comenuniehtestthevimage 20to

image processaor 24 e ima ocessing algorithm 26 ipserts.an infrared ima oundary around
farmb 26 OneA SR D BT e T o Bk e e R B Py 0
from the infrareldebased captosedivmage! RO He Freyansrodessimgeigotithmercadé témmimes the visible

spectrum, th?é&g}ﬁ,%Wxﬁﬂﬁﬂ}@iﬂ@%‘éﬁ@&ﬂ@%o%@?ﬂ@age processing algorithm 26 compares the

visible image to the infrared image boundary and removes the difference between the visible and
invisible infradf¥&Sleavitgesntpieientiaia s mipkpikme Sh:SoaoRdihiie plodesding@iyoritsnd 26

separatgg angheRUBES IGICANKS O e Rixelsdrem hendsiale imagesirom ihe applicable Al is
spectrums, thereby determinifglt% the flame quality ratio and its_relationship to precursory smoke 16

The flame qUEHE#5ib &S50 P( Ho I EY7Idre ESRFOIEPS 2 Sw ALTERE CShiPYI4Go M R BB mine if

a change is req witeseandifisesiisoride epirgelive iaputdaflamdigentiati@n systeiiidted, camera
controlier 22 focuses camera 20b upon flame 56 and outline 64, whereby camera 20b captures
the image of flame 56 for image processing. In the representative examples, the pixels are

15 grouped according to their color, and a pixel counting image processing algorithm 26 counts
the number of each pixel in each group. As shown in the representative examples, FIG 6A
illustrates a flame that is producing smoke and has a flame quality ratio of 0.34. Similarly,
FIG. 6B illustrates a flame producing smoke and having a flame guality ratio of ¢.36. In
contrast, FIGS. 7A and 7B illustrate a flame quality ratio of 0.53 and 0.54 respectively. FIGS.

20 7A and 7B illustrate a properly burning flame. FIG. 8 illustrates a properly aerated propane
flame 56 with & flame quality ratio bar graph superimposed thereon.

[0067]  Flare conirol system 10 and the method of use are sufficiently robust to detect flame
56 in flare 12 and/or burner 14 in various open-air ambient environmental conditions, and
semi-enclosed or aesthetic flares exposed to those same environmental conditions. For

25  example, open-air ambient environmental conditions include atmospheric conditions
consisting of clear skies, cloudy skies, rain, snow, sleet, wind, dust and combinations thereof.

Algorithms and Exampies
[0068]  Image processing algorithms 26 are mathematical expressions (e.g., using pixel
coloration) and are used to provide performance parameters 36 in the form of electronic

30 signals 32 so that automated flare controller system 34 and flame generation system 46 can
make functional control changes in the delivered air flow to the flare tip. The algorithms
allow for precursory indicators to be identified and evaluated such that changes can be made

to flare 12 before soot/smoke are fully realized.



Additional image processing algorithms, and/or control algorithms provide for secondary assessments
such as pilot 48 status, temperature of flame 56, temperature of flare 12, burner 14 or pilot 48,
determining if there is internal burning, etc. Operational Background [0072]The following describes the
operational background, theory of operations and how 10 the inventive control system is utilized in
connection with flare 12 and/or burner 14. The reference to flare 12 is used below, but it is understood
that the reference to flare 12 encompasses burner 14.5[0073]The inventive flare control system 10 is

utlized to hefgyggpure-{hat faresd2ion dneluding:ateam flares andiair fiareskeffestivelyand gfficiently

operate to destroy potentialléq:jLS undesirable constituents in the flare stream. [0074]The inventive flare

control systefAMEOERHBE WsetBIELE Saany Warire iermd SeamgsiAEpEsL enARESHIY
precursory datasamae. used infaedback caniral irep38pidare 12 teimadifv thesiaighiametsy of the

tip for optimum combustion and destruction efficiency. The system can reduce over-steaming and
subsequent Hiftitfon using statistical processing of 20 visual images by looking at flame color and

luminosity ngedhe flame Wamieresampig, dightereoldsscishified toware e blve spestsumpand the

absence of or eat!%.re uce Iuminosit}/ can indicate flame detachment apd ovedr- teamin% Pr a

111, Fm 1 correlation., Qv d%%ger ombaln.c%dpﬁ%‘ame ers . 10 aytomate are, Cont 1 Cr, .
degree thereof Flame 56 eventua eco invisipie € near-infrared as too much air or Steam is
applied. Durisgteiufid neidotiditionsptnetgdometmabdichamges5® ithth8ansiblenspectruspscan Be, identified.

As 25 flame 6 Become JIgRIe. Siﬁ%%g{@? ' pl flame ﬁgfﬁ%ﬁf@ﬁ&gﬂg J'tﬂﬁ%&i?@ NRIRY RGaIng to
move away from the tip. Fof such situations, the air or steam is re

e ol _ S ced to flare 12 or burner 14 to
reduce the dib#ReffeerdDOTHARdShgetitth infrast traric!ss atitiredeiit soplavien Tiie mals niitins flare

12, a flappmahle. mixiure eeds ioibe achievediand andapitiomhRreUceis neafeddrdarite theid0

mixture. Flare 12 typicallgjgaintains several (e.g., three to four) redundant pilot burners 48 for ignition.
Burners 14 rBHCl GMERHEdeVe etistife ity nftishskdihigedidngidsidsIB9Rvné Bt it a flaring
event occursriAmndgu tiReseuEeR Mustiaivayskeip\ailoditiioflaeestdetural integrity of the tip over

time. Utilization of an infrared detection device as a diagnostic tool can add significantly to
the life expectancy of a given flare tip by using flare control system 10 to position flame 56 in
15  the upper area of the tip during purge rate flows. -
[0071] By way of a non-limiting example, one embodiment of the process of detection,
including using one or more image processing algorithms 26, includes:
e Camera 20a, an infrared or near-infrared camera, isolates flame 56, captures
the image of flare 14 or burner 14, and electronically communicates the image
20 to image processor 24
s  One image processing algorithm 26 inserts an infrared image boundary around
flame 56
¢ One image processing algorithm 26 removes the background of ambient
environment 16 from the infrared-based captured image
25 e One image processing algorithm 26 determines the visible spectrum, thereby
determining the visible image
¢ One image processing algorithm 26 compares the visible image to the infrared
image boundary and removes the difference between the visible and invisible
infrared, leaving only the irue visible flame 56
30 * One image processing algorithm 26 separates and counts the colors of the
pixels from the visible image from the applicable color spectrums, thereby

determining the flame quality ratio and its relationship to precursory smoke



or flare 12 can no longer perform its job. The inventive flare control system 10 is used to 17 ensure
that the pilot burners are lit and ready to light the flare should a flaring event be initiated.
100761Problems have been noted when the combustible stream is either over-aerated or substantially
diluted such that insufficient heat energy is available to sustain flame 56. When 5 over-aerated or
over-steamed, the combustible gas will not light until a proper stoichiometry or velocity is achieved.
When over-steamed or over-aerated, the flare tip caﬂ-@lischarge dangerous gas fractions into the

environment. Such congditigps gig.esheaillyRIPRENANGWINGRES AR PUGR LS fows,gLlagk flows.

This will continue until the flare gas volumie is increased sufficiently or the steam/air injection is
reduced such that a comb&iiBe peeivens SetaHNs déhteveardpd stEsiized. OfcH agairrakiee

inventive flare control systepp.dQiie UsediomRasure-thatdheRilghlirners are lit and ready to light flare
12 should a flaring event be initiated. 100771As the temperature of flame 56 increases, it will become

more luminous and emft ligridiitH tHeSHHIE SHREMEAT RS T ARES S UMY Aerds e i e dpfacity of
the fan, flame 15 56 then hecames mREeARAENERIN an atpsEhenaairtosemplete pxidationel his

creates rich stratified zones within the flame gnvelope. Soot qr smoke typically begins to form in flame
56 as aif constiaints and PN BAIAE e L 1 b6 PAS ot KRR 5T 4 S T i
usually a darkening of flanarb&ignmhich can typically be seen by the human eye. 10078]In accordance

with the invention, it has been discovered Et}at C(gntrol ﬁg@ eosuggn be 20 made to the air and/or the

steam based on information created by a hlgﬁrgelﬂﬁﬁlon, color, or black and white camera that uses
grey scale. {8 hisolbednl istaw deed itirattte rpinetiotisbadisirefiedn S 6yoelcopne pronrnéhband

more coprenfataddustPEIRIRING Jare:i iR PEGNSHQ GIRAIESORLA! BIOKS. AT hesnet gad smoke

become apparent, color shifts become visible within the flame, which indicates cooling. This is shown
by changes iff &0 Esfors o 25 frhriel 356, Rvting ishiressreirpth& piubesprietriRs tthlsTovieér
temperature ggehaRRSIEYBLaMe 56 becomes populated with darker orange-to-brown colors just prior

to smoke formation. It is at this poirsﬁ%?cipien_t moke can be seen formi qé)within th§] boundaries of the
flame. This cBibfbecotfes HEHESE JHHF theEoEYS BRI el tHEHTRE L2 Ropetis (M Hré B away from

the main bodinofuiliatpetbanial pradindetrdiling siffektyveR. Mitbfeddiiionagas flodeand noiehgrige 30 in

air, the ftboichio&netr' relati nshi[p there etw%en decreases and the trailing smoke 62 increases. The
L Pn esira econs?;{uen 5 1 £ f'ufe § rear{l. . s . .
air is basically afixed quantity, or at least asymptotic with increased gas flow. Once incipient smoke is

achieved, thd0#z#ling Simo ke euilivien Breasenivithsasiditi dfalfubkfloed t1d @rovide an early warning prior

to sooting of flare 12, and that precursory data can be used in feedback control loop 38 of flare
12 to modify the stoichiometry of the tip for optimum combustion and destruction efficiency.
The system can reduce over-steaming and subsequent dilution using statistical processing of
20 visual images by looking at flame color and luminosity near the flame root. For example,
lighter colors (shifted toward the blue spectrum) and the absence of or greatly reduced
luminosity can indicate flame detachment and over-steaming, or a degree thereof. Flame 56
eventually becomes invisible to the near-infrared as too much air or steam is applied. During
dilutions conditions, the geometry of flame 56 in the visible spectrum can be identified. As
25  flame 56 become lighter, the attachment of flame 56 suffers, and flame 56 visibly begins to
move away from the tip. For such situations, the air or steam is reduced to flare 12 or burner
14 to reduce the dilution effect.
[6075] In order to initiate flame 56 at the exit, or even internally within flare 12, a
flammable mixture needs to be achieved and an ignition source is needed to ignite the
30 mixture. Flare 12 typically maintains several {(e.g., three to four) redundant pitot burners 48
for ignition. Burners 14 run 100% of the time to ensure that an ignition source is available in
the event that a flaring event occurs. An ignition source must always be available to flare 12,

or flare 12 can no longer perform its job. The inventive flare control system 10 is used to



Without some input and change, flare 12 and/or burner 14 will continue to smoke with more
pronounced smoke as fuel is increased. [0079]In some cases, this same smoke 62 can be-created by
fuel gas that is blown away from the main body of the flame by crosswind issues. The surface area
presented by a large 5 flaring event can easily create an appreciable zone for crosswinds to break
sections of the gas away from the main body of flame_56. When this happens, it can form either dilute
zones without flame 56 or rich flame 56 zones capatﬁg of producing smoke 62. When low purge rate

flows are disgharged.uRclerusnblantrresstiesdheanind cameanindiuigand stiprawayhe be

unoxidized fuel fractions to create situations conducive to unwanted/unpermitted emissions. 10 [0080]
When leaks Wtﬁﬁﬁe rate flows are encountered, a gust of wind can have a significant adverse affect
due to low gammpmMepisBnrBagaésAyicallyhuorant wier e Mrand ilisebdn the-winddgtream.
When blown away from the ignition source and flgwing air/steam, th S can.escape idized.
[0081]Field-t%gﬁf?&tl?ﬁ’ﬁfaﬁﬁ&%%ﬁ%‘]hs%e‘fﬁ Al ﬁ%%ﬁefﬁgt%ad’i%é%%égp%r%%% mc?gan §¢ 5‘\@‘%& by
looking af theitameatdatityoraticitiracatiecfdnlbespiXelgato whik nedah grlen piiperfieddehestingywas
done with  smolingand ngnssmoking fiare. o delRiiyng Wik numstieakRomtatyieh the fage would
begin to smoke. The visibfe portion of the electromagnetic spectrum ranges from red to v!olef,’ red
being the lowlengemperatdrecéoms oftthbe/isibiepentrdchaerndiotas ar od iRy thetigheith
temperature I%E&&ft%‘%lﬁ%@%é%&é flameb8Rrcomes R undsisteamediagiated ok Qvslzagrated or

steamed (quenched), flame 56 will begin to form soot/smoke. The solig?ﬁarticles of soot formed inside

flame 56 will B0 BIBSKHCHE RIRRISRAEHT MR BB i phaddcye] iha SHIBRY B Rittin the
visible spectrdmy, Thsdnaassiaieimevenieit amthadiveane vialet @hdaf sheeapectiumdo the red

and yellow end of the spectrum indicates this scenario. In many cases, this cooling of flame 56 can be
25 detected 855&%%%?8%9%%8%%@5&%%% & iﬁféai% ct80r?§ rﬁ%E%rJistjt .Shioﬁl?é?eaff@% 1?3%5?8&3’ due to

lack of oxygenitiatedue to the quench effect of steam and air, or air as it cools the flame by dilution

(over steamiffy o< SsShe SiIS0eZimpana pysem A s abledosee e shifpgoi o shits
in flame temperature on a Seco -%y-secon Ba5|s, or fraction of a secon asis, if required. The
pixels are 30lighmpehedtagaisibicaspentrericat aliponichth aowinbeceifznbes omeimaiérolstelmmer air

rates before I Sda% 0} [ n : BA-9 are
represe%?ativggegg(‘lzglr? glcégg%%%g?ﬁe fieId%tﬁglgtg}.f%@?(%%%%?ﬁ%ﬁ%%%%%&%@%ﬁ%ﬁ?ﬁ rl%lé)gﬁbcﬁ ng a

field test of figratified siwrerdtinbceiammepsiratof?USTHES: BRIFER besnara Seebiuieaifiera
20D, the flamgs wag;repaatasiy QuHinethand Gapuiredbm imadingesysteridt §omhieksinithesimages were

subjected to image i } . i

there is usually a darkening of flame 56, which can typically be seen by the human eye.
[0678]  In accordance with the invention, it has been discovered that control changes can be

20  made to the air and/or the steam based on information created by a high definition, color, or
black and white camera that uses grey scale. It has also been discovered that certain colors
within flame 56 become prominent and more concentrated just before the flare tip begins to
create soot or smoke. As the soot and smoke become apparent, color shifts become visible
within the flame, which indicates cooling. This is shown by changes in the visible colors of

25 flame 56, noting shifts from the blue spectrum to the lower temperature red spectrum. Flame
56 becomes populated with darker orange-to-brown colors just prior to smoke formation. It
is at this point incipient smoke can be seen forming within the boundaries of the flame. This
color becomes denser until the point is reached that the area appears to break away from the
main body of flame 56 to produce trailing smoke 62, With additional gas flow and no change

30  in air, the stoichiometric relationship therebetween decreases and the trailing smoke 62
increases. The air is basically a fixed quantity, or at least asymptotic with increased gas flow.

Once incipient smoke is achieved, the trailing smoke will increase with additional fuel flow.



processing algorithms 26. The resulting performance parameters 36 were communicated via 5
electronic output 32 to automated flare controller 34, which provided control input to flame generation
system 46. [0084]Referring to FIG. 10A, the time history of the field test shows the camera output
signal in terms of the flame quality ratio plotted against time. FIG. 10A also shows the computer
processing of camera 20 output in terms of flame quality ratio plotted against time. 10 Referring to FIG.
10B, the time history of the field test shows the predil:%ive curve of flame 56 in terms of the flame

quality ratio atied, agaInghHMend DRI HEIYE CUNMRIDRIG: 19B MAGhGRING MRASUWSE lyxes of

FIG. 10A. [0085]Utilizing an image sensing device as a control system in accordance with the
invention caiM9ByBEH b e st owirfgeasd SUAL LIGHT VARIATIONS FOR CONTROL

[0086]When [ngeg@tingrg‘ a1 el ZasRanHallyarite Sty %@%‘éﬁ%%@e%’éﬂ%&oﬂmﬂg&olﬁﬁtWétBiB%QiM%? flame
56. As flare 12 is about to smoke, flame 56 becomes darker and also has distinct colors relative to the

area where SHBKE® DS I BE FomTed, Hiaread iy fas DeSH TSR ot PETEH BirfpRarying
the stearh orfifitQ suppress:asN0ke: 20 {HABHIARIRaga:SkAsIg:SHsIRM Biciagingnsystémks, can be
used to mainain the same,color actipng/definiiqnas i viewed by the human exe: This allows the
same logic and deciSion processesf/to be nitiated With an image sénsing system for SMmoké négation to
achieve autowidiad emtrob Bondx@mple pthemimagetdensingdsysiesmodn 62 USeehtprowigeritput to

automated fis, caplrol SYSIEIH Hhio oRen R sanitalacalye Ihale ISR FCARNGR M G 25 on a

g
vane axial fan to offer more air whenever smg}ﬁre Is sensed. In either case, a control change is more
calculated and®atizse feldets Briastahetiainasaesiedvsyoaufiaientyd Therebiishprotiing the

effectivanesggigiiare 1&,anddhe flaretine Vigry piReisechapesssan be madsta.antivigeriame quality,
stability, and destruction efficiency. [ O§8]Similar to the human eye, imaging system 18 is able to

discriminate HERHEAR 36 587 iRt atr HOLCS ek ATRAR WIS bICRSp &t ity RiF ity 48! tRBSRsible
spectrum, imaging System 18ts abigl areperatehisaideaskthe Rfared ancineatirfeared spaarums.

Additionally, Etlpr st%é ?t %i%rgstgag@sgg psepuelgz(;[}ritljgpzseasuch as ultraviolet, is only limited by camera
[0081] Field-testing of flare control system 10 has shown that a direct approach can be
15 taken by looking at the flame quality ratio, the ratio of blue pixels to the red and green. The
field-testing was done with a smoking and non-smoking flare to determine the numerical point
at which the flare would begin to smoke. The visible portion of the electromagnetic spectrum
ranges from red to violet, red being the lower temperature end of the visible spectrum, and
violet and blue being the higher temperature end of the spectrum. As flame 56 becomes
20 under-steamed/aerated, or over-aerated or steamed {(quenched), flame 56 will begin to form
soot/smoke. The solid particles of scot formed inside flame 56 will begin to block the
radiation from flame 56 to produce a flame shifting in color within the visible spectrum. The
measurable movement from the blue and violet end of the spectrum to the red and yellow end
of the spectrum indicates this scenario. In many cases, this cooling of flame 56 can be
25 detected digitally before flame 56 actually begins to cool significantly. This effect is largely
due to lack of oxygen, or due to the quench effect of steam and air, or air as it cools the flame
by dilution (over-steaming or excessive air).
[0082] TImaging system 18 is able to see the shift in color due to shifts in flame temperature
on a second-by-second basis, or fraction of a second basis, if required. The pixels are
30  compared against a numerical algorithm allowing changes to be made to steam or air rates
before the flame begins to smoke profusely, or becomes detached and unstable. FIGS. 6A-9

are representative examples from the field tests.



20 20 and image processing algorithms 26. The infrared and near-infrared spectrums are well suited
for heat signatures and identifying soot-particles leaving the envelope of flame 56. PILOT FLAME
VERIFICATION [00891An image sensing device can also be used to sense ranges in temperature.
Pilot 5 burners 48 associated with a given flare tip must st,ay lit at all times to ensure the lighting
capacity of the flare tip. In many instances, at least two distinct methodologies are required to monitor
and determine the status of a pilot flame for redundah%y. In most cases, these are done at the point of

flame 56, maygpgsservicing (e, sq4mRment gi i&H&t-l'éﬂ,Sdh?Hgll”&%lH‘?&fo Are 1PSqIR-Re maypted

about 200 feet to about 400 feet (about 60 meters to about 120 10 meters) in the’air. Image sensing is
an additionalmétHedbieom. determiiisl itansiotis rndssdeedraenior e Saniapiovdrorperedyound.

An image seqging-aPpIeagtcan deteciaqRilgltamednatdrastiRregdistinetwayscflstdhadmage
sensing device can see the flame. If a redundant system is needed, the temperature of the flame

shield aroundSit6Ei%E AP BEHIcHE urdlf BSSHARE OG 6 IRRISH DCSEREIFG JSIRGIESOBHERAAEFYFoD, or a

multi-CCPB casmetianif 1oihe shieldsatabeoterihanambion andcheyoda pugramipedisetpaint, it
can be assumed a pilot flameés contained. Confirmation can be obtained by using a separate infrared
camera in th&mid -Wél\iséfl%%tﬁ infrared or the long-wavelength infrared, which can sense the
temperature {84 shikidertiithedlBlie S auththéncohisalgysteim Setihdstath@lartheotsendamalarm to

the main confrol system. In some eases tgﬁat Erolis tem can. then automatically. ir relight 20 the
pilot until it is é]gektermintfea1 %h%t%ucﬁ an e‘% ort &ﬁﬂn%tpsﬁ%gag 69%%%? gniﬁ%né&i%é%qgéy%% used to
determine if ffQMpuSE IBaseriahedcdeerwithintebicibdeiynoiofhiéafizn auipity Mamel S8 bagribili zotk deep

within the,confings:af 1He1kin 1881ehsRAlCRNS Identiiet on.lbr.Qutalde,ShRY:Of IR, IR rdsing-he

control devices disclosed herein to move the flame from the interior of the tip will allow the shell to
cool, indicatiny FHEBSAYET S TE FEToPiGErfetisittlizitrpy IS iRtedisal i N1 SEBES
[00911FlamenfRfcgengeatedsbieasiearhorair flape 12 can be extremely small with respect to purge rate

flows. This S?&%J are %,can alsq produce an appreciably large flame 56 during an actual full-scale
flaring event. veRFIHPg8 fEnTE%E GERPSeq By alSt8a B! System in accordance with the

invention can be used to do the following:

15 VISUAL LIGHT VARIATIONS FOR CONTROL
[0086] When operating flare 12 manually, it is very easy to see variations in color within a
given flame 56. As flare 12 is about to smoke, flame 56 becomes darker and also has distinct
colors relative to the area where smoke 62 is about to be formed. Flare testing has been done
for vears by simply varying the steam or air to suppress smoke.

20  [0087] An image sensing system, or imaging system 18, can be used to maintain the same
color fractions/definition as if viewed by the human eye. This allows the same logic and
decision processes to be initiated with an image sensing system for smoke negation to achieve
automated control. For example, the image sensing system can be used to provide input to
automated flare control system 34 to open a control valve for more steam, or change the pitch

25  on a vane axial fan to offer more air whenever smoke is sensed. In either case, a control
change is more calculated and can be made to enhance the flame created by a flare tip, thereby
improving the effectiveness of flare 12 and the flare tip. Very precise changes can be made to
optimize flame quality, stability, and destruction efficiency.

[0088]  Similar to the human eye, imaging system 18 is able to discriminate between

30  day/night and hot/cold sky in the visibie spectrum. In addition to the visible spectrum,
imaging system 18 is able to operate in at least the infrared and near-infrared spectrums.

Additionally, the expansion to other spectrums, such as ultraviolet, is only limited by camera



30 air flare firing at a reasonable rate, a significant surface area for wind is presented. The pressure
associated with the wind is then able to push against flame 56 such that flame 56 will begin to move
off axis (bend). As flame 56 moves off axis, it also moves away from the high velocity air (and/or steam
and air flow) needed to properly oxidize the flame. Testing 21 has shown that the stoichiometric need
of a flare is significantly affected by the amount of wind applied to the surface of the flame. In some
cases, the greater the wind, the greater the stoichiomtric need to keep the flame properly formed and
free of smoke, .During. purge rate. flo appreciably-small flames), the wind can have a significant
impact on the AT Ko P B8 BT oess, i o o Ao B 2 LRGN S RN
produce a préesssimikearei ghatuikssandoidget fitzne e lar Wi ehin g orditivpiascirSame Yormal
destruction efficiency of flare 12 can bgygiggthndecipaspiitpelngented completely. Anything leading

to a reduction in destruction efficiency can have a significant impact to both the environmental and the
safety aspectd®¥the fipeiinefefvaPkdOIfR A8k YFthesaiedie SEeRIEpe I RT AB akdot

conscious depigins 4@ addnsleleta steamnanskai askaduirediPasiioning fanmese nearithedesign
mixing zone to maintain optimum performance. This is done to keep flanheég‘ free of soot 'OﬁrfrmeKe 62
when wind is ABBTEERHRS {B@%Wéﬂaﬁﬁr@ét?afésﬂéwgaé?% PEHTHROSE AT RAT ST B need
to be reducedreninpletel\diemaiatdin asfanmmabidaniduye fAgaiinnthedestruaticn efficiemey:ofrflare 12
15 ensures the gasses disc ed are properly oxidized, In many instance rge flows are more
problematic tHaT b B Tt EUBES MATred T SR re At s SRR
minor flaring évelrewitisiave sufficiethiafow With&ut imtehvention, fper e flans) castdoe idileftedt th2the point
of non-fliagmmahility Pepending,on.the minimusy [aaHiERd SIISRIRTRLY, 2:SIDEISSSF BYNb Y 1t
threshold, can therefore be detrimental to the operation of 20 flare 12. The inventive flare control
system 10 betshie s meiddse viayetpiohsione Bis sistintint GpEratiotas anhaenirphigpéster stitition

efficiencies. Algpeflarg controlsyataml A ansuresPrapenatRichiometic mixag scourledwathiproper
flame positioning for the most effective combustion envelo%e and destruction efficiency. [0093]Once

again, imagin§ s Y8R d NS AT i N PR RTAIIET Kfsthi Mangahisid 8 Brb Rifimel t8"dBsthe
same thing ameperaiaican-ed enlycmaresacciatshy aachndtburepea@hitiy. pticatimage:eaptiire

device 29 orca er? 20, can ob§erve flame 56 %ontinéjallg/ and ma adLustmelnts t% the steam or air
d‘3 é%oe snie 113 are otEer 1an 8111 1ent and beyond a programmed set point, 1t can be assumed a
flow to add additional'momentum an

pilot flame is contained. Confirmation can be obtained by using a separate infrared camera in
the mid-wavelength infrared or the long-wavelength infrared, which can sense the temperature
of the shield. If the flame is out, the control system sounds an alarm or sends an alarm to the
main control system. In some cases, the control system can then automatically try to relight
20  the pilot until it is determined that such an effort wili not succeed.
[6090] This same methodology is used to determine if flame 56 is contained deep within
the body of the flare tip. If flame 36 is stabilized deep within the confines of the tip, a hot spot
can be identified on the outside shell of the tip. Using the control devices disclosed herein to
move the flame from the interior of the tip will aliow the shell to cool, indicating the body of
25 the tip is no longer jeopardized by an internal flame.
WIND ISSUES
[6091]  Flame 56 generated by a steam or air flare 12 can be extremely small with respect
to purge rate flows. This same flare 12 can also produce an appreciably large flame 36
during an actual full-scale flaring event. For a very large flame 56 generated by a steam or
30  air flare firing at a reasonable rate, a significant surface area for wind is presented. The
pressure associated with the wind is then able to push against flame 56 such that flame 56
will begin to move off axis (bend). As flame 56 moves off axis, it also moves away from the

high velocity air (and/or steam and air flow) needed to properly oxidize the flame. Testing



mixing to flame 56 when needed to aid it in standing vertical. Keeping flame 56 vertical requires less
air to maintain a smoke free flame envelope. Balancing of gas and air or steam 30 must be exercised
to ensure air or steam used to stand flame 56 vertically is not sufficient to cause subsequent dilution
issues. A second evaluation is then needed to make sure the flame temperature remains within a
sufficient range to keep flame 56 unquenched and stable. This ensures flame 56 is not compromised
by adding too much steam or air. Constant evaluatiof! 22 with imaging system 18 and automated flare

control systam. 34, andiae GoEliRl Hlame aenesatonsystem 46 ensuregaeedflame £amkustion and
quality, as well as gas destruction within. DETACHED FLAME 5 [0094]As flame 56 begins to become

over-steamebtindh @riisd fatthy, Tt S6HAIMBBEIN ME0RY SAsricHIR Liptirards g therareRE sbilizing
geometry of agcHRynldi% RAENERLHSHE ﬂ@ﬁfa%%ﬁetﬁgh’*@rmuﬁipﬂé@ Sleame ienepdinLpnipnation with

dilution. Using optical imagPe capture device 20 in conjunction with a visible or an infrared lens allows
ﬂ%iﬁg

measures to B TaBRTRS P SPEHAABEE SRHAHD SHM Tt at A AR O S4B
mechanism @ghthe 30 flaradipfitas muph-steam aeair eab it flader S6-away fromdhe disgharge area

and create instability, When flame 5§ is visjbly lifted and. unstable due to being over-aerated.or
over-steamed, Xetfﬁ%igﬁ%yl?sné)o%%n gn%%@&? %%pi%h arr%rgés & fgi% et C Lérrsld% a (r)ggg‘%)r%%fg&wn
temperature dficitestyudtitar; éAsands thrat fyeloombesiomeffigeatyoofithectip idmydinaikedngttalso

avoids the 'Oé"’r%%%%'d‘c?ﬂ‘%é{ ARG "?Hk‘ié&? ghatad wi r‘s%’fﬁiﬁ%&ﬁ@%ﬁ&’ﬂ?b@% MYk P

EVALUATION [0095]Using an optical imagé capture device 20 in a fixed position (or unfixed position
in certain scénaiospalibnasiasigih dhsydrenmin gfsielalatevindgdpibtips SiHer e GpRar vhake

capturegevigeg0.6a8 AR cadRing the.hsr a0 exea cam 94 iaging sysiepo sSoisiabia i [ookdat

the design mixing zone to maintain optimum performance. This is done to keep flame 56 free
of soot or smoke 62 when wind s appreciable.
[0092] When purge rate flows are observed, the steam and/or air may need to be reduced
completely to maintain a flammable mixture. Again, the destruction efficiency of flare 12
15  ensures the gasses discharged are properly oxidized. In many instances, purge flows are more
problematic than when an actual flaring event is realized. If operators set the steam and air
such that minor flaring events will have sufficient flow without intervention, purge flows can
be diluted to the point of non-flammability. Depending on the minimum required
stoichiometry, a single set point, or threshold, can therefore be detrimental to the operation of
20 flare 12. The inventive flare control system 10 becomes the best way to ensure an optimurn
operational range with proper destruction efficiencies. Also, flare control system 10 ensures
proper stoichiometric mixing, coupled with proper flame positioning for the most effective
combustion envelope and destruction efficiency.

[6093]  Once again, imaging system 18 and automated flare control system 34 can be

o]
wh

programmed to do the same thing an operator can do, only more accurately and with
repeatability.  Optical image capture device 20, or camera 20, can observe flame 56
continually and make adjustments to the steam or air flow to add additional momenturn and
mixing to flame 36 when needed to aid it in standing vertical. Keeping flame 56 vertical
requires less air to maintain a smoke free flame envelope. Balancing of gas and air or steam
30  must be exercised to ensure air or steam used to stand flame 56 vertically is not sufficient to
cause subsequent dilution issues. A second evaluation is then needed to make sure the flame
temperature remains within 2 sufficient range to keep flame 56 unquenched and stable. This

ensures flame 56 is not compromised by adding too much steamn or air. Constant evaluation



a plurality of enclosed or aesthetic flare burners to determine if they are properly lit, if they are 20
unstable, and if they are breaking away (as could be the case in an Indair arrangement). Using -
automated flare control system 34, pressure can be lowered if burners 14 are found having problems
with respect to stability or breaking away. Burners 14 can be turned off in the case of smoke 62 to
allow pressure to build, or to allow the use of the low-pressure units. When smoke 62 is noted, the
system can track the amount of smoke 62 and note duration. It can 25 also keep frame shots of
the smokina, fipe IRA/IEL B Risteriaabyidanraas! AALBIMANG AR inagesRNAG ARRIOBERME optical
image capture devic Wwithin imaging system 18 offers the ability to maintain a visual record of any
event. The syiieAmiFseETa oeBYHSr, B10dcharr captneian takerligetime! Searpetia 8hot, or
image captuggsg log, record and preserve the image of the condition. Logging of the event is
important to 30 document all out-of-permit operations. Beca it can acknowledge smoke 62, imaging
system 18 can then keep an image record ]Waﬁﬁéuﬁﬁ as every one or two seconds, or
Wrr]]ateves tinegimiervahis Sahcuntilihesystent identifiessthanstokd G2 isanalldhger beingll 28ziormed.
These image records have the date and time sta tored therewit that. ' records
become an (HDiASed Hgto i@gw&ééﬁﬁ\%ﬁt%g}ca%%{gg%gﬁ %80%}‘1%? n%g@eg g%s@éé?ﬁﬁ%@}%%lﬂ%gld to
what level ofepascity thehsmoketachievisananettd whetgwenonheidxdilision réaitedpiketordigyly,
recorder 40 9&,{5&%%%&9@%@%%0#&;&@%9Q%?s%%-o@taﬂ RessURAdeRrediblirQfthe data

100971In most cases, sm enerated from a flare tip would be subjective to the person(s)
viewing the é@/@iﬁ?%ﬂﬁ@%ﬁ‘é@ﬁ\@a@éﬁ’eﬁp%d@%ﬁﬁ% Beoapruntigral tisiEagese e 56 Bfows for
improveg doﬁh&‘@%t.at’.{% o the acthabexgnhiorihamiengs andiarwihahe discharge area and create

instability. When flame 56 is visibly lifted and unstabie due to being over-acrated or over-

steamed, efficiency is compromised. Keeping flame 56 attached, and at a reasonable
temperature for destruction, ensures that the combustion efficiency of the tip is maintained. It
also avoids the low frequency noise typically associated with an unstable flame 56.
15 MULTIPLE TIP EVALUATION
[0095]  Using an optical image capture device 20 in a fixed position (or unfixed position in
- certain scenarios) allows imaging system 18 to evaluate multiple tips. Since the optical image
capture device 20 can do anything the human eye can do, imaging system 18 is able to look at
a plurality of enclosed or aesthetic flare burners to determine if they are properly lit, if they are
20 unstable, and if they are breaking away (as could be the case in an Indair arrangement). Using
automated flare control system 34, pressure can be lowered if burers 14 are found having
problems with respect to stability or breaking away. Burners 14 can be turned off in the case
of smoke 62 to allow pressure to build, or to allow the use of the low-pressure units. When
smoke 62 is noted, the system can track the amount of smoke 62 and note the duration. It can
25 also keep frame shots of the smoking tips to offer a historical video record.
[0096] Using an image sensing approach with optical image capture device 20 within
imaging system 18 offers the ability to maintain a visual record of any event. The system can
use a recorder, or screen capture, to take a date/time stamped frame shot, or image capture, to
log, record and preserve the image of the condition. Logging of the event is important to
30 document all out-of-permit operations., Because it can acknowledge smoke 62, imaging
system 18 can then keep an image record at set intervals, such as every one or two seconds,

or whatever time interval is set, until the system identifies that smoke 62 is no longer being



extent. Since flame 56 occupies a number of pixels, a percentage of opacity within flame 56 is 10
achievable. Further use of the frame shots, or image records can also show the amount of smoke
trailing flame 56 during extreme excursions. 100981A Ringleman Number is typically applied to the
effluent of flares 12 having opacity. The Ringleman Scale is a methodology utilized to delineate the
density of the smoke created by a given flare tip, and whether, on an individual basis, the permit was
exceeded. The 15 Ringleman Number, however, carZbe highly subjective since few individuals are

trained and know how.to use it properly..A Ringl an!%!~I mber.generator is, optionall t offlare
L e S e

images as thi@}awer@@v@&jbqq@weaim@t@é@wo@mh@i dervmens ﬂnﬁﬁa‘s’egi Imstdeina o sunaientetion
showing the %&ﬂ?'ﬁ%&éé@et‘o’%ﬂ&f r%i‘%%ﬁ%i@%@?&f&ﬁ&%&%@@ﬂ?%&@ SMOKS: andhbagk to the

point in time wheré the flare has the flame again in compliance. Each historical imagﬁ would have a

date, time St&RSB ST RIFIEMASIHEBET fSFEFtsSATbRIY SEhtnRIBAMEING BT TIE TG0 9

commonproplen-agsasirsiwitt evflareutip is burning inside the tip as the tip 25 sits dormant. In many
cases, there are thousands of feet of upstream piping f\%r a given flare system. In many caseﬁghe

valves from ANV diffdteROPréRESs et FEARHtbwity &mafcyBRHBY PGl ISH BreSstie gas to
make its wayptostinesflaieting THeezheavielzthansmategas syakin g dtsapay:tofthefiaiie: tipribamisilas up
inside the tipfor short durations. As the gas builds.up in volume, it will eventually reach. a flammable
mixture and TS TR ot AU 55 0 (o R U A e i BOE e b e bt
thereby increasing thiecHzamesbtoavillBscapena cOprolsts Phedypisaliicheaweritharfaingas then sits

inside the tie;angYTas viha RMGAleIRL IR A0 lonagbiseieainaiiadhaii: Theasqapdiions
smoke trailing flame 56 during extreme excursions.

j0098] A Ringieman Number is typically applied to the effluent of flares 12 having opacity.
The Ringleman Scale is a methodology utilized to delineate the density of the smoke created
by a given {lare tip, and whether, on an individual basis, the permit was exceeded. The
15 Ringleman Number, however, can be highly subjective since few individuals are trained and
know how to use it properly. A Ringleman Number generator is optionally part of flare
control system 10 and used for documenting opacity. This capacity could then be indicated on
the images as they are saved. These images would then serve as unbiased historical
documentation showing the chronology of the event from incipient smoke, through trailing
20 smoke, and back to the point in time where the flare has the flame again in compliance. Fach
historical image would have a date, time stamp, and Ringleman Number for the smoking
event.
_ FLAME INSIDE TP
[0099] A common problem associated with a flare tip is burning inside the tip as the tip
25  sits dormant. In many cases, there are thousands of feet of upstream piping for a given fiare
system. In many cases, the vaives from many different processes tead to leak, allowing small
volumes of very low pressure gas to make its way to the flare tip. The heavier-than-air gas
making its way to the flare tip, then builds up inside the tip for short durations. As the gas
builds up in volume, it will eventually reach a flammable mixture and ignite from pilots 48.
30 As the gas heats up during the day, it becomes more buovant, thereby increasing the chances
it will escape and combust. The typically heavier-than-air gas then sits inside the tip and
burns until a flammable mixture no longer resides inside the tip. These conditions can be

damaging to a tip if air or steam is not turned on to cool the tip and keep it from being



damaging to a tip if air or steam is not turned on to cool the tip and keep it from being 24 damaged.
There may also be issues with destruction efficiencies if the air or steam is set excessively high at a
mechanical set point to quench the gas stream and allow its discharge without being properly oxidized.
[00100] Imaging system 18 can see this small flame by an infrared or visible light camera 5 20, when
and if it is apparent. In combination with automated flare control system 34, it can then control the air
and steam to keep the stream properly oxidized withé#t detriment to the destruction efficiency of flare
12. It can alsg|e} operaians persgunelioon. e is A RGBICTMINIRSSAM Ieakageso gl
maintenance can‘ind an rectlfglt e problem(s). Together, these processes Wﬁ stop the gas that is
making its wayctssielfi&rehsyisterreebasiralisstrrring 19 QuskidliZbd grissenarenslaliied 6 dscapac[00101]
Configured apRrRRIgIRIY IBIRGNG:SYSIRM 18 and automated flare controller 34 can track the
temperature raﬁr;%e to which the flare tip is subjected. If the range in temperature becomes excessive,

the steam anl@f04lr dapgiagersaRdd GAtiISE O &Y TREE B G TRENRFS O AT Bl hEitAB T Re
system couldtheméeamanioRogipadeg &s donvhaliemperalias.ldl were Rskigvadidaonulangathe
temperatures were noted, and whether the temperatures were Lgcal@ed or.had ?i%r.ated \;Evit in the tip.
Proper use o fSYIPE! SFiGBT BBEIIAE IR BREBAMNYTRE IR BT Giosierd & i v Fslimgine Hitory of
flame visibilityeasusthasiiemperat deeadngl cautdsalko dpndiised it detet imioe ay grosvphodledecay of
the discharge flow from the tip. 20LIGHT OFF [00102] During light use of imaging system 18
technology ai)lvolk/i\%/smfosgr e g?/% Uation %F E’;l lr%aérétf gannf ?Ié:f;éj fgl%y%%%faeﬁ%gy&%%iop gji%%?ﬁglgr?e i?ga"’%éf\l/%% tip is
lighting off préperlyradtiization ebmthgedyabeid flaretentorsystetha faensurenthacassmgle ehtity or a
plurality of mé‘ﬁ)ﬁi?&&%@&@?%@&%&%@&'%‘E&Qp‘éﬂe in such a way as to minimize smoke and maximize 25

destruction efficiencies. An enclosed or aesthetic flare 12 system can have in excess of a hundred

burners 14. TR&IBEIn&renfiguied appfrisiniely siras b sevnrad anferBirisxbidis e dréidifployed.

Each headeryilk eReplayRAg.0¢ MALe RiloAS hsners tedightibrburnarsi4 angaschdigadensystem.
Ignition is initiated at one or both ends of the header system allowin ers 48 to light sequentially

bur
once the healféPSySEMRS Boptia e Rt 485 2 56n Pﬁnﬁ%fﬁ%do%ﬁbthﬁ f 5BPheTS 4 the titfie
interval for seguiendial dightinigyod alignediburoerk 48¢is kesy impodsingitva prapeadysopenptingusystem. If
a single hurner 48 fails to light in an aligned stage, the remaining burners 48 could take several
intes o ThE DG i fhal P e SRR S5k TR o SRR S SRR i spere
without beingerdipediyooiidined:a26 {00108l nragingpsystemf 18 cancortnlatyidvatcn axgivdimflare 12

system 1o deiprmiae burneri pitedpian neerded-nayiang iaakdnamdaiiahtdiamans end of

the header to t%we other, and initiate an alarm |gthere was a problem wit §h¢ system. Operators can
then take ther@ipisrepitiatdsadion tecaddrdesmsiuntsa Rigaiisiepro ettt tigheo i wdiraIbiw 5
appreciable ggs to be discharged into the atmosphere. Depending on how the unit is programmed,
imaging system 18 and automated flare control system 34 can determine if there are pilot 48
problem%, or if the system is lighting properly w EEESM. This can be as simple as determining
the time it takesiazjighhaisgmgeta:lide akbufnangihd anteonspacingthe uifermaiichdehikiaiieal data

If the time du(g?té?rgolgt %p]%ngépeq ’15 c%}g}gjédﬂgre}g %(ght%redeafg:%nine if a given tip is lighting off properly.
Utilization of image-based flare control system 10 ensures that a single entity or a plurality of

mary burner tips are brought on line in such a way as to minimize smoke and maximize

)
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destruction efficiencies. An enclosed or aesthetic flare 12 system can have in excess of a
hundred burners 14, The burners 14 are segmented such that several different header systems
are employed. Each header will employ one or more pilot 48 burners to light the burners 14
on each header system. Ignition is initiated at one or both ends of the header system allowing
burners 48 to light sequentially once the header system is populated with gas. Upon ignition
30 of the initial burners 48, the time interval for sequential lighting of aligned burners 48 is very
important in a properly operating system. If a single burner 48 fails to light in an aligned
stage, the remaining burners 48 could take several minutes to light. During this time, gasses

meant for destruction can be discharged into the atmosphere without being properly oxidized.



10 problems with the system. This serves as a pre-diagnostic of the system to let the operator know
when things start to'go-wrong. As with the latter elevated flares 12, the system can also be
programmed to be a historical file, documenting the length of a flaring event. Within the chronological
timeframe of the event, the computer augmented system can log any problems with ignition, smoking
during the discharge, the length of the flaring event, burners 14 that did 15 not light, and the fractional
amount of smoke 62 created using a Ringleman app?&ach. The control system will ensure that the

flaring systermﬁ@Jyvam@ﬂgw&m%dé%%mﬁmlm&@g swiedhepilofs redily anddiearindadgnite
any flare gas presented to the flare tips. [001041 The inventive control system can also be used in

similar ways {386 PiceBiE iy b ARSIBURRE L1518t dhdhetm: Belibvmrihaigehbtabsadsdfe. 20
[0?102] Exlaréwal f?aq@;f, f&aesgliliasebwawﬁrﬁ# ?ﬁ%ﬂﬂ@ii&”&dﬁé@@nﬂﬁl@t{@@ Widarh i@b&a&)}@\zﬁ(ﬂtimmay be
utilized inclu res 12. burners 14 and pilots 48 shown by U.S. Patent Nos. 5,810,575 (Flare
Apparatus DB PETORSSEA L SRS, TRAE: BARIG AR AR G 8% 16,442

(Low NOX PremixcBulknend pparatisdind:dethods)s 63605609« C diepactihgvoiN GuwGds: Buines

Apparatus and Methods), 6,702,57 %‘U a-Stable 25 Flare Pilot and Methgds d 6,840,761
(Uit Stabiel e B e S, i ap Sh e IR R A MR S BB Rse) ot
embodimentgrofiihet dérrepitimertion Tl yetapparégitttoctvosesdkitdenathiy atetfrohhia eonkideration of

this specifioalipp @rrastioe: ohihadnenionibeloset hersin Hbyae be darrgoing shealisalin i

considered merely exemplary of the current invention with 30 the true scope thereof being defined by

the following Bfaiffermg o e diioriqah drige EoHEIISGSTEFATEBNMD ARG bsteld-pagedisiaging
system includingi-alsleast aresimade qaumwdevice gricatasdonard @tlepstane flargd hriag:
ambiently discharged, wherein the image capture device includes a near-infrared camera and a visible

camera, whe%ﬂﬁ”tﬁ’é‘%&@ﬁﬁ?éﬁ%&oc%}%@%eﬁﬁé"éitgttn?a@f%ﬁélaﬁliﬁ‘?gﬂﬁ%}ae?é‘? TEHTHR OIS RE
camera electsepicaityrnasdnu bicatgsdhtaughe thieopiealidiasedeimagiie Sksiemevent. Withinahdmage

processor inclucing.at1aast e imade, proceseila IO caRARE S eleckionise i Anaiveine =

with ignition, smoking during the discharge, the iength of the flaring event, burners 14 that did

15 not light, and the fractional amount of smoke 62 created using a Ringieman approach. The
control system will ensure that the flaring system is always ready for any discharge by making
sure the piiots are lit, and ready to ignite any flare gas presented to the flare tips.
[00104] The inventive control system can also be used in similar ways (as applicable) to
monitor burners, pilots and other equipment that generate a flame.

20 [00105] Examples of flares 12, burners 14 and pilots 48 in connection with which the
invention may be utilized include flares 12, burners 14 and pilots 48 shown by U.S. Patent
Nos. 5,810,575 (Flare Apparatus and Methods), 5,195,884 (Low NOx Formation Burner
Apparatus and Methods), 0,616,442 (Low NOx Premix Burner Apparatus and Methods),
6,695,609 (Compact Low NOx Gas Burner Apparatus and Methods), 6,702,572 (Ultra-Stable

25 Flare Pilot and Methods), and 6,840,761 (Ultra-Stable Flare Pilot and Methods), all of which
are incorporated by reference herein.
[00166] Other embodiments of the current invention will be apparent to those skilied in the
art from a consideration of this specification or practice of the invention disclosed herein.
Thus, the foregoing specification is considered merely exemplary of the current invention with

30 the true scope thereof being defined by the following claims.



10 discriminating between the flare and an ambient background; and an automated flare
control processor defining a control system for the flare, wherein the automated flare control processor
controls the flare in response to analysis received from the image processor. 2. The flare control
system of claim 1, wherein the image capture deviceri? ther 15 includes an infrared camera and a
visible camera. 3. The flare control system of claim'2, wherein the infrared camera is a
near-infrared camer 4. The flare control system of claim 2, wherein the infrared camera is a
broad-spectrum infrgaé%lc Hfera. 205.The flare control system of claim 2, further comprising a camera
control system, whergin thesoftieatdasedyisragingsyisiag is in electronic communication with the
camera control system, therebél pra ~L§jai£]e% gleal-tllme [ teraciiivc? control to the infrared camera and the
R SYde ety

visible camera. 6.A flare cor%{lropsys em COFFIIB Tan Sf)ltléaff-:based imaging system including:

at least one image capture device @rienteditowargdcatipase a}wiﬂa_r@fibaic@ mmmié{aﬂyed'fs_cﬂsrwgb_d@
wherein the image AR AGVISE.S.a MHlEhAIY ﬁﬂa%%%‘ﬁﬂéj&é%% TR QBX%%QﬁgﬁP%#QRéQEGY

positioned in front'a lens on the multi-charged coupled device camera, wherein t t splitter

spectrally splitthe YiiRbecauaa. ifkijeibibe asaokeedintinatadaboenat ilersh ensrocassingramierhm
capable of elegiranicaliparahiEingla.caritieddonagenlibe diasesand 6aRaNIS. HiseUmnaLng,;

between the flare and an ambient background; and 27 . an automated flare control processor
defining a control system for the fI&Pe %8 REACEIEPRIREHHRSEH S COM RO BRSSP BB HESK IR flare
in response tocapbliesis freceraikigity thednage proeassall imagd . dihetilargeantind syspapofaany

one of the preceding. claims, wherein the image 5 processor analyzes yideo from the group consisting
of lgital UHed WO AR TR TS b B A AR U8 thereot
an automated flare control processor defining a control system for the flare,

wherein the automated flare control processor controls the flare in response to analysis
received from the image processor.
2. The flare control system of claim 1, wherein the image capture device further

15 includes an infrared camera and a visible camera.

3. The flare control system of claim 2, wherein the infrared camera is a near-
infrared camera.

4. The flare control system of claim 2, wherein the infrared camera is a broad-
spectrum infrared camera.

20 5. The flare control system of claim 2, further comprising a camera control
system, wherein the optical-based imaging system is in electronic communication with the
camera control system, thereby providing real-time, interactive control to the infrared camera
and the visible camera.

6. A flare control system comprising:
25 an optical-based imaging system including:
at least one image capture device oriented toward at least one flare being ambiently
discharged, wherein the image capture device is a multi-charged coupled device camera .
having a light splitter positioned in front a lens on the multi-charged coupled device camera,
wherein the light splitter spectrally splits the image;

30 an image processor including at least one image processing algorithm capable of

electronically analyzing a captured imagé of the flare, and capable of discriminating between

the flare and an ambient background; and



8. The flare control system of any one of the preceding claims, wherein the image processing
algorithm is adapted to identify an individual pixel in the captured electronic image of the flare. 109.The
flare control system of any one of the preceding claims, wherein the image processing algorithm
provides analysis on an ignition status of the flare. 10.%1e flare control system of any one of the
preceding claims, wherein the image processing algorithm provides precursory smoke prediction:
analysis on a detachment of a fl me from the flare. 151 1 .The flare control system.of any one of the
Drececing claims. Bt PR TOAGE SrOUELG e Brob B St by b SrHEihe
instability in thibdlamgmated f2relhmtfialreroortyal systein bediwomerahthegpre cediygs aaisne;drierein the
image proces%rgqnq%gog%gg Qﬁgvide precursory prediction of smoke in the flare. 13. The flare
control system of any one of the preceding claims, further 20 comprising a feedback control loop
between the image pfocessbhcafiel tiserastiorviicatoiiary conwbiisrotssdong whistaity leefeddbavigeontrol

loop is adaptegip.aldeagtidentifaaemperaure gf E?ﬁéﬁ!&fﬁg %ﬁ@@iﬁ?i{q&% Silamedeaahment a

color difference, and agurality of densities across the flame. 4. The flaré control system of any
one of the pretélmhgrasgadsaind onaligatiheirtf-a flame generation system which includes the flare,

wherein tfhe F.:lutomatfgill flarerﬁegl_l;[gg ﬁfg@gs%@feﬁ[wiggs&_@mf%gqpégggg@gﬁms, _Wﬁﬁ'}eiﬁhﬁ‘eﬂg{@ggontrgl
system of any one of the preceding claims, further comprising a recorder, wherein the recorder records
2 flare conditGHSTSRAAR A B AFEPLAL <HETHDY 40 TR HPL RBFBIRE CHHBFEMG: HNSEESHe flare

ambiently discitatgifigrin the atmosphere; 28
10 9. The flare control system of any one of the preceding claims, wherein the image
processing algorithm provides analysis on an ignition status of the flare.

10. The flare control system of any one of the preceding claims, wherein the image
processing algorithm provides precursory smoke prediction analysis on a detachment of a
flame from the flare.

15 11, The flare control system of any one of the preceding claims, wherein the image
processing algorithm provides precursory prediction of flame instability in the flare. |

12. The flare conirol system of any one of the preceding claims, wherein the image
processing algorithm provide precursory prediction of smoke in the flare.

3. The flare control system of any one of the preceding claims, further

20 comprising a feedback control loop between the image processor and the automated flare
control processor, wherein the feedback control loop is adapted to at least identify a
temperature of the flare, a soot buildup, a flame detachment, a color difference, and a plurality
of densities across the flame.

4. The flare control system of any one of the preceding claims, further

25  comprising a flame generation system which includes the flare, wherein the automated flare
control processor provides control input thereto.

15. The flare control system of any one of the preceding claims, further
comprising a recorder, wherein the recorder records a flare condition along with a date and
time stamp.

30 16. A flare controller comprising:

at least one flare ambiently discharging in the atmosphere;

35



an imaging system, the imaging system including: at least two optical image capture
devices, wherein a first optical image capture device detects, locates and captures a flame in the flare,
and a second optical image 5 capture device captures an electronic image of the flame; an
image processor, the image processor being at least a,gomputer in electronic communication with the
optical image capture devices; at least o g image processing algorithm hosted on the
image processor, the image processing algorithm capable of analyzing the electronic image, wherein
the image 10 processing algorithm discriminates between the flare and the atmosphere; and

an electronic output generatediyeihg spsage frotessar, wheneindhdialectronic output identifies at least

one performance parameter of the fl?re' ?nd . ap.automatgjclj fl{?re contrﬁ)I Rrocessor rec iving the
. at lcast ¥vo optica 1ma%e ca PT cVIcEes, waereln a st 08”1103, IIItlé% €

electronic output, the automated flare control processor generating a résponsive control input 1o a

flame generatiopntsysiavichdeEstinbiates the ferares & and he thardacorind|le saiookhimtics] fetresr

comprising a%’,ﬁ%@@&%ﬁ%}y@?@&%%%}’e%t@&ie%@@%@%'éfﬁﬁﬂ&ihg control of the optical image capture

devices, including operational control and electronic communication between the optical image capture
devices. 18. The flare controRBriBREraifs 60l AhiyHBREMEIS S pRICRE e ) deasiptreaBigEss 20

include a cam@r@@@ﬁaamgﬂﬁrﬂaﬁm@m%ke@fm aad Ui a camera operating in the
visible spectrum. 19. The flare controller of claim 18, wherein the optical image capture devices

are selected from the group consiintRfE4rgeet LTSRS alaRE PaRe LSS MdhedRrBRIBIN I kras,

analog cameras; (oige pasoerdang hlackamocwhite: cimeiasi g es staleririeras ande25rcompiagions
thereof. 20. The flar conﬁrlgléer of anX oqge of clai sﬂ16-19 further corleg)risin a recorder, wherein
% 1es befw e T,

. 1 TOCESSIN Or1t C11mi eent ar d the atmos
said recorger FeEoTas e condition along With &45te and tind gtamp.p . The flare controller

of any one of claims 16-20, furtheramodrpm_isim?g amahzegcmmhbbjmthéem@ommmniwéﬁmmwhh the
automated flarg capifol prasersninub e RILBRIRMBING SonfralsL R oAsiow gontol to a steam
22. er of an f

input to the flare. he flare contro y one of claims 16-21, wherein the image processor
provides an electronigidaitontessithor sfitstnl Evg gUarmiting dhalgisirenthoamethe aupmarise flare

controller of any,eneafd! }H&%sééfgzméwﬁhgra%sﬁeﬁ@méﬁd&mgn e hRbHame SB0RIGHRM, that
equmer{[5 corilrt}rc?‘]llggs lt)?é tﬂ gregutomated flare control processor. 29

17. The flare controller of claim 16, further comprising an image capture control
system operationally defining control of the optical image capture devices, including
operational control and electronic communication between the optical image capture devices.

18. The flare controller of claims 16-17, wherein the optical image capture devices

20 include a camera operating in the infrared/near-infrared spectrum, and a camera operating in
the visible spectrum.

19, The flare controller of claim 18, wherein the optical image capture devices are
selected from the group consisting of charged-coupled device cameras, high-definition
cameras, analog cameras, color cameras, black and white cameras, grey-scale cameras and

25 combinations thereof.

20. The flare controller of any one of claims 16-19, further comprising a recorder,
wherein said recorder records a flare condition along with a date and time stamp.

21, The flare controller of any one of claims 16-20, further comprising a valve
controller in electronic communication with the automated flare control processor, wherein the

30 wvalve controller provides flow control to a steam input to the flare,

22. The flare controller of any one of claims 16-21, wherein the image processor
provides an electronic data file with qualitative and quantitative analysis of the flame.

23, The flare controller of any one of claims 16-22, further comprising at least one

set of flame generation equipment controlled by the automated flare control processor.



24. The flare controller of claim 23, wherein the flame generation equipment is adapted to control all
aspects of flame generation including control of at least one flare, at least one burner, and at least one
pilot. 25. The flare controller of any one of claims 16-24, wherein the image processor 5 includes a
temperature sensing algorithm, wherein the temperatu5§ sensing algorithm provides for detailed
variations of the temperatures within the flame. 26."A method for controlling a flare comprising:
discharging a flare in_gn open-air ambient environment; monitoring the flare using an optical-based
imaging system havidd-a fir%?‘f BEhrarand & %}@brﬁdzéa?ﬁ]é?’ff%%é‘?efﬁﬁm‘?egﬁ@f S S H B idfrared
camera used taligestify thetfising afftesflel datddhesdcandtadigradamVisible lspeanenigamera

used to focus i’n upon %he flame,an cz;(lpture.fhe electronic image; capturing the image of the flare as
ic jfeast gnie burner, and at Ieast 'one pilot. . .
an electronic image using the camera; anaR/zmg the electronic image of the flare using at least one

algorithm capable 1526f prediatifigrs mokeg! Bnd g asteorfechigorilitnd 4harhisdapablereddisoriemioating
between the flare, and th Sn-alrabien gﬁﬁi&gnmfg iand adiusti f sed upon the
analyzed condition of the flare. ° 27§T£ﬁe methoc qflﬁm Z%B%E}gé%ﬁ%{%? Orlggug rﬁoévrlges
provides aimirgr 2otmfetatsions ehioismresbeesrunthonheflame. 28, The method of any one of

claims 26-27, whereipghe optigaindasedmasingsy siecimahisie. discriminate the ignition status,
flame detachment and smoke of the flare. 29. The method of any one of claims 26-28, wherein the

optical-based image sensorGiaREREd AP HAIAERP LI GRINSPBMEres in real-time 2530.The
method of any one of claims26:R9infinie lepmpigingracgeamnbngyt tadke dlarehersiaamngyt being
controlleg(gnd adjusted accarding to the nal}ézt?hd opdition af the. flare. 31.The method of any one of
claims 26-30, fFRer BOMpRaRg ARSTF MPUFHS B HEmCThE S HEUrDSTRY adhrd e i sifthalitisted
according to temnalytedisonditib thofkthendG:fiarea is a visible spectrum camera used to focus in upon
the flame and capture the electronic image;
capturing the image of the flare as an electronic image using the camera;
analyzing the electronic image of the flare using at least one algorithm capable
15 of predicting smoke, and at least one algorithm that is capable of discriminating between the

flare and the open-air ambient environment; and

adjusting the flare based upon the analyzed condition of the flare.

27. The method of claim 26, wherein the infrared camera provides aiming

20 information to the visible spectrum camera.

28. The method of any one of claims 26-27, wherein the optical-based imaging
system 1s able to discriminate the ignition status, flame detachment and smoke of the flare.

29. The method of any one of claims 26-28, wherein the optical-based image
sensor operably discriminates between a plurality of flares in real-time.

25 30. The method of any one of claims 26-29, further comprising a steam input to
the flare, the steam input being controlled and adjusted according to the analyzed condition of
the flare.

31. ‘The method of any one of claims 26-30, further comprising an air input to the

flare, the air input being controlled and adjusted according to the analyzed condition of the
30 flare.
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30 32. The method of any one of claims 26-31, wherein the step of adjusting the flare includes
controlling at least the flares, all burners, and all pilots. 33. The method of any one of claims
26-32, wherein the analyzing step includes employing qualitative and quantitative algorithms capable
of detecting temperature, flame 5 soot, flame detachment, color discrimination within the flame, and
density variations in the coloration bands. 34. The method of any one of claims 26-33, wherein
the image produced is sufficient to provide for analysis including pixel counting. 35. The method

of any one of claims 25-34, TORASRSHBASRES WAAIRY 20t Perethdhg siem oG adjussing she fiditg an
automated notieéufius ableastiagflanesteiafiment] smake, ool fiaigie on condition, and flame out

condition. 36. The method of any one of clai 6-35 her,comprising a logging function, the
logging providing a dQe ailedqﬁgténg%gﬁiﬁfeaya%% Eﬁoﬁcgi‘%%%éﬁ P STE (g ATV S Rt o
of any one of etaileyi2g-g6alitativer cdmyprisingiscstegoafipre-kghitls off dacerdeteatiperature, 88ndhe
method ofsan%&geﬂn%agaﬁc%%%, E‘MU?%&? 'Q' I &;{ step of,smoke ation, wherein.th
adjusting step prdviqles real-time aéljustmelnt t{og?ée J1‘[ﬁare, t %ﬁ%ﬁy%é%%t?ﬁg] gg{l/se}%pvr%léan%oo s%g}?e.
39. The meth@@lﬁ’f’d&ﬁ? BiEldf claims 26-38, wherein the open-air ambient 20 environment includes

atmospheric conditions consigting.afdear skiesnclQudysiesdal). sRewrsigetwind. dustands

combinations thereof 40. The methad of any ong of claims 26-39, further comprising the step of
analyzing the THHfah BravidiigtArsrisisri¥ing REtFGOHE R&me is growing, decaying, out, or in a

steady state. 2541 ApsautorihdigBe1e] AN losySIe M0aRPsiS N guAh L s PRRIHR LW arning sy@@dinaging
system c%)ab%ﬁ: of electronicall caet ring a digital iglg%ge.of %)flame genegated by the flare; and

a computer sysfeminagding Somvars B Bha MY thEHE AP LOVANS %Farhmsity kem,
wherein the seftwallerirciudesdncalgodtfinmeapabladifianalyzing the digital image, and discriminating

e b e o9 o FRSORG BAGPLRYDF /il 5 34 MRS LB SRR Pl RO 4+
the logging providing a detailed date and time stamp for all conditions of the flare.

37. The method of any one of claims 26-36, further comprising a siep of pre-light

15 off flare detection.

38. The method of any one of claims 26-37, further comprising the step of smoke
negation, wherein the adjusting step provides real-time adjustment to the flare, thereby
negating development of smoke.

39. The method of any one of claims 26-38, wherein the open-air ambient

20 environment includes atmospheric conditions consisting of clear skies, cloudy skies, rain,
snow, sleet, wind, dust and combinations thereof.

40, The method of any one of claims 26-39, further comprising the step of
analyzing the flame and providing information on whether the flame is growing, decaying,

“out, or in a steady state.
25 41, An automatic flare control system comprising:
at least one flare;
an imaging system capable of electronically capturing a digital image of a
flame generated by the flare; and
a computer system including software for analyzing the image captured by the
30  imaging system, wherein the software includes an algorithm capable of analyzing the digital
image, and discriminating between the flare and an atmospheric background.

42. The automatic flare control system of claim 41, wherein the imaging system

includes an image processor, at least one optical image capture device and software for

processing the digital image.



includes an image processor, at least one optical image capture device and software for processing
the digital image. 31 43. The automatic flare control system of claim 42, wherein the optical image
capture device is a camera selected from the group consisting of charge-coupled device cameras,
multi- charge-coupled device cameras, multi-spectral gfi\meras, high-definition cameras, analog
cameras, color cameras, black and white cameras, gréy-scale cameras and 5 combinations thereof
44. The automatic fIg{ conjrol sg/stem of n})é one o{ claims 41-43, wherein the image processor and
software are adapted 1o cornvéit &H’E’ﬁafogﬁ £58T8' ST Inelgen 42 WEetri hRviak paee
control systemaftarydeneoficlainmnéis4é]dushdreonipriginga ftardstantidlehavbexeipléhedtiaie

controller is in gleclionic gomrmunication with 40 the computer, gnd e fiare, controller pravides control
to a plurality of flares based upon%ﬁe aﬁeﬁyss performed by {ﬁe Software on the computer, %6.

The automaticfiarsasomeddsysroenast erlyrormeras)ditaskddnd Syhifecrairethe gofivwsank isaadaptendo
identify ansindjyidalpixg! if.thgrdigital image of the flare. 1547.The automatic flare control system of
any one of claims 41-46, wherein the software provides analysis on an ignition status of the flare.

48. The automatic flat® contrbt ayéeatatisr sy epiirek evains af any eppareiietns doftdarehsrenides

analysis on a ggiashressef miapsiRmrthadlaee w conved 3n ThaAHERRALS flateiGPniinlsystem of
any one of claims 41-48, wherein the 20 sqftware provides analysis on a buildup of smoke in the flare.

50. The automatic flate contrbf sYSRTEF AFoRIBPLISHED: Rh gy keI AfleusfTArdds BlSted to
identify a plurabiyefdndividual ciscdle pieleiiahs thedigiabitbagaotiherdsiceciranvisiieoravelength
spectrumlaf blé%liglfrﬁed apd green, Vﬁherein th(?1 software is adapted to define % lity rati

f flame gua
therefrom. 25 e are’ contro sféfe?ﬁng aﬁﬁ/péﬂ‘él o g 1t91%, \I/’vlﬁa Feifk érfler%g EHroct s%ﬁg

algorithm is adapiest eeittentify &y pheradity efeinditicd vaingigerete pixels from the captured image of a
flame from the flare in a visible wavelength spectrum of blue, red and green, wherein the image
processing algorithm further adapted to define a flame quality ratio therefrom. 3052.The flare controller
of any one of claims 48-25, Wiseraipnpeci Hageproebsyitign of any one of claims 41-45, wherein the

software is adapted to identify an individual pixel in the digital image of the flare.

15 47, The automatic flare control system of any one of claims 41-46, wherein the
software provides analysis on an ignition status of the flare.

48. The automatic flare contro! system of any one of claims 41-47, wherein the
software provides analysis on a detachment of a flame from the flare.

49, The automatic flare control system of any one of claims 41-48, wherein the

20 software provides analysis on a buildup of smoke in the flare.

50. The automatic flare control system of any one of claims 41-49, wherein the
software is adapted to identify a plurality of individual discrete pixels from the digital image
of the flare in a visible wavelength spectrum of blue, red and green, wherein the software is
adapted to define a flame quality ratio therefrom.

25 51. The flare control system of any one of claims 1-15, wherein the image
processing algorithm is adapted to identify a plurality of individual discrete pixels from the
captured image of a flame from the flare in a visible wavelength spectrum of blue, red and
green, wherein the image processing algorithm further adapted to define a flame quality ratio
therefrom.

30 52. The flare controller of any one of claims 16-25, wherein the imagé processing
algorithm is adapted to identify a plurality of individual discrete pixels from the electronic

image of a flame from the flare in a visible wavelength spectrum of blue, red and

35



algorithm is adapted to identify a plurality of individual discrete pixels from the electronic image of a
flame from the flare in a visible wavelength spectrum of blue, red and 32 green, wherein the image
processing algorithm is further adapted to define a flame quality ratio therefrom. 53. The method
of any one of claims 26-40, wherein the analyzing ste %urther comprises using at least one algorithm
to identify a plurality of discrete individual pixels from 5the electronic image of a flame from the flare in
a visible wavelength spectrum of blue, red and green, wherein the analyzing step further defines a
flame cuaity ratio thareTorereae B GO PLE SOT T G HEITD LA e
sum of the blugititgrsiitehdmtieach pixel divided by the total of the sum of red intensities for each pixel
plus the sum of greep,intensities for each pixel. 1055,The method of claim, 53, wherein the flame
quality ratio is the avg‘grage g &?%%ﬁﬁ&%&hf&? f8§r (élg"%: S;?Eeldlag’i\ﬁ" S‘&ﬁ;?ﬂ?ed?ggf%}hﬁ{é’pa\éﬁ%% of
red intensitiescfonpérch wig ¢l thenawigagboftgidentitepditiestfor ehshepixetli viAGE SERSING
SYSTEM, SORTWARE APPARATUS.ANRMETHORFOR CONTROLLNG GOMBYSTARN rcd
EQUIPMENT ABSTRACT In one aspect, the invention provides an automatic control system that
includes an opfi & isihgereishiie gzt astpafishaaingiadlaysianility wHstHeredspect, the
@nvention provicées _3841?139mge%éléﬁéﬁ_?@ﬁ%%@%@&f@@ﬁ@?ﬂ@@@?&@’Eﬁé@éﬂﬁiBgtﬁé\kﬁﬁiéi_cm
image capture device in .connection with a computer system, including software (and corresponding
algorithms), aﬁaefgraﬁéof%peaa%}aﬁa%@wée‘éégalﬁz tohid €] 1 R B %%%ﬁ&ﬁ%ﬁsﬁg Rf¥fects
of flame generatingreciliprae iftsuiticasoiates, gixshers, pilots and other combustion equipment.

Qualitative, and quantitative.gnalyses of flames, fqr example, cgn be carried out. In gnother aspect, the
vention Grovides a Shecid IRty TP Lsing HE kb L MaE LB Ehg oo o
suitable figurethe blue intensities for each pixel divided by the total of the average of red intensities for

each pixel plus the average of green intensities for each pixel.
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IMAGE SENSING SYSTEM, SOFTWARE, APPARATUS AND METHOD
FOR CONTROLLING COMBUSTION EQUIPMENT

ABSTRACT

In one aspect, the invention provides an automatic control system that includes an
optical image capture device as part of an imaging system. In another aspect, the invention
provides an imaging system that can contro] a flame generation system utilizing an optical
image capture device In connection with a computer system, including sofiware (and
corresponding algorithms), and related apparatus as necessary. The system can be used ©
conirol various aspects of flame generating equipment such as flares, burners, piiots and other
combustion equipment. Qualitative and quantitative analyses of flames, for exampie, can be
carried out. In another aspect, the invention provides a specific methodology for using the

inventive image sensing control system.

{no suitable figure)



