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1 IMAGE SENSING SYSTEM, SOFTWARE, APPARATUS AND
METHOD FOR CONTROLLING COMBUSTION EQUIPMENT
BACKGROUND [00011 In accordance with the present invention,
imaging systems are used in association 5 with flame generating
combustion equipment such as industridl flares, burners and pilots to
control the operation of the flame generating combustion equipment in an
open-air environment. 100021 In industrial flares (e.g., waste gas flares),
somel BFAKENTYSINGGTY BERM-iREHdSY AytiFadif ddpadite SNBMEIFIOD
capability, desthfeBIRICRABLIBnBOMBY SRR &R HEFA BN Has
composition, degree of air entrainment, mechanical efficiency of
associated equipment such as s@%ﬁ#ﬁ%@éﬁgr fans, blowers, and
ressors, and the need to provide ignition.. Optimal performance . .
s B R o oS P hdior A bR SR A e mpspociation
wichy frates gflargioperanbrstigpicalipdesirenshmaxirurin floliaretebthrsagnd pilots to
J05:dprdetinpahieshisietgred 0 A e tulatlin 6RRRG AR APSRALAIS open-air
also desire a lower flow rate 15 where flaring occurs without soot or
eFigREshich is referred to as the smokeless capacity of the flare tip.

@m;atoﬁﬁ %@L}@dﬁ@f rf@&]h'ér?efd.f .9»%5@@%’3%@%&1)5&%@6% enafolARigaSEMts include
ensure the safety of the effluent discharged by the flare. This perce e

R o B O A B B i (et BT R ey, fare
40063 hpbbeishlutiandatd isithaediaunt ohaihanididresieam addedsatited equipment

S%aﬁ being flared., 20 Air.and ?r steam serve to entrain gq}gition I S
ch as steam noz%ies .gzr fans OWEES, 4 COIMPpressors, an [§] nf(:f 1o provide Igmtlon..
surrounding air to aid in combustion of tlare gas. However, adding too

Optictrlbiporstrean toethédrarmbaningsdicimboronpitiondeiown 9 byepaximum and
ARAHRN rRLONMRESIeRIY %%eﬂ&%e@ga&%mﬁ&%%%&%ﬂﬁﬁﬁ gaw cal Qﬁ*ough the flare

over-aerated or over- streamed to the point that it is no longer

tiorbisbti e ferercioy e e eifGaprsjiof iHarnars ok Sksiimadeygr flow rate
RRSIS1RN6e; isdstiaiyemployest odacitate the refsing iequired d@cd@less capacity of
achieve the aforementioned smokeless ca_pacihy. Sg%’%n flares make use

8¢ g UBI0OIRFEREAYG S FARIRS Britf I RCH TR HBGGOb1 Yig 8as to ensure
steafepostion: offthe fladedagenrebalh sutie thahih eadeangesteamtiarehe destructive

rdli%r‘i’bpé?g }Qfgguq}@ geos zlegogr -;ic)ﬁier,';;% tubes as the gas leaves the steam
fiare ﬁp. RE p?ffpose e steam isto serve as a motive fluid to entrain
[@8eBtionalhs uitlotioninge dir IBome Bt afrrdraidis distibatdddniside tis fhareg ared.

/R'R‘ %?dpd%r&@aﬁ??&@&&?é’ﬁ%ﬁ%&Hﬁé@@%ﬁ@&ﬂ&h@%Qo' NRIAE & HRstion of flare gas.

Excessive steam and or air can create a non- combustible mixture thereby
IesigERgadsimaieo arficie Ay r ZUTpoD S thdiace sarc e HarRIgeirR fgpwn as over-
Whebnadlame saliowed tstabilizeinsidedbetifare gas can be over-aerated or over-
streamed to the point that it is no longer combustible, thereby reducing efficiency of the flare.
{0004]  Steam or air assistance is usually employed to facilitate the mixing required to
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

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

combustible mixture thereby reducing the flare efficiency.
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This typically happens when flare gas flow rates are low, or when very low

purge rates are used. As a result, the steam distributed inside the flare tip
continuously flows all of the time. [0006] Operators are currently turning

the steam up higher than prescribed so that the tip 5 needs less

intervention during small flaring events. However, the steam flow may

have the potential to quench the gas stram and/or cause the gas stream

to become inert to the point that the gas does not oxidize. This can allow .
WGHentiatfeHE T 08 SRRt M t6 f%ﬁmﬁdéﬁﬂa}*éemsra‘a&é% Hfpicle the tip.
TlairergfftaiénayppoROvhdn datd ghmddesraadt isrprieferedieaawse Ihe pteairates are
may ! %ezr%-siﬂ"t%éysl?eem%fcﬂ?é%u%%‘%'es'%}feﬁﬁeaﬂ'ar%g& capacty of ago%? %ot the time
fiare p %y oneé or more large, efectrical fans hav g mu i-hundred & O Hie e
[8666¢ powermaiotorze Adargd fl arenmaihhateefoup dighorérans deiibeding that the tip
ﬁ@&ls%sé‘%ﬂ@w%ﬁé%%s&% AP %HB%@%EE@“P{&!%\Q‘E %h%’v&éﬁf?leﬁwarﬂ% have the

and will run 100% of ime while the remaining fans are idle, waiting for

ReraHRAG e GERRCTT S w900 -Spast Fatioh st S8 raall PreiBds Seqsungdigitdo the point

dlawse The nekarstdethe efecincal Ansray JettHRaIRendaWasSRRAMH fNflow 1o the
all of the time is appreciable. [00081 Even at low or half speed, a vane

ANATRAS APl M BER&%ore than sufficient air flow. Normal

jouege rate Hevvsassaciatedyyitbiteakibgoyadvabanehprocassesdhatiasaype of flare

%ﬁ’ﬁ%ﬁ%aa Jhdhe o can produics ap apprecianle gas fiow 0 the 8218 o) fans having
However, p%rgepraié/ flow Velotities assbciated with the gas tan be under =

ronki-Gibodrefbbopepsesonditabodt Brg20ameters lpere Jecond forddasgielivering the

&i?tcﬁti@“ A‘H&i‘éﬁ&%ﬁé %?'&%P@%F:tﬁ% RRIEOHAIY.AIVE! B SUHIEIRRL oMY eI 00% of

of air to produce non-flammable or stratified mixtures of gas and air to the
tharémp whHe Petesmiainise dpoxar &lcefabnefomatharig hetbebindyogspeed fan

&E@é@%ﬂ%ﬂ&l@k%@' &@g%w't&oﬂm@ntadu@%@r@@aemst@%&m&mm y to run the
efficiencies can be reduced to levels below acceptable requirements i%

Bisrgeees faarlt bR foli &l ¥kpected. 25 SUMMARY [00091 In
jonesaspenizihe iovestiomnPymddes aaflamaomioksystam fikeniaradgonriratore than

SYSism comprises an opfical-based maoing Sysiem and R ATIOMAC, | processes
are control processor. Theptical-based imaging system includes a
leastonssinmy e Chptipecaepiod wrhentarbtoviard st [Bast orikefl3ae béimgever, purge

1%@?1@0%!9&?%@9&3‘3@&%@&im@g%,péﬂxcﬁé%%emﬁei%9?@595@15%5?{% (about 0.3

includes at least one image processing algorithm capable of electronically
TBPETY ARG WePRBIUPEC itERSelBF the flitevamatabasle vighkeAmivitmiglly deliver a
Detweandbe flaresanst an anhient daskared of e Autemateddars gas and air to

control processor defines a control %ystem for the flare, 3 wherein the _
Beiilatratied fACRASTHET SrbLBesicicd it tha Tl R i5ares s @ problem and
ranalyisiatd epelvedhisan theumageprotrssottion efficiencies can be reduced to levels

below acceptable requirements if purge or leak rates are lower than expected.
SUMMARY

{60097 In one aspect, the invention provides a flare control system. The flare control
system comprises an optical-based imaging system and an automated flare control processor.
The optical-based imaging system includes at least one image capture device oriented toward
at least one flare being ambiently discharged, and an image processor. The image processor
includes at least one image processing algorithm capable of electronically analyzing a
captured image of the flare, and capable of discriminating between the flare and an ambient

background. The automated flare control processor defines a control system for the flare,
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[0010] In another aspect, the invention provides for a flare controller

comprising at least one flare, an image processing system, and an

automated flare control processor. The flare is 5 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 electronic3output. And, at least one optical

image capture device detects, locates and captures af,%me‘in the flare. .
%ﬁétt%%@lgﬁﬁ’@éqqnfgé% EAPTO PLURTEE CSPHRAS I SlatirdhiteiRiye & analysis

rtheiflahiennd tie imageppsoeassor is at least a computer in electronic

unjcation with th optical.image capture devices. The image . .
A B R Y e AR Db o o
andipre therelectromicsimagesiwhenethatheuimagedplisoessitig! atgeritom The flare is
a‘?ﬁ%@éﬁﬁ%%%%ﬁa@&é&’%@ the flarsanditheat s LhERIALOHIQURL optical

‘generated by the image processor identifies at least one performance
ipaesniaRBi BIgYécHRral MReapIRifRIdNdrast oRtrdMBRSCUsseTa dlgetthm, and an

dRerRlsetranic O WREL aaRd el aFe G0Nl S.pHACQRSPEJRAQIRIES R&es and captures
responsive control input to a flame generation system that includes the

HEPECGP Bt ot P SEHP PO RS BRSBTS YEH electronic image of
thefiaradioMisy steige [003kdn ianothes: aspeciutheinvleotioni providesfatian with the
Guomatic flare control systemp,comprising at least ane flare.. an IMAgNg e image
H5tem and 4 computer system. The ﬁnﬁ’gmg AVREmTie capasbhe 0 £

elechonically saptapring & digithizinthgestaditamingenerdtedibytihaflage. processing
a@é’oﬁﬁ&%‘i@&&ﬁﬁﬁﬁﬁ%@%@gﬁu‘?ﬁé safpvarg faranalzingdhe MR ccionic output

captured by the imaging system. [0012] In one aspect, the invention
gerdtried Bnthe st du drarecE ARty Stk e AN riRatfaesagsciprgaeter of the flare.

‘BRNSIREARMICAIOR3HN pRRRSI - asREChstRIRRANAR IS RPIMAGINGe flare control
system that utilizes an image sensirng 25 device in connection with

REBRH e DL ISR E SSHE éﬂ(%&&ﬂ@%&?&ﬁﬁ@ﬂ%@éjﬁﬂ%@ﬁmudes the
fintateddgiparatus-hsyseaessaidinkiesy stahncambélasedda:conial stem.

ipus aspects of flame generating equipment.such as flares, hurners,
WAL S ARG G SRR RR S B ra oh A0SR Bt Sicol system
anglyses of flamesmahide condusgitt [06%4] Thé magepsensingaevicBhe imaging

sg‘/%rgbqlsqag%%llg%? adighabyides famya &’FR&W%@Q@%P& @a(?n%ag!?&‘?&%ted by the flare.

capable of recording a series of sequential' events. For example, inone =~
Eipserist stHeniBgEdss reiRy e ive J8ady g dhs (SR et Bf the imaging
&keating images in which pixels in the visual spectrum can be counted.

'%iztal cameras as well as analog cameras that create 4 images whi

Di h
(F e B oRREHRAES AT ATADES RANS (dedUiTEHE e BORHRER], Jysiem that
idigiidds wideocaseeragsivtiized. [0015] In another aspect, the invention

[B{ﬁgides[r? asl%%}%ia];’i%s@eegtfj ‘%l%ofz?\gé{nf%%‘f? izp ii@aeging 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
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inventive imaging system. 5 [0016] In yet another aspect, the inventive
method provides for the control of a flare being discharged in the open-air
ambient environment through optical imaging. The method comprises the
following steps: (a) discharging a flare in an open-air ambient
environment; (b) monitoring the flare using an optical-based imaging
system having at least 10 one camera; {c) capturing the image of the flare
.as an electronic image using the camera; (d) analyzing the electronic

RSG5 SR ARS GRNG S SHS BHEhIBBAEATI R RPIEY I Srscembssiprent. a digital

ydedieirseroka taiddat least one algorithm that is capable of discriminating

en.the flare and the open-air ambient .15 environment:. a d%gQ .
i Y S ot SR SEH 5 O B Hac ko e th
DESGR IRTHDN @FTHE DRAWINGS (0017] FIG. 1 is a schematic view of

[@(ﬁlﬂra”txﬂfeﬂgﬁ%ﬁqwig} rc]t,i %meﬁ}‘@é%t@@ Eyﬁlvﬂgfgrqﬁg i&;ﬁtn)?leof a flare being

rendered flame image from the flare in FIG. | and the inverted 20 flame

eI 00 ofhE | GPeRA eIt BL Nt HitiBcSE réBAYBhagBlcabtimasHa fldree method
WithaR Uizeames Visible, charged-coupled device camera with a target

box. [0020] FIG. 3B depicts a nighttime screen image capture of a flare

flame frontfEIG. SACHERRRA it 4P&d CRFREYA AN Rt SPYEPRBRSF the

visible flar@depieieshin nGhSAaR§H324] djadBadapiatssmpighttim@aving at least
screen image capture of a flare having no visible flame and using an

un-zoomed, visib Iéeccﬁlanreglgti-coupled device camera with a target box.

[0022] FIG:)4B depictsrththaightgine berBen imayelcaprieiohgeeflagghe camera;

flame in Figs. 4Aaﬁhﬁc§f}§1£m{9fé%&goﬁ?éﬂﬁ{§a@%@ hLogR! ROXPLINEMSIRIE 41 gorithm
flare depicted in FIG. 3A. [0023] FIG. 5A depicts the connectivity of the

imaging processaBQTI0RAPERGSSTE dapsiids Wiekomie ahiepdiotfe fgergm that is
generation and fegaback canitakioeRindOOARERIGR: GRARNhEBIREBRGIr ambient

flare operating with a low flame quality ratio and emitting smoke. [0026]
FIGS. 7A and 7BY&SRFsatR%bperating at a desired flame quality ratio. 5
[0027] FIG:)8 depigtisig arrated flasdepdtina dlamesqualigidatiotns giaph

superimposed the%%%ﬁggﬂ&ﬁgﬁpmmigggmoke as

seen during a field
[0017]  FIG. 1 is a schematic view of a plurality of flares with an imaging system.

[0018]  FIG. 2 depicts the rendered flame image from the flare in FIG. 1 and the inverted
flame image.

[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.

[6620] FIG. 3B depicts a nighttime screen image capture of a flare flame from FIG. 3A
using an infrared camera and a target box of the visible flare depicted in FIG. 3A.

[0021] FIG. 4A depicts a nighttime screen image capture of a flare having no visible flame
and using an un-zoomed, visible charged-coupled device camera with a target box.

[6622] FIG. 4B depicts the nighttime screen image capture of the flare flame in FIG. 4A
using an infrared camera and a target box of the visible flare depicted in FIG. 3A.

[0023]  FIG. 5A depicts the connectivity of the imaging process.

[0024] FIG. 5B depicts the connectivity of the flame generation and feedback control loop.
[6025]  FIGS. 6A and 6B depict a flare operating with a low flame quality ratio and
emitting smoke.

[0026] FIGS. 7A and 7B depict a flare operating at a desired flame quality ratio.
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[0029] FIGS. | OA and IOB depict the time history of the flame quality ratio
of the field- 5 tested flare depicted in FIG. 9. DETAILED DESCRIPTION
[0030] In connection with the present invention, it has been discovered
that an optical imaging system using visible and infrared imaging devices
can be utilized in connection with flame generating equipment such as
flares, burners, pilots and other combustion equipment to 10 help monitor
ontrol operatjon of the fl enerating equipment in the open .
et T e Gt S S SRR GBRAI R LR superimposed
tByst@m helps monitor and control operations, as well as providing
rs ke. prediction in enclosed or aesthetic fla r_burners,
S o S R &, e A IR
[H28nhtive B gelge asint 8y desint she simp dssiery sofldre Emecniablisiasternl the field-

Jheflase H%U@h%ﬁﬂﬁﬁnds illustrated and generally designated by the
numeral 10. As shown by the drawi%é%s and understood by those skilled in

the art, flare control systenPEd &hb*%BHEoRdRE thERof are designed to

[besppsogiatedmithaat leastipneréiie 1d.canéd leashonedaseds aperatingn optical
.within at least one bur,nler 14. Flare 12 and/or, burners 4are,pa£t,of the . th
RAHBG R & SHBLABR BYaTSMERRERA S fisarbipiatred i connection wit
femvirgeneeinit 3 @doipthenpaichlesi fiyreh énmicak opibihemih dusiriesnitikdimgequipment to

kﬁ:?res Haandier R réﬁ‘%é)%r%ﬂ-;ﬂ?{ X _arﬁé‘dlore;ba#weéau“ 2L BARE Giin aimosphere

€5 and/or burmers, or enclosed or - aesthetic flares and/or burners.
iPrafefiistyyfland efitioltgystenr.10 ks antvm ateetifG032jcRefielpingoiiG8d control

Jpc?atﬁ'ﬁ‘s?@sdu@dsasf ! @vﬁ@ﬁrﬁ)e\% & %oﬁ%gﬁétflgﬁqgiQgc}ﬁyéfgfnalﬁhetic flares or

Imaging system 18 is an optical-based imaging system that includes at

huesT oA 35 OpticariviEye 8pture device 20, also referred to as camera

(803 grientegbtavward flarerdeifr D o anddi cameia comiiRlieyLenimad@passes a flare
processor 24, and any applicable software necessary to operate H1e,
BHEGD G Hrdwale A SRR VLRl Ce LT AR ars SEiAlNR deSisnated by the
onirallén 22Aandomage drockssangRdanlayriderintedrafethas alsihglammit; art, flare

and referred to,as image processor _24. 30 OOBBFPFI . lillustrates .
A PP e S b SRR i o et one
finsiutesa plueatityef Saraekabaeling zothmlenscad, auithbatieadt a filgre 12 and/or

AR 208 hieast %éﬁgo@gl%ﬂ}%rac&gguéﬂdﬁlgq&ipm&g%ﬂﬁgd in ambient

lines represent a field of view from first Camera 20a and second camera
PoBNNEHe Enibbdithestrelarabemicl purlsT chdigiieoupiéangeles 12 and/or

Hrhed) CAMBLASINCASISBUANGS SBOWH ) RA-ARtIGALDRAMSHIEr{NG enclosed or
s?ﬁ?éwn Ol aw?‘ze[ ngth fiIte.rF[FnoEBhﬁwn) to sgi( the incoming li htc'wto

RN LB AP TOHE GRoUHGE B H e REE) ayigyp 10 1s autontare

10032}  Referring to FIGS. 1, 2, 5A and 5B, flare control system 10 includes imaging
system 18. Imaging system 18 is an optical-based imaging system that includes at least one
optical image capture device 20, also referred to as camera 20, oriented toward flare 12 or
burner 14, camera coniroller 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,

[6633] FIG. 1 illustrates cameras 20 and the fields of view therefrom. As illustrated,
camera 20 inciudes 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 20z and second camera 20b. In one embodiment camera 20 is a multi-
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[00341 In one embodiment, first camera 20a and second camera 20b are
selected from the 5 group consisting of CCD cameras, multi-CCD

cameras, multi-spectral cameras, high- definition cameras, digital

cameras, analog cameras, color cameras, black and white cameras,

grey-scale cameras and combinations thereof. In one embodiment, first

camera 20a is a broad-spectrum infrare@l camera. In another

embodiment, first camera 20a is a near-infrared camera. In one .
EARBOAMIRIAE, AP Cathérd) 1% SHBR VBRI AEth SHfraPeaBaRERg! fpeam-splitier
(ebeshovembedimente fiisticaiera 2asimamnid-welveleadthonfiageikht into different
camera. Lr% one ?rgbodimg%tcfgf)t camera 20a is a long-wavelength
Mirafedcamera. Tef)l%%‘f‘f’Tn Sne enibodiment, second camera 20b operates

[03e vidiblens pedtndmycot, dirgortivarth&te efidincanotiememidtiment)ected from the
g?‘gl(} y ngoﬁggt]ﬁ? 6P W@&%%QSW%M@—@@@% @Xé?'%’inﬁﬁ%%@&%i Qafheras, high-
portion thereof. 15 [0036] First camera 20a and second camera 20b are in
dslanitionieaatsitmdidatisnnfits. mvereresitioalopsaimblgekprst eddis cameras,
24, Kirst camera 208 ivaganiachionsiest lacale apdRIRsiNGAlYamera 20a is a

capture an image of flare 12 and/or burner 14. First camera 20a identifies

bR SPGEHER HHFATD BPStAndP FAORNH TRy Bettiadh 20BIt 4 fgar-infrared
ahftase g 2rerehusaarsdidfiSecondreancra2dbisadapeditonfrared camera. In one
eTI}?)cHDnictal capture an imaage assaciated with 20 flare 12 gnd/or burner - o
T R I dET S hae 1REPawith. Fi7at Gamara 208 Gefings ang o mert i
@gener disial leagtvwene langlingaraheterrfor second camera 20b, and

RSy oniGR b CommuIEAtesNase AAADSIS 2 LA HALOUME! GRerum, or a

ereby communicating through the imaging system 18. [0037] Numerous
Rearvsrabefinérs Irheagthep|reredimenheraspHe of et ed)in reies ipgthe visible-to-

embinatigasathwerk phenererebediment, if camera 20 is at least a
multi-spectral or multi- CCD camera, then a_single camera 20 may be

[0#fokd. fittharegBotimant, AftaftorMfire42 Yhdbelssnglc 498 gcation with
ddpRAEIEFNCamaia 2o di mucksiostancasysa qrisern (Bmt shewpledtoofbret, focate

optical-based light management device is used to split.the incoming light . . .
RSB P8 S BUAE HErei TTede SN bR Ay e IR O tenies
andaxdifiaredand At dedstthe bthendQlistitlwmivisiblecspactramlvedirer of flares 12 or

il q|400§39&{2;{3% %W‘E%&gﬁ%@ ? Oe}%gt%%?&l%lzoégt&%ei n image associated with

combination, such as far infrared, medium infrared, infrared, near-infrared,

Ragibla, sslker biragiclét wiied-islades paliymsottiserdtia vk kgt 20a defines and

HAasired. Theperfarmancgiol iPpagingd systemachd izdmerovashanddneleeuonically
robust when camera 20 has higher qualite; com%onents such as improved

GPHELNEEAEhER Yo RIS Rt A oR S e  Blret taneFAS0Y SRt BEBisHHne through the
igAFeEsdhMay use a separate lens to widen or narrow the field of view.

[ﬁ&?ffaﬁﬂ%eﬁéﬁg C&%g}[{%?%ﬁe@? O,' %%g%ngp?%tg}gr%rzgt%eqagﬁi%a%oc%r\rfllces in various
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
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
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5 function to adjust the field of view. FIG. I 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 control of the electronic communications therebetween. The
electronic 10 communication between cgmera controller 22, first camera
20a and second camera 20b ensures real-time, interactive control to and

PR BARPrOALIAD8 EAPITD™ EeRrERE T SRPaNAT SRS At X tRagponents such
AdjuptsvzaomiensiZcheCarapdaeantoller 22 is adapted to focus zoom

[Jé?é;%fl op_flame 56 t%({naxi ize th numbe%?;c %ilxels available for t0 wid

tical ARAE A& YL IRE SOMBErOF pils tieet TPARAGdens to widen o
proceskinfjchigdritiems 26¢tiei grbatisthemtt diecisibreofthearesualt®db have a zoom
A0040] Gamera GONFQliel2 %15 IRIEGUANIS SRS %ﬁ@ﬁlﬁﬁgffgs on flame 56
processor 24. Image processor 24 is a computer-based system havin
«dlanaié-hosted on computer 28 for processing digital images captured

[‘ht@ﬁin’ anghbaving@lieashong image PISCRSIBRL-AIAQHBM 26, AlfAes the control

osted thereon. Computer 28 is in electronic communication with optical

BRRiREARe LG EIAEYiEEwe IS ARERERSmMPolldhBXart R dpgiudes operational
&onistllend 2dsnpart of imagel-poaassantduldibhPrefatablytetnagerhe electronic
rocessing algorithm 26 is software hosted on computer 28 and capable

A R ARBTT COON B toal o Gh A 2 S Gmers 200
ddurddditiomnally imeage wreocessing algdrittime26 swdapalpkgofla and 20b. Camera
discriminatin 2N fl rne mbjent,, .

R LA 2ol R D Sk A LRI ysfagied 10 focus
el bfrs RO SexamphRmazglthalinonehgeplotailiply bigswutishes! analysis.
AR areeeniRInRehwathin B}Qeig%th\ﬁeig‘aﬁér}a@&s%@lé%}%ﬁg'ﬁéhﬁw greater the

variability of functions the different algorithms provide. A first image
WEsEESsRighsaIgtHtEm 26a provides for analysis of the image from camera

B020and camenacddbofese0ondiiMAgEPINEQSSHNEBR MGOHIRM B8le processor 24.
rovides for disc%imination bet een the.imaxl%e.frgm gamerﬁ 20a, camera 98 for
C B ShPOHHERC TS ANV (RUE OPOSAE R SibRFpver 28 for
R6ceprngiddigifor deagategnationdotiitanie SGavithiviflara 12aandior bowreer processing
. Xa‘?é’oarh%%‘édo%h(? & {h%&%{}éu@l%‘é'%'@g A0 GoURING NG RRGISwith optical
o0 a plurality of spectral color groupings. Each Image 8 processing
inlggrithniup6 dsravid 88 fdquantiterheoninel lquakitativeranaiyio dftR ipugeo! image
{remsdmaging system 18. By employing a plurality of image processing
ﬁlﬁ%orithms in parallel, additional evaluation parameters are available, and

HiscUus&aabbiolinqeiormtoning repdtitomisgatprateheting ajycntppyter 28 and
ABELINIMALE MRERSSINGIABRITEABN captured image from flare 12 and/or burner 14.

Additionally, image processing algorithm 26 is capable of discriminating between flare 12, or
burner 14, and ambient environment 16, such as against atmospheric background 30.

[6042] 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
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 within flare 12 and/or burner 14 into individualized pixels, thereby

identifving and grouping the pixels into a plurality of spectral color groupings. Each image
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5 additionally provides for pixel counting and determining flame quality

conclusions therefrom. By way of a non-limiting example, a 24-bit spectral

color model is selected having blue, red and green, each spectral color

having an intensity between 0 and 255. If the ratio of the total of the blue

intensities in all of the isolated discrete pixels (the sum of blue intensities

(0-255) for each pixel) is divided by the gombined sum of the total of the

red 10 intensity and the total of the green intensity (the, sum of red .

RARETSIARSRRBE) ) RIQEHIET ‘ﬂﬂﬁ%“fﬁ%"§uﬁ‘ﬁdo‘ﬂ‘gﬁgé‘éﬂ‘ﬁ?1%ﬁé\‘ﬁlésofdhfg@)age from

ifas@RcRisel) 18 Krdwemihieystgtusplofaiemer duality pratadh@RLefithas in parallel,

flame is knawn. FOR = Blue pixel intepsity (0-255) 15 fRed pixel intensity
e B 0 2 By ARt R i

(O8] |ated whithesvet aigesirath erdivassumgototigivel@n tdentiogk pestibsing algorithm

' ' @ fl is lumi if th Ij ti :
lz.‘!ﬁmgnmf bﬁ?ggg @ ﬁ}%l'sc&ﬁmﬂl@u%hd ﬁeﬂ@er%%a ﬁ&r@ I%g%lﬂ o%nclusmns

?210% to A flame has immihent smo e flame quality ratio

e 3585 ordesy 20AnbmatiEnssasRive e ditiel spesdl avlerquialigl is selected
HAHAJS REOMLERUW LEM AL A fiRlhies)iosd it HAHVEWASCUSIRD S5, If the

herein. Other spectral color models, such as 32-bit or 48- bit, may also
'BrSVideadatibnaiiabh i 00Ea Y e iame ety ifd S sraia sdutiatdg sum of biue
irRagasane-iEdepeadepixEorexarnple bn theceasenel hydiagemokotal of the red
.methane, a biasin ltiplier is entered jnto the image processi 5 :
TR S8 0 S e W Rt e ey S P EAen Pt er eech pisel
flasehtZand/ogbernercidiragaisnitiat fisid pestljo dstabliskhtheadniasindlame quality
ultiplier reayired, .Thehiasing multiplier is determined by manually
a(ﬁ)tjdst%%)fﬁcf{ne 56mand comparing the calculated flame quality ratio

against the actual condition. [0045] Other parameters are also identifiable

and anglyzable by the specifig;iaag. [ IXAIQEERRNG plgorithm 26

selected. For examiex IAEhEyMATSPLOTERe HIoLAlGOMI BN R Q@ Brovides
for temperature sensing and detailed variations of temperature within flare

12 and/or burner 14. [0046] Image processor 24, and the software

Ahereaids attle Gapiutelamabgeirantraamenth0 singuaiframegive an identical
rahber. Image processor 24 is adapted to capture,and analyze 9 video o

g sl R G SRR

adigitad SVided, Hnakofasidemandivanistiorstitheflent Additiorally iinmbge 35% or less.

RRACESIRh 24,13 ARG AR WECRRRIPHMIEAA0]CANMRTIOE ARIGE. A fieid test

|

mages to digital images as long as individual pixels are detectable in the
gifbigeativie farhsgrasré: poiieh Brialge sroredsly surls as 32-bit or 48-
HEIREIEAR ndivitual imaeag dar.processing. Preferably, at least one image

%I’OCGSSI 9 . ; . .
[0644]  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 quality ratio. Each installed flare 12 and/or
burner 14 has an initial field test to establish the biasing multiplier required. The biasing
multiplier 1s 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. Iimage processor 24 is adapted to capture and analyze
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algorithm 26 is adapted to identify an individual pixel in the video image of

the flare. [0047] Image 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 performance

parameter 36 to automated flare control processor 34. Performance 10

parameter 36 is the output from image p¥ocessing algorithms 26 thereby

providing the analysis on the ignition status, smokeless condition and, . . L
HEStrdBtioH EfticishRY SFHBrta 2 aursPtiRe ol aligiisity ombdtiEngion digital
dtiteasineing otides imageaspirnioassingalorithmtba provides: pedossnange is able to
Baramelers onihs detachmentof 2 fame from flare 12 ot e Uiy, of - gividua
Shoke infidre T2 andior burner 14 Autornatsd Hafe onfro?%rsocses%cﬁ gy'navicua
pras use dhiectibls amtbecomipgtenas image fproeessbb&4 048] Thege processor 24
doage EFP%&Q{HI‘?JF‘ %Qag%r s '}ﬁ‘@gsg'@x ,anﬂggpab?rﬁ V&?"l@a%tﬂb%éeﬁ% Iggprocessing

a3rap_hical user interface’images are optionally displayed on a graphic
gei ettt dBPlInsniksITEONtOINSErkr B ViBrhe VidatiBrseRdheglig.

epional, ibibwhen-siilized; ponelyGansal SURSN:S%is PRIt aREdSihicated to
electronjc.communication with image. 20 processor 24 and ima ingF )
g%'m Ifg’and provides

WRRHTY S2[O 6N BrRIREBR, 1ihab& BreRlésslsr sanimising Sy
anehauiomateorflare cpntekiprosassanddadefinerteedbackonisel OPHESormance
therebet\/\é%e% I&gaedb%%% ontral Iooeo 38 is adap

}%arameter ol oI, ina Rroc SIT a&erg 1tt? ars]ai%z%xg']e Ima}%gidino the
rom imaging system dditionaty, fesaback &sitiol bop” 3816 apIB'to "

siafdmnaobs|yduéntifpiaing, monkdessumetsios mﬂoﬁm@c@opawﬁ'm’etens of flare 12
%@Bf onflarg 42 ?ﬁﬁf&r} bumer 1. By wayof Q%@i%m%ggeegﬁ%@%@ﬁfo% algorithm 26

eedback control loop 38’is able to identify at least the temperature _
Hraredes neRBrpGerEr anetgsterhilsedaindmentivd e teme Jownglitgg or the buildup

withiaiftane 2and/grpurmeels; identifydbharliame hasderRhed froMmay use the
flare 12 and/or burner 14; identify if there is a color difference within the

I SOGIRILFE 2 SMARRSPH5TFARF 14; and identify a plurality of densities

[a0u8$s thiendlamepoflare dinardy, 30 buess120Anatheoron: iling the resulting

) mcp Ileu"sje%nl%?a}" ,Agebﬁ%:%%k%)ﬁn%qyog Q ‘?8 'H%ﬁ%%é%%@é%e%%ab &%‘grface, or

LokétesE welniike eStichoh S
roonitiol doospr38oamalsh idévtifithrtspols sorfare SH2 or bptinesl 1 huchebkn  utilized,

MHRHW/é&H%ﬁTIs%%eﬁtaiwsis\( QI‘Y %}eggSQEUQHOQ&@gﬁ§pC(}’O&fnfl@[;%a{,%no Mwith image
burner 14, and identify any internal combustion within flare 12, burner 14,
RBPgsineAE: 10050 R eYHER4dis in electronic communication with

[#0a8ing Pb@ﬁ@ml}asilmg%nﬁro%@gmeﬂaé @@treﬂlo 18,10 RIERHQRNed flare control

communication with image processor 24 and 5 provides a date/time _
RERSTCON theCHRS JeeRah Sitical rnRgdd cistaPeteticed SRshREC6RaEP tpoP 38 is
Jiepuideas angdggingdumetiofiwiinia-gaiailestdatesand dimpstampedopaseebntrol loop

3%1 elsrea%ﬁ]ef% gililnultaneousiy identify and monitor numerous performance parameters 36 of
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
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”
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conditions of flare 12 and/or burner 14. [00511 Automated 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 smgle flare 12 and/or burner 14, or if there are a plurality of flares 12

SYHWT oM B IBRs SEATRSSI ATHBERSSY Sfe P8 2] Aref redpshdibetelneniipany internal

dndirehyvaemmdricateumith thedigital gontrol system of a refinery, or
[%; [ Iar facility, Alternatlveg/ control input 15 system 42 and

é’ﬁbnsu ECE ol Input™a 5 BEBOINS EVBRIRISHISE 1B 12%RoPbihels: n one
chibo{idb] Fdeomieigdheratianetystenic4toisradaipieiditowaspong:to @beessor 24 and
cantr ol in relat dto fI me genetation nd at Ieast includes flar
O s DA T S B 5 2 geoncer 40
nreflslvieagngaragidnnsyicte il er@m@@mmtrmwdtama iprexadstrgreon for all
dRANNELs RESRONSIVELINRLinRYL 44 or adjustment is based upon the
anal sis of 20 flare 12 and/or burner 14 from image processor 24.

i/ronl%%ﬂfrﬂﬁcéﬂ%?cﬁﬁa%gi r%a?eﬁ%téﬂt%m@\s%%mﬁ%tm%mf set interval

nﬁmﬁ&sta@Eﬂlaazs1n@dtqya&ﬁhezstate1gfefh@r§nh?o9b@&ueaqm 18 AutBtREormance

flare contro rocessor 34 includes additional_control algorithms. These

GRS cOh BB g5 AAATE &‘B’t@?rln‘?ﬁ%c?ﬁ??ﬁr?cré&%%?&%%?erﬁé%%i‘%ﬁ control input 44
cs'te@mmfegam|ﬂpmtat@eﬁbamelggme:natm W&ieﬁmé&pﬁrrmdmmtlymmughs applicable
the |aI contral sys e.25 rati stem 46.
el 1o e e B e S QISR 12 anrr
h@fmmuhﬂzeﬁsmﬂe}smfcmthnoﬁ% sod easos ok e oot mnudt dimﬁwmt y communicate
\Mfﬁtmdd ?Qaﬁ%bﬁ?cﬁ%ﬂl@& U}ea E’éﬁﬂ%?ﬂ Qlf &9@1”19“@9‘2&!%?1%%&%&%%”&85&0 input
14 depicted in FIGS. |- 5B, the method includes flare 12, or burner 1

Sd%%‘ﬁé%ﬁﬁ@ FREBRABTSOnERY IRk Ad B e irest inRvhito it Adrad/er bprmer 14,
foosner 1éame tg%ma@a@;icgls@e@% IMagipeSYsterthdfd Whigh Lasat #gast related to

ne camera 20. ternatlvel flare 12 or burner 14 is discharged to an
TS BB G B A rh%ag "Bfibe PO iifER Ya1§ >0 andfor air
pwtedSBy cﬁlmedav%samaﬁa]ﬂe elecironic inage, Hhiab mag:eptiorallyolled in a

be dIS ed on nltor/c:ontrol screen 5 Anaf#gss of thebelegtronlc

precurs ﬁ-n n#) S e ShrS] :g}gug AE) g ustinent 1s based upon the analysis of
image | one WI mage process 4 at least one imag

fiﬁ*@cé%@n@()alwmﬂnrﬂ@Mratiisaadam@dssoraatalyz‘émmﬂamt@ﬁﬂéaepmvmes near-
iRYREh LT s{%%%lﬁngﬁég%ﬂ%gsﬁ “&&&9VM&%§¢&@&§&'%ﬂﬁare 12 or burner

discriminating between flare 12 or burner 14,"and 5 ambient environment

Ifls: CxpamRiedt BaterAtin RES oS biitrlrderoadrisionsbroonirghalcorithms.  These

AARARRRIA QOASLEHTISINGNY RERFISHROHNHORSNY deOiordetSHY, SIPkerSeRtinput to
uildup, and flame. Alt%natlvely |m e processing algorithm 26 is

1&,% %“SWH%I:rFﬁ?‘ﬁBh ,bgfvvlé]gﬁ‘e(} through the “digital control system for flame

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

[0053]  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

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

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

aesthetic flare. A digital image of flare 12 or burner 14 is captured by camera 20 as an
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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
burner 14 are adjusted based upon the analyzed condition of flare 12.
[0054] Imaging system 18 provides inputto automated flare control
processor 34 in order to make precursory quick, concise control changes )
SRS IS FIXPECh Inar SRS WaHYEPeL d f/2 SR RY deratArrentr ok %ﬁ@%%ﬂe,malyms

dilgdane sropkeisipationioat ABhpthenphdesicad.condiion |dtBmdMege processing
stem 18 evaluates the entirety of flafe 12 o ﬁurner 14 to include smoke |
ALTREY R A G 2o RS A Bt CORRA G, TS0y mage
Bychavingataritiia 26aibeatikfrafetisorimaaniinfraceceeaniara, itherr burner 14, and
Sssuminaion feiween 25612, ChoUNEE 4 A0 AMDISELEAVIONMENLAS 1 ang
reduces the wor 10& onimage processing algoritnms . us, the
digdriminadgeroithe visipredoirs dry betivee roflantis 56 2 Gsambicthecot buildup, and

f?dﬁ%‘éie%WQ@&H@?ﬂﬁa&(?e%x%@éé@fn@ﬁ@@%@ﬂgzﬁpﬁ%EBQ@@GPH‘#&%mmaﬁng between

application, it m?g be desirable to employ short-wavelength,
r

fiie-leareheish | 6r AghR A0l gtARIRESHY [DDSBIE RS 22 saltreded gesthetic flare
Gomprier-displayed infrateminage offfamerSacaptusechiiom flarad® capable of

nd having color striations represented by. the lines in flame 56a. Also,
iRl Y R R e MRS SRR FRSHE P AR SBpa g Flare 12
draobeangrotessethtocsuiht@it2m visiblelambienidemvironiaent 16
from, thus presenting a rendered image of flame 56a. As, in flame ., .
o S TR e B g i e
A kg ghethes @olovistriationiscareniftosthategd o lie B1inFIGI2s d8medffarhaser 14 to

WYl Prednee trtyent ﬁgﬁﬂésdﬁﬂ?og,e%‘éiéLH?QAE&Q“&%%%%H@%&&Q%&SI condition.

non-uniform color images within flame 56. [0057] As illustrated in FIGS. )
Iangispsagemahferabotmdifiesiiest ehiftal 204 Arndendskcortidanirke 62. pilot

A0adpethiginstacaniist samaiddamiscandnisased camera 20a, and
ﬁﬁg nd camera 20b is a vi%ble spe_ctfrum camera. Both cameras 20 are
I

ed UYSHYE ifEYE ot the B TG P52 BarRecRepdY discrimination
[BAv46 depict bothboaraeidsaiOaabib20minroisecat 12 mightinte andkload on image

pCrI%? els%}/egdagég)]%amo g”ﬁ%@%‘é@%ﬁ#@%@é@ﬁ ge\%%%dbicr)]urllzégf %%%ween flame 56
in rarea C era a has acquire ame , an WOI‘kII’]g In conjunction
andtitheambrent onmtivilena® bf invagerprbcpsstin@aptardet ivoscBBuisimbenti, it may

b%"@égﬂqﬂféeﬂatgiﬁﬂ({ &%a@eqgﬁi,%91WaEé§ngﬁfbrt%§~%@eieﬁ Ieinfrared.

degéited in FIG. 3B is shown from the visual perspective of a visible 5
[8Beflruni Cam i st sdriemrIGEdicted e igf aird 2Bwgreal flame 56a captured from

fhargesheppigg deviceatrpanasrad harget hex AfisRlsedepieted Brated in

FIG..3A. [0058] In one embodiment, first camera 20a and second camera
F3ob Ars ée"p?é‘?gt‘é%f"% SPTHET et ARGl VWS Offidies PEOSFRIFG Lo subtract

vinibhessmbénFarvéxxample | indkedrerali2z@aresenting 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.

[0057] As illustrated in FIGS. 1 and 3A-4B, camera 20 inciudes first camera 20a and
second camera 20b. In this instance, first camera 20a is an infrared camera 20a, 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
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and second camera 20b may be positioned to provide an appreciable
angle of separation 10 between them to capture the image of flame 56 in
three-dimensions, relative to flares 12 and/or burners 14. The separation
allows for at least one camera 20 to capture flame 56 bending away from
the other camera 20. The appreciable angle must be sufficient to provide
data for three-dimensional modeling. 1005691 When employing cameras
20 having a zoom function, the flame area is magnified. 15 The

HERGHIC A0 A AL &nsS FERLQSEE/ B8 THRIET ot DhofofPidehipy 1G. 3B, infrared
camperas2hhdhesebyd Narmrasingdhe omban ebupablp pixels containib@roller 22 of

flame specific information. The larger humber.of usable, pixels. increases .

S ST <o SO0 Ty e ARG e R BRE GPne CEpied in G,

PvathatiemandapredipintedcapBlsility B[00 60)wm thenenhbodiménfcugiagitwaf a visible

Qr. more camerai)gowggc era.con _r%llgr 22 will. rovige 20 in@tructigcrgsg'é%ce (©c)
1 ,as

SPECItUm Carnera dénicte S ap unR-zoome Chﬂl‘ ca-C0
visible spectrum camera »bb 10’ capture the image within t%rget ox

apicted dreRI X3 iprky depiicih onfiérget box 58 and capture the
ﬂﬁﬁgg]e' Hggném%nér%éiw;ﬂéﬁ EQ%n%ASQLQQOBQaﬁé&eEbﬂzﬁEe s@ﬁarated to

is not readily identifiable to visible spectrum camera 20h in FIG. 4

RS TR BN ¥ AHB S HAeD BurBrER I iR SR 191 difme camera 20a

2. Jdusd tbﬁxﬁ@?@hﬁ%&dﬁ@&g‘é@ﬁﬁﬁﬁﬂﬁ”t@%@ﬂ@@b ﬂ]ﬁiﬁ?&l@b%}]dﬂ%%of separation
ower of image 25 processor 24 using image processing algorit is

R GFAED QR iy et S ASNGe G PeEeh IR Te Ve To flares 12

anavirobument 16, of thesdyackipouniih et dor endlasedier aesthetlo flareptulie flame 56

kf'% %{ocaﬁg’j'&? IMAYSRI0CESSINg,AIGONthmS 26, identify boup é"é{?@cﬁxéﬂo provide
Ame 56 a _é?ec_tronlcal‘fy remove backgpoun information, thereby
drritegtihe sheennadmiorasislion to the actual flame 56. Infrared is utilized

[‘iibﬁ'@jtefnﬂ}iﬁ%&@%ﬁ!&?ﬁﬁ@%@&eﬁmﬁﬁ%&% f§9096%9%§émn£%§alés magnified.

Infrared and near infrared cameras are preferred for first camera 20a, but
Ehsymagatiraivenbitensin vbneeeiuBimey mn oA veRIAGT S AR BYethagias 20, thereby
iingnay elengihbiniaredsplb o keundarias estabhshgd hyiusimg-wfmaeed The larger
are comparatjvely used with the 13 visible spectrym to definitively identify
%H‘@?ﬁéi%fé‘%\qbés FEreVArdatish g’ﬁaﬁﬁ%‘%‘fﬁi Bi&gEp %’82&%@?@%%?”“‘5‘0‘1
JehOneditiierbackgratintt ¢scapabdiued from the captured image, the

@E%red’ ?r?ﬁ{e'@ff%a%ﬂg%é@%% fo[ab@‘?ﬁ‘ ) r%oc?a‘?ﬁé'Q@z%‘,%%%&%%%ﬁt?&‘ie?r%g will provide
moKe Ieavmg ame . In Idual soot partlc €S making upt € SmoKe
instEtinedoaysibeaperabie caeerMidb Wasaplengthdnfragsdvoihin target box 58, as

depgvavaten gt infrared can-than.Pe Useds® Jde ity RIS (MEENGhGS. 4A and 4B

burning, hot spots, soot build-up, temperature irregularities, etc. With a
WsuttpiBceD e i detitn sr4eP aineny & afgierhsi&yetbablgdpsyhie spectrum
dhesasewvhere@ piraiynef farersl 2BnEheiNRIsald atgnBRINYHLbraUe dientifying

ﬁa%?énSSé. Thus, the particular visible spectrum camera 20b utilized, and the power of image
processor 24 using image processing algorithm 26 is important to properly image flare 12
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 1s utilized to determine the size and shape of the flame for
processing.

[6061] 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
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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

12 and/or burners 14 utilize steam, air, or both for control of the flame.

The control input functions for the steangand air systems are part of

flame generation system 46. As determined by feedback control loop 38

it Bl enierdanpifetl Syktehysidsieiin thsptis il el S wiptHar e sontrome ! image
Rbetadidsiedaceerding OherpaaeseanditianRf lareck? RN Ghage, the

.14. This same process allows for control of all flame generation system 46
‘Efé"r?‘?gm%?"i‘ﬂ ﬁ&%ﬁ%&f@@@ﬁ%ﬁﬁﬁ@%ﬂﬁ}% PSS A8 VOhERK pltiFaig flame 36
lefiflades] arereyattiated nakage uprobessiogalgerihiineaincludeastheble rate.  Mid-
capability for. triangulation of images with gne or,moye camera,20. Usi .
R R B S TS R g 91k mcerme
twifferenth@0shaiesseot andldrbu taers ka0 068duEhg canatysis BitlaresniBtiple-CCD
c%ﬂfyl‘%[ M@ﬁ@olgmilr}g%%ggq@]grg%processor 24 to qualitatively and

ﬁuantltat_ively identify the various conditions impacting performance, and

por A tFse Bl IRSHURHEAY hrodibutrey Hhifsmbaisg Ahrerved against

CANUR! PROREESRNB46 [0 AME ASHRRTIAN SYSaMads . pRIRER&GOINPaSRw operably
Cﬂgalitative nd qua_ntiﬁative analysis from 25 image processor 24 provides

IR SOYSTRERS MArRREShrofBY BAMSFaddr <t PHRIANAEER Fo 1 real-time
tHlamehganerationBysten46 areeasilyiadglshiugsftadachkpambes. For example,
changed as.heeded to keep, sogt/smaoke at a. minim hile intainin
R R B S A T T B T B e e
consteanpis fodtiond las heetiat 0064 ]sTHisnealetine alljlrstmeeasteion system 46.

Rrovidesig B Gty MH‘%V%%{%@ é%x(@{ﬁe]a%sgg}:ﬁ@&ié%t@ﬂ@ Lt input and/or air

thereby negatlnrz the development of smoke or other uridesired conditions.

BRE AR eHERe A pshietereragriing tadBe antvacBsndisivnnd et foand/or burner

flamegengradignaysiemods and dhabardciras A6RESISATHINRHL 46 clements,
.control, automated flare contrgl processar 34 determines the best time

THBHRE 5 ehangBETT tHE- FRARURS Ghis, HiFD e SEEHNHPLYESh i cYgiuated. image
if0es]nbhe ainalysis2ofifleeld harapabibivifer tdupnavitescdnalysis oftflame or more

S Provides sriieal nformation o the operator asanbeeriame . simrent
IS growing, decaying, out, or in a steady-state. In'cases where
flerdbdckdonteinioepB8 identifies conditions where flare 12 and/or

[BHESET 1411ays nodesirad Condlilions, of QRGAHEN WRNING Y SIEHL QR or 24 1o

recorder 5 40 are available to provide notice and feedback to the operator,

WAHRE YR nBfigliAe e ehB oSy dBearifts disReRiRn e B igop EEpnce. and

iRdhR i afaudine siBRalssLIREHANIE AIRIS b ARHARMISHALAURHES! processor 34
the event jncludes imprinting the date and time upon the

Memorializing, ,
t?eﬁ%rﬂi g ﬂﬁsmﬁ% ﬁ%ﬁaﬁ,@e&&o 81*7%%98%8&1&1&6@1\!@ and quantitative analysis from

image processor 24 provides the input to automated flare controller 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.

[06064]  This real-time adjustment step provides the necessary adjustments to flare 12
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.



10

15

20

25

30

[00661 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 713, a clean flame is illustrated. FIGS. 6A-713 show

flare 12 having flame 56. Outline 64 indicates the boundary for the area of
interest isolated by infrared camera 20a. After outline 64 is established,

camera controller 22 focuses camera 20p upon flame 56 and outline 64,
whereby camera 20b captures the image of flame 56 for image

1998 ssinge |andEste sre dBrtativ ek @mpleserhkt pixetidareansl o upfelame 56, and

aecRrdingde.theineRieLARAR QB@&&?HQE@%H&Q&%YQ@%%H‘Q&Q%'tBQ&aymg, out,
26 counts_ the number of each pixel in each group As shown in the

Yoreskrtiveexanises HesceRediackseae e inanedndandffotriditigns where flare
BMokeABG-has! a ﬂamelmhﬁa redieliobQs3F. Spienitanty wintonm OB siistEatasd recorder

f k d h af lity ratio of 0.3
I A ot e 25108 iy e von
%@e@ﬁdge%&é@x@&?Apam?Bamuﬁmt&a froperyiptibkingdflame:lBd@onic alerts,
a%éll NS gﬁgﬁﬂ%&f&pq\/*gn%g‘ﬁ%gx (P @‘U&\ f%%g%qw f at'%edg{’éaemg [%9 upon the

bar graph superimposed there 0067 Flare cont em 10 an
rﬁ?@tﬁoﬂ“éﬁ@@é‘ﬁ?@%ﬁ%@ﬁﬂﬁﬁ@ﬁ@%@ﬁ@d@ect flame 56 in flare 12 and/or

[opsBer 1hinyatigus ARE Nk ApRIeHenvleRneRta GANGHIRNS;ARLS. 6A and 6B,
semi-enclosed or aesthetic flares exposed to those same environmental

Wotitfons. IHBtetedin fnsieh withaiBie merilome At red iditiartdean flame is

iingittgledatmesp hesigsonditignse qgnﬁstﬁwmhfdem s@mﬁnelw%ﬂ&i@@s the boundary

in, snow, sleet, win ta comblnatlo eof Algo hms
e et o BRSO 2 e WA

Her outlie O 1s; 8 1Shed camera

C@XM@@I@@&(@@?@ usmgamﬁblumﬂidraheriﬁamd aundinséd, t'@fpr‘akrjdﬂlmera 20b captures
HEY r gﬁ%agfﬁﬂﬁé%g%?rz?%g %}Q@e &ggtrglp Igsei?f%t?vg %If rﬁe Bt}lhﬁglxeis are

automat are controll stem 34 ame eneration syste
Frarefanedising tofwsl ¢hanged mpiel @énvér@d@ngﬁmmf@%@f@lg@mﬂim 26 counts

thbapgerthrscaliowfar pracursesy iRdigalers toRe idsrtifididbdxamples, FIG 6A
evaluated such that changes can be made to flare 12 before soot/smoke

iHHetteify relinpisdhaisipByingivarke tnteipatofr B Iediit atim ofibws  Similarly,
e, fimnighguality rafionaf ;Jiedbbiﬁbﬁghbi@oﬁﬁeﬂmaﬁ@%ﬂ@nﬁ@@Mt@&fﬁd)tef 0.36. In
fraction ht cqpcentrations, and sibly . yellow I| e

g e s BB L el sgpectivery. Fics,
E%aalstlc?ﬁ ifangee s [ROFalyOnmoimage prdCeSsitgs@agorthme&6y acrated propane

FORRAGSLDARG ! Ufhﬁ ngenpAtion tgugem@t&e@ figalcorrelation,
o

providing per rma arameters 36 to auto ated flare "Controller

[808Fdm §4amt¢9m@1a9pfpﬁm nawnflihetioeiape vaneearestieciramhergerme tatiitect flame
Y Hiem 46, agnaeedashdomod '%ﬁ%ﬁé&%&h@f%}%&ﬁ f@mﬁ)&@eM[%&%mons and

may be utilized to isolate flame 56
semi-enclosed or aesthetic flares exposed to those same environmental conditions. For

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 Examples

[00668] 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
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.
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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 stabilized inside the body of the flare tip. Flame 56
deeply seated inside the flare tip can damage the structural integrity of the
tip over time. Utilization of an infrared degtection device as a diagnostic
tool can add significantly to the life expectancy of a given flare tip by

10186% flaPéebAtroNsgsteth 206 powtion Flime 46 ifams mHaliippeicaptabsfblue light

dhedip-sueingpuae e dioy s 9001 b BY¥ AN of & NABHIMILRS @XANRI8nd possibly
one embodiment of the process of detection, including using one or more

ey e it dhitHiRs 2E° idhfdeomeaisela 208 drinfthrat died statistical

ae@d-infrared camera, isolates flame 56, captures the image of flare 14 or

[Bbu}g ri ’ng % ‘cfrrllea%grow)%gsl‘gncog rQH ‘hlr??%tsg E%%mr%g%na%éol%?g ggn. entrations to a
processor 24 Onefimage processing aigorithm 26 inserts an mirare
nmagedivahdaryl stioundofiaing 56 T@mernmageapreeessing algoritied A6re controller

55%'69191\’§§ mﬁhbﬁl%kg 8%91&1(6 W&&aﬁ%&h@%m%ﬁﬁ&6ﬁﬁ% e%k?ler_aﬂon 2sgstem 46, as

infrared-based captured image 25 One image processing algorithm

ngedsrinew ity tisipleidperstimoiifierabyt déndisrmAimg e visire iniglate flame 56

208 INASsIResRSaiNaRIGINM 26 emBares theMSiRIeimReR. tathesame infrared
infrared image boundary and removes the, difference between the visjble

BREPIHDIsHRShiPal el Shi tREHHIE Vs Bl fain Bk 156 EhRrther determine
piageneecessiNgsalgirihmiithse panaies anduistinis thaRoIbEHOATNS the flare tip.

rgéxeé%‘?{%mw”gfs"'%!a%'?n'srﬁd%gcﬁef@?r{‘etie %ﬁ%pclléiab'% golor spectums, HEreBY. ip over
dtermining théframé qaality ratic ahd its Y&tatisnship to precursery”
tgneokEtiigatibherflameaiuatityatatioors dentde aetdnmied flard cantrdflergBdicantly o

t}‘f@‘ﬁfee&&%%%{%@é’g%ﬂﬁg%tﬁﬂﬁnﬁsiflgt ﬁ%%;%%d%l@&%@%% BdL%8n flame 36 in

provide “corrective input to flame gener em 46 Additional image
theotessHepalhtrmduraisarereesatedlaigorithms provide for 5 secondary

[883EsSMeNtesush A3 MILALABSIRILS SRMPS AR @AM 38e process of detection,

temperature of flare 12, burner 14 or pilot 48, determining if there is
TSRS USHRA, S ESBR oA BAERG S aH 72 TS owing
describessthecaprratimaahhackaroyod ntheonyratopanations dRd:h@ne 56, captures

the image of flare 14 or burner 14, and electronically communicates the image
to image processor 24

e One image processing algorithm 26 inserts an infrared image boundary around
flame 56

e One image processing algorithm 26 removes the background of ambient
environment 16 from the infrared-based captured image

e One image processing algorithm 26 determines the visible spectrum, thereby
determining the visible image

»  One image processing algorithm 26 compares the visibie image to the infrared
image boundary and removes the difference between the visible and invisible
infrared, leaving only the true visible flame 56

e 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
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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. [00731

The inventive flare control system 10 is utilized to help ensure that flares

12 (including steam flares and air flares) effectively and efficiently operate

to destroy potentially 15 undesirable copstituents in the flare stream.

100741 The inventive flare control system 10 can be used to provide an

early warfling! peidtateesaetifiy 61ffars sontaf thatpredufsoey @ateoben b wherein

USGC! in feed%ﬁﬁ&oﬂ%h@% 3R efdlae il e ist”?@qﬁI%E&hiﬁHHeHySQ,f provide
the tip for optimum combustion and destruction efficiency. The system

can reduce oXSFESHE4NTIRYL Sh HEHSEFTRIRGTIHGR MRing statistical
processing oh@iuisalkiRaag grobysianking atAMSaRIPE ARG WBIARHY provide for

near the flame root. For example, lighter colors (shifted toward the blue
spectrum) an AR ARs @RS S g asty e BlIRb & TGSty HRAHER cSteflame 56,
flame detachmeptandcovefistedmingner ktdegrde heréatrmiaimg B6here is internal
eventually bebclg,mgs i&visible to the near-infrared as too much air or steam

is applied. During HHiltitions conditions, the geometry of flame 56 in the

visible spectrum can be identi¥ipetafis:28 Barkars8risecome lighter, the

pipghmentab Hame o8 syttt AN lame A4 YRIBY.AE IO JEAWW and how

from'the tip. For such situations, the air or steam'is reduced to flare 12 or

thtiiRER Y YRt 6 VRER) & 158 dituib i i COnoO YIS | W bRdedTeo iRiAadeon Aees g 4. The

rafcidgcexit enrven interqallyadiingdlare 12.adfampaable mixtyeeReedsdonare 12
be achieveg} and an ignition source is needed to ignite the 30 mixture.

PRYBPESSE SRR Maintains several (e.g., three to four) redundant pilot
[baTaErs F8«4adnignitien 1Birrensrdld syueh0090 iof dhidAithect:elpseeuthathan flares 12

dggftl&llg Sgtlélaggleﬂaswgél %Hl %&? H%‘éls_fe%\zfgﬁte az;[ %g igglﬁyﬁfgex%ic%sdes '1r']oy potentially
ignitionsource must always bé available to flaré 12, or flare 12 can no
Undigerpleforntiitsisbn Tikeflavettttam flare control system 10 is used to 17

[@@?Hre ﬂ?‘ﬂg %QCB@R/E %‘i@%@nﬁ[ﬂi Ags?c%j 1§ @9})[ PSQ H% @grgé‘i@e %Q%Hlﬁy%vaming prior

flaring event be initiated. [0076] Problems have been noted when the
SRS Bt damnd SrhBeoVERAclHtetbPesisdtirisanhaghswtraliogp 38 of flare

1thad insuificipntheat @Ry isiavajiableRishstalibiRieor GnMR8Ru&ion cfficiency.

ver-aerated or over-steamed, the combustible gas will not light until a -
e SO feiBHBEF, BF VTG s REHEREGUHhER-G08 SR sl processing of
ued-aengtedytheollare fipfoan: disthange hdaingsitp us gadhérdatanmiioibe example,

ORI SHED SR A BB ALY PRI
ltsni?miém@m i@dfﬁ@ﬁ@ﬂﬂmgrdmécbmmaaﬁ Mj@ett@mﬂélm@u@e@smg@chhmoé Flame 56
e%@%?ﬂﬁ@é@o%@g%ﬁié%ie 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
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
mixture. Flare 12 typically maintains several (e.g., three to four) redundant pilot 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
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10 again achieved and stabilized. Once again, the inventive flare control
system 10 is used to ensure that the pilot burners are lit and ready to light
flare 12 should a flaring event be initiated. [00771 As the temperature of
flame 56 increases, it will become more luminous and emit light within the
visible spectrum. As flame 56 approaches the flow capacity of the fan,
flame 15 56 then becomes more dependent on atmospheric air to
complete oxidation. This creates rich stratified zones within the flame

carvelde. Bosiler SHiBKE YBitRIRMBLGHN 16 1Rk ihaidine HiWd giflaring event be

iseRgtgaints and/or mixing issues become an issue. As soot forms within

flame 56, there is usually a darkening of flame 56, which can typically be

BRERT oy ERR ST By B AP ot R e g aeraed or
sheemdiscovtied thah chantinhdhargebaambey20 maidkblo theustriafidfos 56. When
the steam based on information created by a high definition,.col Lo ge
A e e R0 SRR B AR T BRI, soighiomerry
dhat loeitaifs colory cvithilfrante S6 lewstherproptiatAtedndiméiee tip can discharge
£A0seNUaled- gt beforedhe Aars iR Be AN Lo LIRRLR: SROL Qe STIRKG oA matic with

the soot and smoke become apparent, color shifts become Vvisible within )
reNBeH A ARl InHR ey é%ﬂhg@.wl?hig PsshéAFBYRITatiy st s gprgotume is

icelors 025 flanme 56 dnotinshshiftm feomathe i spacFumIiQ Heenlawesle mixture is
temperature red spectrum. Flame 56 becames pop#Iated with darker

AGRAhGEBY BTG BaRIPES st PPt 1838 ke YRAYOAAIE FOATthiR gtV s used to
dngipiahtismekelcambesseare firminy rwdthindHeshofindali2 sshfthie A &ming event be
ir‘l;i%izﬁegolor becomes denser until the point is reached that the area

appears to break away from the main body of flame 56 to produce trailing
[8frToke 62s\Withcadditiomal gfaafiew Gt rreschaihga!Bbegpale, thse luminous and emit

%ﬂé Ghigmenic [glatiopshin therghehvesp decrearesAnddhe taling SMRKen, flame

increases. The alr is basically a fixed quantity, or at least asymptotic ,
Mithem breamss Hars MERESACTAEIISHIENBRAIS HBRIBGRFIIEN R ajll Ry creates rich

ssmake wilhincrease with agditineal juekiignorlénWithgut Some dnpubaBehn in flame
change, flare 12 and/or burner 14 will continue to smoke withfmore SE flame 56

PranAUBE RO IBNE hERUES 8 (B 781 T Sorns L8 s iR e >¢

tenoke bz ban heleraated Byrfiaclqashitiatds tigwatlniayedidmttecimain cye.

B0 % he.lame DY SRR (puas: TICRUITARe AIGEHRPERed Mdhoes can be
argel 5 flaning event can easily create an appreciable zone for crosswinds

rtadreakhsedtiond of thresgramdway! frormfrrnatiain Goelgbblaniebecimbien, color, or

SShARRERS. Leanfonm gither dilute Zones Wi Welame a0 ithlamen colors

56 zones capable of producing smoke 62. When low purge rate flows are
widenalyeel thberovs PIow prESatHBOth SARRTatEsF d LI sty begins to

Qway dhe dnexidized luakftactions teckeale situatiparEONAEURIVRIER become visible
unwanted/unpermitted emissions, 10 [008Q1 \When leaks or

urge rate
Wb %%Lﬁ%%&}d&%ﬁgﬁ%mﬁd gﬁ Fatneyn by changeg m%ae visible colors of

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
in air, the stoichiometric relationship thercbetween 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.
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significant adverse affect due to low gas momentum. The gas is typically
buoyant when warm, and rises in the wind stream. When blown away
from the ignition source and flowing air/steam, the gas can escape
unoxidized. [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 gregn. The field-testing was done
with a smoking and non-smoking flare to determine the numerical point at

WHhet ttHeffater Wl Pegas 1o 8mbkanthe Rusislel poriibrptigis to smoke with more

Fleeiiaragnetic speetrdncfanggs from red to violet, red being the lower
temperature end of the visible spectrum, and violet and bjue being the

IRIREr tehmpemstirseendioramee spatinm. AR Rasiess! Becimagotiat is blown away

frndersieamesiaedadiono e aeratad orsateamad {gianchedhriiamedty a large
ill be nto form . oot/smoke The lid arPcIes of soqt

| for
A S B U DG TSl oA G o DB o of the s
dteanershiftirgnmisdiodwithitethe Ysibféhspeattsumppbhe memstmablether dilute zones
IG5 YISt e 455 SRESHVTLIRRS TSR purge rc

yellow end of the spectrum indicates this scenario. Ih many cases, this

ftowting sl fthniecd eredm b@?@@eﬁé@ﬂ%ﬁ%gﬁﬁaw%%ﬁeﬁﬂaiﬁé%e&wﬂyp away the

RReainsie cREESIGFCANK. RIS el é%ﬂaﬁgﬁrwt@m{@@)ﬁ@meﬁmgsms
due to the quench effect of steam and air, or air as it cools the flame

(G180bn (Xen skeakiifly Bt excalsife sin oS8 HiEsing Ssterd £8nd Can have a

sableitasesitbashifiin aalorduastgshiisinrittame tﬁﬁep@”ﬁwr@p@j&@ buoyant when

second (5)}/ secorﬁj basce rfracw of ? second SIS |f required. The
i ¢ wind, stream L% ﬁ] Ei ition hource and flowing
p|x SPAfe %5 com ared against a Rumereala d’orl |0%NIng C

do/iseamaitie gmsﬁeamepeaumoaié&hefore the flame begins to smoke

B[)% Sel)le‘lad Qg G %% ﬁg 9%'88&0%2%&%@9'%35 %\7116@19% Slfrect aplé)roach can be

rep sentative exa ples romt e field tests. 19 [0083] Referring to
takqopy dpek1amtdbeifgractiglal fesebplterdado siridke B2ads Bemiedrgd green. The

ﬁ@%t%‘JEQH%n %'H&QV%&%E{&M%Q&G&H&Q@H% 2 dl B R RS cal 1 point
repeatedly outlined and captured by imaging system 18, wherein the

Tdyels Werasurjeidduss ﬁ?ﬁéﬁ’é’kﬁrrd‘a&‘é,ﬁﬂbg%@%ﬂﬂﬁ!rﬁg b iR qmagNsHg spectrum

raedféerfnﬁﬂqedp@rameteﬁecﬁéewgraaeqmume@&mﬂe&@Ieﬂmnw@sﬁﬂ&mpectrum and
to automated flar roller 34, WhICh d control inp flam
RS Gl 28 TR RN B Ich TOATERE e RIS become
whéeficlchtest/shewd thecsamerateditputtegigedl qudeches offtired|dmeitjuality to form
so %lﬁ!}?{ged ﬁ}%aé%?h“ ?UJ: ég; ?%00@'?&%?{9%1‘(’1"66 %@%%ﬂr% ﬁ?%gbiock the

of camera 20 output i terms of flame quality ratio plotted against t
IREMERINGOD Rige POTS, Meduime Ristsrihstitiseifisfdoiestbioiie viveble spectrum The

Resdictive rﬁHﬂé&éﬁtﬂ%ﬂﬂl@@b?ﬁlet%'im%&femﬁcﬂ@if@?e@H@JEXI:@F&@Q@@%d yeliow end

against time. The predictive curve in FIG. 10B
of the spectrum indicates this scenario. In many cases, this cooling of flame 56 can be

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] Imaging 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
compared against a numerical algorithm allowing changes to be made te 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.
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matches the measured curves of FIG. | OA. [00851 Utilizing an image

sensing device as a control 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 gjstinct colors relative to the area

where smoke 62 is about to be formed. Flare testing has been done for

(08835 byRsfapipainiHgthe dRAmndr Wb tdusiisprdia st Berqobsrmalis 62 was

dRGIS: SRS SY SIa R, BisiRRGHY BysiemMsd&neanhe49ed, Bdrmintaitathepeatedly
same  color fractions/definition as if viewed by the human eye. This allows

W A9 HRUEY Heta8RDEEELEd& 8 BE St i aktiinaguccted to image

sensiigesyisteithior noke:negation perachigvwe putoraaiedControkdnanunicated via
xample, the | e sensing system can.be ysed.to,provide input to, .

T S Zan A TR oy ot 52 n el d Bonudl inout o fame

wnchangeythanpiteh 25 on a vane axial fan to offer more air whenever

[ﬁﬂk%ge ISSR05GE - NEENgHRASH. FAHQLENANME RS CAlNalRA.aREa output

can be made to enhance the flame created by a. flare tip, thereby

seiptoVingThe efdstiflemsssushittaraticoripitrthacalid fipioveR)Prddidealse shows the
5 s M Madateroptinizsllame-audlityiastabiitoand S estiationinst ime.
efficiencg.§088 Similar to the human eﬁ/e, imagéng system 18 is able to
Tehbenimdae YetWBelieenadynphe 298 REtdeibrary siihergripiye curve of flame 56
ispeatryet. die atigitonuitith eavisiblersdeatsing, timaging: Systionl8dsrablea FIG. 10B
to %g[%rﬁ;[gl in at least the intf?ﬁdi &Qd near-infrared spectrums.
[ I 0

1'2\3& eS T MEASUrcea CUurves o B . . .
ionally, the expansion o other spectrums, such as ultraviolet, is only

[#eftdd by chmera20n2@eanthimagéeprcessingralydrighies28: Therdance with the
infrared %%Q%Qéé%@é‘?ﬁe%ﬁ&%ﬂ@ﬁ are well suited for heat signatures

and identifying soot particles leavirig the envelope of flame 56. PILOT

FLAME VERIFICXT1ONYIFISFT AN AREGE LN HGBLRE ERDPEIso be

(0686 to SeRSE JpNaes: ndeMPeralaLPIlal RRUANS & 48255088 ANVILAWithin a
given flare tép must Stﬁé lit at all times to ensure the lightin E?pacity of

e P Otn M AKFinSaties! 2 Rt B BfstinEE B LIS iRt gl has distinct
Jegrsirethoe maniarandhdetenminesthe statusobafpitatdamiarforesting has been done
fredund%ncy. Iq most.caag:sétthese are, done at the{R(oint of flame 56,

Pﬁavlgfﬁa syer{/rlné?r?évtﬁéné%]U||%m%ar?% difficuft. R Rot incsmmon for flare tips

{tW8&d modinted:abeut2@CfeentomboetHEG Yee(dBotro: meté s toaaboutthe same
el %%mgﬁgfééﬂﬂlﬁéﬁ a it MY FHSIRG fﬁaﬂgnag%ﬁ'%ﬂ#sfﬁﬁHWsdQJQ%éﬁ% logic and

determine if a pilot is lit, and to monitor the samé pilot from the ground. i
Jepisinmgeoseet i pipioacd vath detsees pRsNAAMIET f9F RagkHrestion to achieve

Agtinatavaysrdtirstothadmpae mensing - dexice cansaecthestamat # drovide input to
automated flare control system 34 to open a control valve for more steam, or change the pitch
on a vane axial fan to offer more ar 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
day/night and hot/cold sky in the visible 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
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redundant system is needed, the temperature of the flame shield around

pilot 48 can be measured by infrared or thermal sensing using second

camera 20b, or a multi-CCD camera. If 15 the shields are hotter than

ambient and beyond a programmed set point, it can be assumed a pilot

flame is contained. Confirmation can be obtained by using a separate

infrared camera in the mid-wavelength jpfrared or the long-wavelength

infrared, which can sense the temperature of the shield. If the flame is
Bugnchanagatrspessstesrbauiits artalaths drfsend eah armteradesneraiams are well
ﬁ%g%ﬁy&t@%h@m&m&%ﬁyﬁhg sontalRislemeanhen aegmatically se.

try to relight 20 the pilot until it is determined that such an effort will not

succeed. 100901 This sf%%ﬁ%%gg‘\}mgmg@%rmine if flame 56
fgosontainediglaep withiiy Haeibodynoitaertiais:tino lkdlame:hgisistabilieedure. Pilot
bdee§ Wﬁlgﬂn the cogfint%s of the tg) a hot spot can.be identified on the the liohti
SRsTae SHERSITRS T SHG thE A HPoIYEY 8% Uit SSediariirepsure the lighting
manonéthé flafiedropn thenaie tiotofctedipewsi ltakbodistinet shahddobapts are required to

xﬂb‘?ﬂﬁg}‘a‘%t% %‘%M&é«f%%%‘ P IS AR9nARr ISR {égrgcg?y ﬁp&{}}&rnﬁg'es, these are
ame. WIND ISSUES |0 @11 Flanﬁje 56 generated by a steam or air flare
dppeahtbenskttarn8pmsmall makhing spaising tha ke pme i olifEicTiisis dmet uncommon

fﬂ?@aﬂ@tﬁ%%@@@rﬁé@%@%@é@@%%@tw 48EQE fiRMe-Pe.during ARAESMALbout 120
full-scale flaring event. For a very large flame 56 generated by a steam or

AR ARSTidng dnaereissngthtddiienshimehrdalngice drdemipsiha pilot is Tit,
Peseriadol ie prassile assogiatedwith taeiwind isdhiap aleterdsshdetect a pilot
f?\%{z;ﬂnst fla}me 56 su%f;( that flame 56 W%I hegin to move off axis ben(?l%. ,%s If
PS5 BT 5BV Q15T HL T WS mid st E&ﬁ%ﬁ%ﬂﬁg ﬁfg‘ﬂc\?e‘i% itycapc Hame. ha
rtainddenistearmand @edtaw)ireedget taypeopetyeoRicizesthieldlamend gstingt8 can be
21 h hao hat the stoichiometric. need of a flare is, significantly
A R e e Rl R e e S A AN SR D camera. 18
theHuckdisers, hndeg tbanemhieniinel teeaqpéaterogiemsieicbid metticiinessdbroassumed a
diremihe flamedpreredLfermedAnd iree #hamaks, RMING PO B ared camera in

flows (appreciably small flames), the wind can have a significant impact
BRTHE e Bfarrh Sehsling eree LB I it &R 4R afiteihe temperature

AR RIEON gRIFIRACMCRIA PEOSEREO INNXIEE SHAISIAQIQNYSF sends an alarm to the
flarmmablfz. When LFis conditiongccurs the normal destruction effiﬂienc

BIfAETD AR BR grRAHY ukiEA %‘i?‘h%?ln‘“’éﬁ%a“%' PietaigmARSH %’ntg?ym relight
t!ﬁadingwm]atriedamim?hd destyudiian «fficieniycandiave a significant_

[hegct t%?f%t@a]%‘ei%‘t '5%8@%?‘;‘9'},15%'&‘11 the.SRISN FPRSES o ¥E‘%Jh%£%é’& deep within
general. Knowledge of thesg issues allows operators to 10 make
teoRseloisieBisions t§ SauoP delstebdisehdeandraihiasheepifegs of the tip, a hot spot

d%ﬁ%g%ﬁﬁﬂff@r@ﬁ 2 hedddRRAesan: @Hi%@%éQW@Oi&QtMHmsed herein to
performance. This is done to keep flame 56 free of soot or smoke 62

WHEARGiAamE gﬁmé@émgior of the tip will allow the shell to cool, indicating the body of

the tip is no longer jeopardized by an internal flame.
WIND ISSUES

[0091] 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 56
during an actual full-scale flaring event. For a very large flame 56 generated by a steam or
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
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[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

e nHtam rtability. Degemdirigconetdeoiminfrmemsreiguifedngyoidfriondetyy tlee amount of
FIRGIS,SRLPRILLIMESPl. samherelors be, detimental 108, ARLARe ater the

of 20 flare 12. The inventive flare control system 10 bécomes the best way
foiestiannsptnsurpcoperdamsareadts it epelige srgegba. During purge rate
efficiensiesi ARosHarementpl BYSigR LoEnSIrassi pRaRanstRISRIOMEHE dilution of

mixing, coupled with proper flame positioning for the most effective

iEinistioh' BhElBHe SALPURSSHHIEHDIREHAAE LY. T00OSPEIRE sgaptoduce a process

ihaginaghaysiens 18naad fautansited fare canirebsyistemadigambenotmal destruction
ram to do the same thing an operator can do, only more . .

T e R S RS E A BRI Sying eaane

ccamheraf0n cretobsenvetikameys@inclamtina aljyn divd mniatoes etdiju Strtethis ¢ovironmental

a%tﬁ&e?a%t Mg e@&%ft%@%r%qﬁ'g%%mq{%%%é% ﬂ@é'i@%&? Qgim% ggerators to

when needed to aid it in standing vertical. Keeping flame 56 vertica
el teas dircisipnaiatald arsivisieestraa fafurasveped Bwidnemegdiame 56 near

t%‘@e@l?iﬁ AnonSRamSthiust RS EXRIRIREFIBRSUa R RIGSIRANIMEE Hiithe 56 free
stand flame 56 vertically is not sufficient to cause subsequent dilution

qESeRiLr ARt BRI AE sianER PR ded to make sure the flame

[wImerawiesgmainsawithiwa sufliientzxange iekeepdlame Sy need to be reduced

unguenched and stable, This, ensures flame 56 is nat compromjsed b
ST O URR L AP - AR o toAORI N R Ry o o 12

coystentht & ancs alitdmatatifiapeoperiirok siistémif4nanydithtencentpot f flawseare more

' 4 ti [ S .
SIS S RS cophar A g sh o

sHelyiist e et Sedne vargrea dw wntydiciatdiey, fiahnaoewippeyinpurge flows can

pRoyiRegyercally wawards awaydrems i stablizing SROMANLET IiSHiim required
This movement is in response to the reduction in flame speed in )
SEIRRRTERGH Wt EifutfbROWsiAG BistRamay hesiotsrRedistitcenglifp the operation of
fepajunctior wibngivisihie osarinfated lonsallawsimaeasuies 1© bestaken optimum
to prevent flame F% of flare 1% fr?m d(ﬁachin% fro/rﬂ theﬂnormalts abilizing]0
REAPRAS TS thE ™ BARES (TS M SESER o S CERCIFP AR Yt ™ 10 ensures
rewyay $fowhibeaiscnargezareadent erdatecpastiiiticypdihemflafe 66 isost effective
ity diftedand unsteRle dug e dbaing,aver-aerated or over- steamed,

efficiency Is compromised. Keeping flanie 56 attached, and at a
B8%3bnaklece again, imaging system 18 and automated flare control system 34 can be

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 momentum and
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
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 evaluation
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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
[00951 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 opticalimage capture device 20 can do
anything the human eye can do, imaging system 18 is able to look at a

withrémseoresisissed Headawemandrd Barrrirsab YetEmite andniy gratrol of flame
dRrapeIdy, lsitthey a0 unstblanarshibiRay e draking.away @Seas destruction
could be the case in an Indair arrangement). Using automated flare
thol system 34, pressure can be lowered if burners 14 are found having
problems with respect to stabilifyoabnaakng ady. Burners 14 can be
rned off in.the ¢ of smoke 62 to allow pressure, to build, orto all . .

e s R R T S b L ot e ey wit beein
rsaviteacktttepmowntio fhemolkent thasdmisten ghes cduration. thegan DS saiggyement is in

r%%?égéq@%§qgﬁﬁ&fo§b%sﬁl%’l%etéﬁsiﬁoc&ﬁf%@t@ﬁ%ﬂﬁ%m&? reGAG-optical image

Using an image sensing approach with optical image capture
cgBiteedo D GRiBiAn RRAIRTE @Y StEe 185 Bifers RIS Wh@im' Tt speisERlo be taken

tBe;ExQ(Qerf%%%\@S'F-ﬂEP@ ISV RN HSER KAV A8l SEHRRMEAREMANION of the
take a date/time stamped frame shot, or imaﬁge capture, to log, record and

e ity el ff A SRR CHnERtdH! 1BGGInG BF e BRI IpBIFa i 20d create
iBamaaymeviiall utotpermitibperaidnmdBescaiise duean bakgawiedgeied or over-
s%én 1?1'&’(:3 6e 1'(21?1 In?s Y osntle%n]ﬁsse%?n Ilggen #}ee%aanqelnggggﬁgec%g&d %Els %tt . reasonable
ItevalsS SUtH as every Ohe B o seconds, oF whatever time in efvalis

tsetaiatik¢ersistemtioe rtifies thbdtsheokenb2sison e ibnigenbeitiy: 2B is maintained. It

;{gwgsaa;f t&%%w,%%ﬁeéﬁgq%&@y&aig)eﬁq9&&&@9 Jime.stanenseed se.

erewith such that mage recordS become an unbiased historical

document indicating how ¥k THELk&KR ¥4 Lded Y Produced, to what
{kﬁ)@LOf qpaciving SPoke.achipred RItdowhad ﬁé@?éﬁﬁoﬁ{‘&%ﬁ%d position in

reached. Accordingly, recorder 40 acts as an unbiased, third-%flrty oo
SHaBrveTaAiRY) 6llsiiEaans SRImIlit o R AR UIERE 7PTn Mt Rggpgical image
Sinokedeigenecatedbiamhaare lipnaoeid bensdjesiiviadeyhiempe sonifk) to look at
viewing the event. Having imaging,system 18 capable.qf capturing a true. )

RO Ra D S 2 ST ToF TR it e e SR BRI MC ey are
fostitdey dod gl thag 4o Wwhakiextenty SincevithbedB6oecupiedndansmbegapient). Using

a%il?(()%llgtte E%Fgec%ﬁﬁ%%gsqaﬁ%% gﬂlggéﬂrg%&q%%@qp IYa0Ie 1 F U egung having

use of the frame s or image records can also show the amount of

rsptdkastraitineg ResidosBabiling kreline exersidrac[oddspa RikgnshaH in the case
Jumber és tyninally sepiisd tosheetiiusniniflaresdohadngwopasiive Thes. When

Ringleman Scale is a methodoloq{y utilized to delineate the density of the
SPAKKE T Bpdgs: the system can traC the amount of smoke 62 and note the duration. It can

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
document ali 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
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by a given flare 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. Thesgi;images would then serve as

unbiased historical documentation showing the chronology of the event

frromedn Cihienat isTagk s dimdulghy ¢r dikindp 2 usinioke, sardisatkred therpwitht fnch that the
i wheied e ate fpsdie ame:aealn Y cOmniARRe FESR N ISIRBRl smoke was

image would have a date, time stamp, and Ringleman Number for

grosver, (0 AME INSIDE PIRGO0YY] ARdinrmgHeyFdblid to what extent the

AshnciAtechwith. a laserip dsyburpingeingide dhgstih ambiadin (BpdHsty observer, and
dormant. In many cases, there are thousands of feet of upstream piping

e yle AR dPmany cases, the valves from many different
[PoscEsses tand indeaksmbpywisly gmattedofmes dfarerydovopléssusebgasive to the
tom its way to the flarg tip. The heavier-thanzair aking its way to
TS e e e T 07 Shor? SEFT . AL AR Smage o
fhuild $ iplinwo fomiegitaviti elentoaiiptieach tiflanwnbbtennixturevahehignitd to what

IO PURIS-4RrR0560% 406,825 REAIS MR MR 108,08y, IRRCOMES WRIG: flame 56 is

buoyant, thereby increasing the chances it will escape and combust. The
agirvale h SAvIBER sh-Aireh S tEnSBRE 95 HBARR TROHdCBUES heivathe amount of

sﬂ%ﬁéﬂ?&?ﬂﬁf‘]gﬁ%%@5‘@&9H§%§t§%ﬁi6‘%§cﬁi§i@@slhe tip. These conditions can
e damaging to a tip if air or steam_is not turned on to cool the tip and

b
1082 i e BTG4 HERSE P ALY SRR A b 8 s 12 having opacity.

Teskiglion.affcignaiesnicthedaiogy stiand i SRlixcedsi\dRiysitight aidsmoke created

mechanical set point to quench the gas stream and allow its discharge
RGNS Han el SIRESe o000 1A el o L fgled. The

maging sys¥empf§ncan Seé
mghrfianiéumpen infrared cuvisibleglightubgenera sih@0fanhediandalsitis trained and

IARRAFRAY- 0 &&WP};@%@% Ith automaisd tare.ee %&érﬁv&t?@oﬁﬂoﬁéﬂ%%m of flare

then control the ai am to keep the streamproperly oxidize o
spthelLtydstrHmdoted [uckruersrnemersHyy dhftaeradtycenld Biephedndicated on

aPerations Refpanngal knowithergds.aipreblemowithRsteam Jeakades® historical
that maintenance can find and rectify the problem(s), Together, these

BRI QS H SR I8 A TS AP RE SR WRteniftueh trailing
erseamnpbdtk diexigdizRdnghaseshare thlldlvechta ercagte RAHDhIcompliance. Each

Configured appropriately, imaging system 18 and,automated flare .
ol A ULt (O PG R H TR g o the moking
s@bjected. If the range in temperature becomes excessive, the steam

and/or air can be increased unﬂﬂﬂm@fmﬁﬁpled. The

[0099] A common problem associated with a flare tip is burning inside the tip as the tip
sits dormant. In many cases, there are thousands of feet of upstream piping for a given flare
system. In many cases, the valves from many different processes tend 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,
As the gas heats up during the day, it becomes more buoyant, thereby increasing the chances
it will escape and combust. The typicaily 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
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historical capability of the system could then keep an ongoing log as to

what temperatures 15 were achieved, how long the temperatures were

noted, and whether the temperatures were localized, or had migrated

within the tip. Proper use of this type of tool could aid in extending the life

of a given flare tip. Tracking the history of flame visibility as well as

temperature range could also lend itself jo determine any growth or decay

of the discharge flow from the tip. 20 LIGHT OFF [001021 During light off,
dheagsé. oflimagingysyistehe 18 techvidiolyyialivivs ﬁﬁﬁd:iteue’valiﬁatﬁemiro@r steam is set
Arastapylare \2oelameas e deieming 18 ANCRUBISIINING I discharee
properly.” Utilization o mage lare’ contro sy’stem 10 ensures that a
witylet sping werRepiealitizet many burner tips are brought on line in such

[BOYOY) S A0 U Z eSO kG AR m@’@méﬁeﬂ%ﬁqg%%%cﬂﬁﬁﬁﬁ'%%iﬁé Pg},t camera

enclosed or aesthetic flare 12 system can have in"excess of a hundred

Hlaribsa and ik HERREIRTY 4B ROREGIHE Y B RaceNAFA U ayiem 34, it can

headesyisiems: aie evaplayacepash deaseswilemiiay.eneahsomet At to the

48b light t 14 ch header s stem nition is
R AR ol A B T o R oSy g proble

\hghttsﬁqaentﬂaﬂ&agﬂ@e thet heademsystenmisipodputhtediifitithggsoblpacs). Together,

E“g §§§£ Wﬁl' 'ﬂ'?e Eifatds mgkﬁﬁg%wafv?% 9. %?‘%&‘%g%l@ﬂ!i%h 'Hf re no un-

urners |s v ry important Irf a properly operating system
@I@@%&ﬁﬁé?% $Hisved lightdapan allgned stage, the remaining burners

[ﬁﬁl@qwdé%hﬁgﬁl%/@ bFEBH%&% thH gf@lgn s HinenSaseesn MEAHiDer 34 can

destruction can be schar ed into mosphere without being properly
t&ab.?edfeéeefeeifogf}%ﬁai@ r‘@e&s%ﬁfe é&hlééﬁhﬁﬁ@rﬁy WatBh BeGER temperature

iremle sysigmelaKieiarminadobuiness b4 ighiéedavhen aeRededsd0w lehged. The

t toak J ht fr mone end of the header to the other, and injtiate
ST AR 54 BrORTE U 58 SSecth. BLPROPS AR rigaperatres

\t}eeeapﬁ)ramdaﬂemctmg thadonpssithessiteationteAgaind, prebiematiadighdratures were

lggfqlggfp &“HA’M %gﬁlﬁi Wl% S é}g ram%n &argfetﬁj Srg}%ﬁsterr:g{%g%%% i extending

Dependlng on e unitis pr Imagin and
theitoin afed gisire EorrobsySteshinyg barhiuermintainehesdilive piloeldgs temperature

Rreblems: Acdftha sustem &&eﬁtmaayo@ewhvm%c«agtw@d&éﬂérge@m from the

as simple as determining the time it takes to light a complete line o
Hurners 14 and comparing the information to historical data. If the time
duration is changing, it could mear fitererang 0 problems with the

@éi@rﬂ/ % %ﬁﬁrves gf % pre: -di f nostic of the ste let tlg fpﬁé‘aﬁl |

hehy T 8-S RS \Wﬁeﬂ% a?éi ?G fevated eevaluation
dhelsystemcéaraldé tyeepfogramted dadmadidtorigatfileipdocighengindt properly.
the5h %%Pﬂl%ﬂé"@“&ﬂ%m NN i/hl%mch]boenosll.g s"%%a{'g‘s?ﬁr MG BL0L: prurality of
event, the comﬁuter augmented system can log any prob

many burner tips are brought on line in such a way as to minimize smoke and maximize
destruction efficiencies. An enclosed or acsthetic 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
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.
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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 approach. The control system will ensure that

the flaring system is always ready for any discharge by making sure the

pilots are lit, and ready to ignite any flare gas presented to the flare tips.

[00104] The inventive control system cayyalso be used in similar ways (as
applicable) to monitor burners, pilots and other equipment that generate a
&S] 200 By ExmnhPlem: alofitires 2 whitsinergi teh dhdepildtsyd8rinto determine if
RARDES ro%rrr@@ YR DG W&WQ&W&R%&WSMHP%% Eﬁéee%&%f the header to
burners 14 and pilots 48 shown by U.S. Patent Nos.5,810,575 (Flare

g peiE AR ISt RDAEYS, lfgbeswrwvm@wmﬁaath@rsseﬁmeropel ators can then

tARPAE kIS BPHMelRMSh GEE84dR i NOXABeM i EHIERRK A PRRI S can all
and Methods), 6,695,609 (Compact Low NOx Gas Burner Apparatus and

%ﬂ@ﬁ%@éﬁ 89909, 52 PehREe th AN DB | ATBISABEENd NRBERGH, Fhdiow the unit is
16 B40niedd (Uit pitabir i asenRi otand Melbads)nadl of whichs are determine if there
mcorlpi)rfged referen ?hhere n, [OO}OFSJ1 Other em bodiments o{ t(ireThis can be as

Carkent inven |oehmv?/|IPBe apep3¥eninto thgse skiffe er rthe art from a

mhw@rétronrmﬁlﬁgslspmrmmsapQ@Utmecmﬁ}meerhvemfdmdmlcbé@dd comparing
HERIR LS (PRRIS0IRA SPeEficalion g coRgideed marely ‘3&39'81 H@Q{ there are

of the current invention with 30 the true scope thereof being defined

R RsneWiRl Braitricme Vi craes 25 A Mardieginyee é&fs‘ﬁ@mc%‘rﬁbﬁ‘siﬁb‘he operator
iR QR DasedHRAGIRISHEMINGI 1 'ﬂHQ‘E@IgEQWVQ% HMage Qatﬁwfstem can also

device oriented toward at least one flare 5 being ambiently discharged

O PRYRIGRBRIdE s of HElRfAb HE 1605 BB M08 %P@éégéﬁg‘%r@srﬁrﬁw Within the

cﬁamablgraﬁleieﬁéfmadl&tﬁm a{yﬁm tha cappureddimagated hetflaresang any problems

TR Sngrnnatng heesn e lare a0 20, SMOIRALOGCKAIUN ¢t aid
and an au bma are €ontro ésor |n aconr

lﬂarbghn,(}iwh@ﬁefmduerairmmecbﬂameahc)ﬁt?rcﬂrmdelmg arﬂnﬂnglsrmhe flarwach. The
IBESRONSE: Qi analysisrecrived; %E"\‘/s‘r@% 3Q% [ vy QAR by making

control'system of claim 1, wherein thé image captu re d vice further
elthecriar mierrcne sendr dodanits onsiflercarerascaterte erBaseiins|

eystan oficlaimed;whesgin theskfrared sRMBEaIR @ Neafilky U@Qﬁrgéi applicable) to
camera. 4. The flare control system of claim 2, wherein the infrare

regw]tgraprlrgngrﬁ,rsléﬁts and other equipment that generate a flame.

[66105] 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 (L.ow NOx Formation Burner
Apparatus and Methods), 6,616,442 (Low NOx Premix Bumer Apparatus and Methods),
6,695,609 (Compact Low NOx Gas Burner Apparatus and Methods), 6,702,572 (Ultra-Stable
Flare Pilot and Methods), and 6,840,761 (Ultra-Stable Flare Pilot and Methods), all of which
are incorporated by reference herein.

[00106] Other embodiments of the current invention will be apparent to those skilled 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

the true scope thereof being defined by the following claims.
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spectrum infrared camera. 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 20 camera control system,
thereby providing real-time, interactive control to the infrared camera and
the visible camera. 6. The flare control system of any one of the preceding
claims, wherein the image capture device is a multi-charged coupled
device‘)&;eaC era, 7. The flare control system of claim 6, further comprising a
light splitter 5 positioned in front a lens on the multi-charged coupled
devicelcamerh, Hatverainahey dight ceplittsingpectrally splits the image. 8.
The flare conggpgﬁygggggsgg Y PNEOLHRS REGEEAINg claims, wherein the
e

image capture device further includés a near-infrared camera and a
visible camera, whefbifafie?Re anagtrareBCarisaies qufms deras gnisast one flare

rimingnpararpeiesarihe visible camera electronically 30 communicated
through the optical-based imaging system. 9. Th§ flare control s%stem.of

any one of the prec&QiNGrerais “WHeret PRt GRSt SRS HRafyyRg algorithm
adptedefrom thegoaidtplisonsidtingof digisatuidbdnhigh-défitiiofdigitahd capable of
ideo ar{alo% video n%g%rgaﬁ[éons thgre(%fb 2 r109m Jh% (fLIare control

1SCIilI’IﬁH& %n etween ?] é\]] 4amupicnl pac ﬁ .
system of any one of the preceding claims, witerein ‘the image processing

algorithm is adaptednmet datifycantindivichgsiqsidefimthe capturesystem for the flare,
WIRAIANIGIMAgE At larenddt ThRJRES CORTal SYRamOfaMeRGR! 1o analysis

the preceding claims, wherein the'image 5 processing algorithm provides
RPN STBR i IREDATLEEEEY of the flare. 12. The flare control system of

any onge of thejpregrdingr&/piNSeRetginihe inaes: ROGAsSINGRAQTHAM e further
Pprovides precursory smoke prediction analysis on a detachment of a

AT OhITRYShrET TS 2PHA HiSHEC6MtORsystem of any one of the

preceding cldims flmkereinsheismage hprozessingialgerithfaptbvitiesa is a near-
igggcggsc%?{e%ediction of flame instability in the flare. 14. The flare control

system of any one of the preceding claims, wherein the image processing
algorithm proViteflre cursory syseulictibn efs hokbersiththél angatsl Fecflarea broad-

S&gg&@ﬁxﬁtﬁgﬁggﬁ%_one of the preceding claims, further comprising a

eedback control loop between the image processor and the automated

flare 15 contPIpfBERSSBHANIETER tRE FEBtAcEBII BP9 adaptgRere control
desahieaglddanity agempaiaiuie.efithe flateyn aseotuildue, @fdNication with the
detachment, a color difference, and a plurality. , )

camera control system, thereby provﬁmg real—tﬂne, interactive control to the infrared camera
and the visible camera.

6. The flare control system of any one of the preceding claims, wherein the image
capture device is a multi-charged coupled device camera.

7. The flare control system of claim 6, further comprising a light splitter
positioned in front a lens on the multi-charged coupled device camera, wherein the light
splitter spectrally splits the image.

8. The flare control system of any one of the preceding claims, wherein the image
capture device further includes a near-infrared camera and a visible camera, wherein the near-
infrared camera defines at least one aimung parameter for the visible camera electronically
commmunicated through the optical-based imaging system.

9. The flare control systemn of any one of the preceding claims, wherein the image

processor analyzes video from the group consisting of digital video, high-definition digital

video, analog video and variations thereof.
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of densities across the flame. 16. The flare control system of any one of
the preceding claims, further comprising a flame generation system which
includes the flare, wherein the automated flare 20 control processor
provides control input thereto. 17. The flare control system of any one of
the preceding claims, further comprisinga recorder, wherein the recorder
records a flare condition along with a date and time stamp. 18. A flare

controj| ﬁ_r COMRIANG: 2R %?Eﬁeﬁl? Eﬁaﬁrg&‘?n%%@ﬁé}%é@é&{%%ﬁglﬁg,i%@%in the image
atmosphere; an imaging system, the imaging system including: at least
rwecepricaldmbba toptaredeideyiiy e iaivaduabisrohe tisteatuisrhglectronic image
fapiyig.device detects, locates and captures a flame in the flare, and at

least one optical image caEture device captures an electronic image of

- . Image ol :
the flafrle; 307AK EFEHBLESSOR Thatn g pIRCBESSHBRIHG AR edyrgn the image
[HOFBRNe iR SIBELIIBIGReMAIVEIcCatian Witk sheeplicakhn age capture
devices; at legst gne ima rocessing algorithm hosted on the image . . .
orocodon, A PHOCLOANG LA R o1 ARSI hrein th image
retectsomicalpagbmwhersiosthecimagey pradessmdialgoritatydisoniminategiment of a
fpetw en :ﬂ? Hal_re and the atmosphere; and 28 an electronic output

ane Iromn C.. . . . g
generated by the image processor, wherein the electronic output identifies

at least®ne perdtmasridiphiasieata’ eniafafchantend agwmate sy Heren the image
FTOPLEOHRrAEESaRR GGG ha Sleeirric QiR the automates damgure.

control processor generating a responsive control input to a flame

generatfon syStePiR&L S M ENTHES Fhaufee bty RecaetoLoirstararein the image
aissid, fudhemeeropiisipgansnage Gapturereailteinsystenre.

operatiqnally defining control of the optical image captyre devices, ) y
ineludint opartigHeF cETRISI a i STBCBhrIE o i ThicatioR BsHyeerFifigs. forther
mmm&!iﬁ@ag&eﬁmﬂmcﬁemmsoﬂbemﬂlalﬂe dmgagmlbmc@ﬁadaimé ﬁ&w;qmated flare
OREF'D %Q%S%E’“C\%'JP%9et%ai%égﬁ%a%ﬁvkco%§~o}olb%%'”1%’ea%a AR OPSLAH Hientify a

In the Infrare /lriear-ln rared spectrum, and a camniera operating In the

toisjistetypreetibmiat. THwflrddsontdharcoktiamao, wiweeikiitheestiead a plurality

JMRgecaniuedeviges are selected from the group consisting of
charged-coupled device cameras, high-definition cameras, analog

camerd®, coldPealfErasoWratk g vite BameErss grélesestecditpefidms, further
Righrikheoninationsriieorefstem which includes the flare, wherein the automated flare

control processor provides control input thereto.

17. 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.

18. A flare controller comprising:

at least one flare ambiently discharging in the atmosphere;
an bmaging system, the imaging system inchuding:
at least two optical image capture devices, wherein at least one optical
image capture device detects, locates and captures a flame in the flare, and at feast one optical
image capture device captures an electronic unage of the flame;
an lmage processor, the image processor being at least a computer in
electronic communication with the optical image capture devices;
at least one timage processing algorithm hosted on the image processor,
the image processing algorithin capable of analyzing the electronic image, wherein the image

processing algorithm discriminates between the flare and the atmosphere; and
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22. The flare controller of any one of claims 18-21, further comprising a
recorder, wherein said recorder records a flare condition along with a
date and time stamp. 23. The flare controller of any one of claims 18-22,
further comprising a valve controller in electronic communication with the
automated flare control processor, whepgin the 20 valve controller
provides flow control to a steam input to the flare. 24. The flare controller

of any one of claims, 1 81¢3-MRErRIRIN e AGEIPECRSSRR I PALRSBA wherein the

electronic data file with qualitative and quantitative analysis of the flame.
chastrppis AR CEsHBer Vet Ve femmnecIBron et P BmEiSthg at

least grexsehefdame.gentration eaupreataonimellad-byihe ayiematedutomated
lare cont rocessor. 25 26. The flare controjler of claim 25, wherein the

ol
Wé"ﬁé‘?{é’r" HEHBRTITRENE & "RSPIEG £ BPRIFAE RS BFRARgn systom that

igendratieriluzeluding control of at least one flare, at least one burner, and

at leagiyone gilotyg 7. 10¢ flate coqirallesofany. one of claims 4 é%@.’ apture control
wherein the image processor inc udes a temperatur sen%mg alg Fithim,

SMim@tmléEréﬁﬁ@%Wﬁﬁ@él@@ri@ﬁn%@ﬁbém%@ feardiatailéayices, ncluding
o‘ﬁ@fﬁ%ﬂgﬁcgﬁﬁ%’ éﬁm&fﬁj’&ﬂf@ éoMMIQEQJmﬁve%ﬁ e %}ﬁipﬁ %fl%e capture devices.

controlling a flare comprising: discharging a flare in an open-air ambient )
enviroffment: TRfoARG g HR eﬂé?lféﬁ%?g]%%%p%%@ﬁh@@d)m%m&%%@ﬁﬁm devices
ARG akieast angacamerdc 3neariuipgitirisiagealithedlare @asmm operating in
electronic image using the camera; 29 analyzing the electronic image of
e S SRHEP AL least one algorithm capable of predicting smoke, and at

least arie algotithiarthains«hpalbleahdiscritninstitg: betivalemte cligneadd/ices are
the opep-air ambient enviranment; and adjysting,the flare based u the, ~ ..
R o R S S SRR e etnion
ceoprisingl eefirsmearneral einchargesoridcic amb raliBOc M an ety oflelagmeras and
Adpnheraintbe. figst camera is an infrared camera used to identify the

flame of the flare, and the second camera is a visible spectrum camera

used ©-focushp tigertredishrd angwsmlirdatns dfedtedHitinegyepigrga recorder,
wie-Ihethodof:-alaim: 3R whrre it Hagikiraced Game @ eraddpscaiaing

information tg the visible spectrur camera."Siﬁ,The mgé? d of any one of 1

claims 29-31] (h SRS Btical-BRs SHS AT Sy & e fgTPrSInE @ valve
cdigesininigdharign tiomsiatusidianit detastument dhoesmake pfofwesflareherein the

valve controller provides flow control to a steam input to the flare.

24, The flare controller of any one of claims 18-23, wherein the image processor
provides an electronic data file with qualitative and quantitative analysis of the flame.

25. The flare controller of any one of claims 18-24, further comprising at least one
set of flame generation equipment controlled by the automated flare control processor.

26. The flare controlier of claim 235, wherein the flame generation equipment is
adapted to control all aspects of flame generation including control of at least one flare, at
least one bwmer, and at least one pilot.

27. The flare controller of any one of claims 18-26, wherein the image processor
includes a temperature sensing algorithm, wherein the temperature sensing algorithm provides
for detailed variations of the temperatures within the flame.

28. A method for controlling a flare comprising:

discharging a flare in an open-air ambient environment;
monitoring the flare using an optical-based imaging system having at least one
camera,

capturing the image of the flare as an electronic image using the camera;
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33. The method of any one of claims 29-32, wherein the optical-based

image 15 sensor operably discriminates between a plurality of flares in

real-time. 34. The method of any one of claims 29-33, further comprising a

steam input to the flare, the steam input being controlled and adjusted

according to the analyzed condition of H@e flare. 35. The method of any

one of claims 29-34, further comprising an air input to the 20 flare, the air

input being controlled and adjusted accorging to the analyzed condition of

tho. Tlare. 36 SHHE BB o oo 48 AN SRCIGRh capable
ddjusticirtherftdre ainthidestcont@ingtan [dasitivepiibles! disbumessnabdiween the

fllPioisn3Zhamatiad ofany.ene ofglaims 29-36, wherein the

analyzing step includes 25 employing qualitative and quantitative

algorithms caditsiensftretlsseingsedriper dte rdatistecgubionayae flare.
detachment, eplopdisclnination Wwithinne:flasngrand demsily aEaHORSIIA second
the coloration bands. 38. The method of any one of claims 29-37, wherein
“HE%Mage produced is sufficient to provide for analysis including pixel

counting. 30 BRe: Heaadathodinf Zhywhaeinfictalins 2838, ifuthigfrared camera used to

iﬁgq}Pnﬁllgg'lgh\{\éag I@lg i%%éerrr]z’d g \s/\égrn? 9%%651'”%9? E rquiltgjllenggg‘c?t 1 camera used o
automated notice for at ledast a flame detachment, smoke, soot, flame on
foomditionpmtig flame adtcophiditibn chOirTine megsod of any one of claims

29'3_9 ’Sff’! rthEﬁjﬁg %ﬂﬁé%g & Iggigllﬁl gBB’,' n%@f&nthﬁéog%&& r%&’é&g ?rovides aiming
detailed date and time stamp for all conditions of the flare. 30 41. The
iplemetosrameondtls Sramis e durther comprising a step of pre-light

off flargydeteqtipnydadoding msthad of apnaNeoof ClaimscRO i ofithhased imaging
comprjsin%the step of smoke negation, wherein the adjusting step .
Proviise Pleap e SRRt et thestrirs, TRBtet g HeghtfgSmoke of the flare.
develgpmentidfesmeked 43. e dnethiodiaianyoolE eficiainsikOebldcal-based image

wherein thbel og.en-.air ambjent envir?nn](%nt I t?Iudes atrPg[)Isl}l:)heric
SCI‘ISO&'.PBGI‘& 1SCTHNINALes eiweﬁn ap L}I‘a 1LY O ares 1t real-tme. .
conditions consisting of Clear skies, cloudy skies, rain, snow, sleet, wind,

dust akdl con‘lﬂiﬂaﬂi@bgdtlmérfen’f.ond.OThéimeth%d_bfmyemem}ﬁmaims steam input to
S Tfé%e,fﬂfé@%aﬁpmﬁﬂ{%gﬂlérl%rﬁt'gﬂe(afa&@aﬁﬂ%%é' Q&B@&ﬂ@m%@%ﬁaﬁ%’é’ddég&iﬁon of

information on whether the flame is growing, decaying, out, or in a steady
teflar5. An automatic flare control system comprising:

35. The method of any one of claims 29-34, further comprising an air input fo the
flare, the air input being controlled and adjusted according to the analyzed condition of the
fiare.

36. The method of any one of claims 29-35, wherein the step of adjusting the flare
includes controlling at least the flares, all burners, and all pilots.

37. The method of any one of claims 29-36, wherein the analyzing step includes
employing qualitative and quantitative algorithms capabie of detecting temperature, flame
soot, flame detachment, color discrimination within the flame, and density variations in the
coloration bands.

38. The method of any one of claims 29-37, wherein the mmage produced is
sufficient to provide for analysis including pixel counting.

39. The method of any one of claims 29-38, further comprising a warning system,
the warning system providing an automated notice for at least a flame detachment, smoke,
soot, flame on condition, and flame out condition.

40. The method of any one of claims 29-39, further comprising a logging function,

the logging providing a detailed date and time stamp for all conditions of the flare.



10

15

20

25

30

at least one flare; an imaging system capable of electronically capturing a

digital image of a 15 flame generated by the flare; and a computer system
including software for analyzing the image captured by the imaging

system. 46. The automatic flare control system of claim 45, wherein the

imaging system includes an image proggssor, at least one optical image

capture device and software for 20 processing the digital image. 47. The
automatic flare control tem of claim 46 Iﬁl\dﬂ el e optical image .
captur?devicrl:n?sné%}}fn(fér%aa%I%%?é%l‘fr?%%} g’t e'géol%’tt 28?1%%?#1%513@ gStep of pre-light
ohérge tsdupled device cameras, multi- charge-coupled device cameras,
mUIt"SPfCtraII‘ﬁ@%%{ﬁt?d H%}QSHQ%'P&aMQﬁ mgﬁcgﬁg}%g%tﬁg l&ép of smoke

cameras, black and white cameras, grey-scale cameras an

KEMsTatiOREth efiso AUS TR eSERtGHRIICfl ke e oty stasvioftariyeofleref thereby

aimsAevibpmbsrsinthgkeimage processor and software are adapted to
convert an analog image to a digital image. 49. The automatic flare control
systerit-bf any Bh&6FGiMs H5L 4G ER BSpTISIng"fisre (Btrfgralr ambient
avhieseincthedland sontrolphdsidnceleltianic eaiRmign atiea Withes 301thEy skies, rain,
comp ég{, an tgueS tfgaﬁ?c%%lrg{ogk?g n%r(%gagef control to a plurality of flares

aséd upon thé  analysis per Srmed y {he software on the computer. 31

50. Th¢autoifiaticrftdredcohtrolysystent aflams GHieddt diaitns 45xd@ising the step of
' ' ' o) ing the digital .

D o A By

BcRgibuFigadystathe automatic flare control system of any one of claims

45-50 goherexnthgomanftvace ssmdapieshielsgntfy.an individual pixel in

the digital image of the flare. 52. The automatic flare control system of any

one of claim#48%1°%HEfEin the software provides analysis on an

ignition statusroftheiflareysdn Thapabliarnatie dadR Aontgheystem dbaslyimage of a

fE)neeofe g@iﬁng 455 ezﬂg\lgh_eggén the software provides analysis on a
detadiien OP%( ame 1rom the flare. 10 54. The automatic flare control

system of any onepofelayrterl 5:88dwh evéimatiedos efiviarie priovidege captured by the
Egﬁglxg@y%rg buildup of smoke in the flare. 55. The automatic flare control
syStem of any one of claims 45-54, wherein the software is adapted to

identifif®a plurdityrePindfividlaat sereteysigalsofr shithé Yitibaridbe wpging system

iflareidn anvisible wavelengthspactram ofhlug. iteshand,areencwhergin Weware for
softwareis . . .
processing the digital image.

47. The automatic flare control system of claim 46, 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 cameras, high-definition
cameras, analog cameras, color cameras, black and white cameras, grey-scale cameras and
combinations thereof.

48. The automatic flare control system of any one of claims 45-47, wherein the
image processor and software are adapted to convert an analog image to a digital image.

49, The automatic flare control system of any one of claims 45-48, further
comprising a flare controller, wherein the flare controller is in electronic communication with

the computer, and the {lare controller provides control to a plurality of flares based upon the

analysis performed by the software on the computer.
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35

15 adapted to define a flame quality ratio therefrom. 56. The flare control

system of any one of claims 1-17, 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, whereg'rf the image processing algorithm

further adapted to define a flame quality ratio 20 therefrom. 57. The flare
controll’%(@: of one of claims 18-27, wherein the image Prqcessi%% 54%‘ wherein the

algorithri is :gg%fleuaofgai%ce ify SO&tﬁ?éﬁﬁtgﬁnO i\?fgug?digcfe?émpsix om
thvelectirohidesmage gof shflane fhdnothenfigrenn tivisiblewawslength discriminating
ectr blue N n..wherein.the image processing algorithm
e B o tnerofrom. 56, The
method lof anyleeutsfreidimdang contralhioresmeig amvatyzing steipfudtthéy. wherein the

SOHRRHSRSASING A ieastonR algorthmsieddantbug pluialily.Qfrdisciete

individual pixels from the electronic image of a flame from the flare in a ,
visible WaveleHttHSpoetitiast BRI SR Yrash citheteiiifie 45-51. wherein the
afaiyizing stpsiute dafine s:aiflamea alpsatiodherefrom. 30 59. The

metho_ qf cla,'@gSS, Wherefiﬁ the flam?f L(%/uality ratio is thelisu[’ni of t%?_%u%herem the
intensitids for eXch SIRaGividELBY iHe ot of tHES RS OF réditehsitres
fofteactppixelplusithe sumdofagheemintendites formahetipixel. 60. The

meth_o qﬁpf C'a'ﬁ? 538L€tc\)N ha {ce i J%'Q?cg)l m%s gﬁzg}lyortatlﬁ) isﬁgeoﬁ\é%';%%e 9t5t§],ewherein the
blue intensities for eac plxea[ divided &t & total of the average of red
interaitiefodasachlyss piebplldntg svekadetbs §reen intensities for each

pixel. 55 The automatic flare control system of any one of claims 45-54, 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.

56. The flare control system of any one of claims 1-17, 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.

57. The flare controller of any one of claims 18-27, wherein the image 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 green,
wherein the image processing algorithm is further adapted to define a flame quality ratio
therefrom.

58. The method of any one of claims 28-44, wherein the analyzing step further
comprises using at least one algorithm to identify a plurality of discrete individual pixels from
the 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 quality ratio therefrom.

59. The method of claim 58, wherein the flame quality ratio is the sum of the blue
intensitics for each pixel divided by the total of the sum of red intensities for each pixel plus
the sum of green intensities for each pixel.

60. The method of claim 58, wherein the flame quality ratio is the average of the
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.



