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Abstract— For quantitative observation of flame, an image processing system for visible flame in utility
boiler has been established. The methods of determining flame boundaries and displaying the distribution
of brightness in flame are developed. Through this system, flame images can be captured, stored, and
recalled. Coloring of the image intensity, magnification, contrast, and comparision can be performed
from a user-friendly interactive mode. To make data base, this system has been tested on S power
plant boiler.
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Fig. 1. Schematic diagram of flame monitoring system.

r"
-
°
I
1}1‘
ﬂ:
3—_
_Jlﬂ ofl

3 4 Llrewﬁ shedsabe] s

§]_oﬂo” !_ET
A& gabsted, oo (broad band) 3} ¥ H % (narrow
band)& I8 ule} ng?,h_ nes

el wedeuel X SedEin i kel vt
ks e skl FodAlel el pAlH e

e ¢ ode frdd Aol #edihA] Aeilehs
Fobg-S galstel el S vhestA s
=3 WA o R Fel EL °1XI°M P& 7 oode
(o] z
1=

i R R Alﬂ}. PEI 2

h

[e=
poty

dabe 71E W GA Aol Edal §-85 B olu,

HedH o] $E8 Bato] sholdehel dholel i 4ol
sle), 7hol e} 2l 22) sho(Zoom) 715 % 5] o] %
Folq A7) Asalr)w sk Zelut el
17h Seoll e sjo] l7] w ol 33 ) ojely
B9l o] A Aslo} Aok sl o
Fhollel B Wy o] B2k el s elo) nlAlgh ol 7} vhe
A 4] elck,

ol 9p4te 71&e ZRA] speapubo vy Alw 5}

1

ot O,
¢

o

N o
o do

48 7] ol g Weolu e, vk U E B o Fily] o)
alol Waeal Fulol 4ol shejstels bl o
shs AAgelrh @by stedel Ay s ¢
A 715, ARl shed grel & fls) st ghA) A
At Bieh bAlstd el wuE e Eobel of
SRS o Beletel faba o) WelA
ek . s Qi a4, e, 2]
A7kl W w58 I%H }"d o T,
22b8e o)) Eleli 7o dAl2 3ol 'L]'

B30 W ofei ] i g el e
shajel A7, W74 i 4 2kel el e 4
ol s el F4, e 9 F51ak Aol upe} oA

fo

Offi4X| =& M3 X232 199443 108

Chebuieh, o] %A Al A% Bebe] shalg o
ohiaL iabg e wkelis 7e weluld she
W A ANAE AR AR o o .
“refu oo alo] wha) Aol vled glehi: o]
Aol e,

¥ el A

LUy

PSS B S13ko
4 2YsE A A S 3

T2 ol 4l
e 6}015§wuﬁmyouaon 84 29
wageh Sgadel e s elakg odofs
A, SRR &gk e shyel o
e Sl 9] AFEEs Aoleh o] ¢ el

AFg-¥ 3 glis
K R imeUNEA PV

shed 127 o]

sl eboll 2jgh abdo) Y

= 3
‘LLY]:" VTR

o [}
o 4ol RulEfeo] abslel 9liz AS qhebslel ol
% shebel s & 4 aliz b Al wal ]

A8 4] shifolch,

2. 74 % 7ls

St Alage gxbgar vae] uhdan #x)
#% Akl ool S8 ol od Ak

o oﬂ zl_&s]- 740]1:}

§P°d FAl Alzgle] A Figo 1@t gl

el ghellelE 8l of dbel ofabAe) ) AR
F el glaf Alolso) sz oo s npyl ¥
Yo E R FHE - o))

Tl Zhelebs el CCD(Charge Coupled Devices)
Fhvlebe A g don et Salele) 49 3ol
7F A T 2t W ole] =3
R /I—/Lol _r] 401] 17HMI

Al mole] 714% 2% 215}
At 28508 7}
Jr'.—;i— ol Al Elof oluf yhuubi: W WMoE ko &
Fod lowd 5702] Alefpshg vhalaL glu),

°d A 2] 7](Image Processoryy= 8hit -3 3-8 7}3]
MATROXiil2] MVP-ATA] 7o e 2 Re] who- &9}
A3 v ajel dasl upite] ofuf 7] 7o) odab
gl 8bit °d A
2] 7|(image processing unit)+= HA% AD W37 (co-
nverter) S o] &ale] wWle] why|i o5gubA g Lol
E]X]E’ FRL v, darele) glgsle] was 2t

S relgbel by ol e e o sy A
7H uke ElebAE 2559] AR e Eivh Al
-5l s Abe- DA W gkololl olel chA] Hlshals w
nhylo] BBl Kol o)

shed Al Alsrlo) vy od e
& FAR] 7] 7] 2 Ml sk}, Aeks F“-

Zlwhe 2 sbar glvk Fig 2 sk 452 sEvhd vl (Pl

-0 x

A 2] 2kl (image  processing)-3

| o7kals] i

918k 7] 8



g uelel sheleda AR el gk ol 169

-

["File | [ Imege | [ Camera | | Analysis | | Guit |

Load | Pieudo ! r Acquire Lgiffercnce I

| Save | \ Clear | | Synchro | Contour
Path FQU' ring
jarenng |

Fig. 4. Difference of two images at different load co-
nditions.

q) 5 Fxbg golshA &}

o §l(Zoom) : #eiel EXNE 4w st B
=

*» 458 (Quartering) : 3} A4S 4] FHasle] WMo
S=

« vl (Comparing) : 7 &H4ke) ‘5‘}'°]'§“ Helgonay
ol o] wistael i 4lAl o o slA & Erh

» -9 (Contour) : -2 %"] o] HRukg FR-3lo]
Holfrh

(a) Original image

3. 8 #dn

Al shed kAl A aElg SElEel] A gstelot S
e 560MW H frelel bR A 43k (Ta-
ngential Flame)?] el & 3fsbiar qlvh

Fig. 370 2eleld flafe] stda) Az 7)He
,}ﬂ &} §}°1 o- v) gk Ao)r}, gtofe] ef oA w2}yl
FrE A e 4 gk Adste] e 44
Aol R S 500 s o) ) e e skt
. i wops uch oA B 4 Ao
(b) Pseudo-colored image Fig. 4% -5} % 70ell ub 2 s 4rg Al gk & -‘f* 3} 9
Aol & M Alolrh 7 AREHE % 9 He] AlAN
For 12 3 4 e r gejatol, 1A o
el 2akEwl gkReh vl o Aol 4xktwel,

Fig. 3. Pseudo coloring of flame image.

Down Menu) B41-% =98lo] 2xAbx 44 ul-§aL 2A}-.!’-ui 9} o Abztol 1/\]—!'..”] ARt = oL b &
A% g olew, 1ot e ohat 4tk 3AbE ol cheby ol th 5 141 2] Pixel @2 I(D),

24} :‘v’_“ﬁ 9] Pixel % I(Z), 3AREH L] Pixel e
1(3), 4251 2] Pixel 348 1@)et sl™, 22 38 4132
Eq(D#F 7t}

o 3£ AHCapturing) : W&h= 8lele] Aeb & 3 3akc)
o % 2 Save) : 3tde] AelE A A gt

o #2iR7|(load) : Aol A= 3hdE ha] B
Frf, I KD 1220, then I[(3)=0, Id= | LI | o
o A A 3HPseudo-coloring) : £F3 <3 Abol] &k g I LD 1200, then U= | (D12 i, (=0

Energy Engg. /. (1994), Vol. 3(2)



170 st - oA - 3

oleld 7|52 g9 oL f7E Bt
#8357 o] 49 £ 3lg ALE ZdHct F YA
e el st e & 715 B F, 5 o) AR
AN E VEEd Y vmgoRy ot - g
Zolet. o] & #al M hgt 3] daAte e #A T
AE7E o, A o 3HY3L HA ARE 5
AFolch

4. 48 A E9

71Ee] ] ghelehE o] 43t sl S Ao R
Festr A4RE $YHE FHAIHe SAHR
g A ARl e ARkl ole) gk HedzhA] A
282 o3 2E S Al =58 &
Ao 2 7},

AAZ A2t RS THS AU A Al
22Rel A= ede] AHE A st BoFs 7]
& AFska gk @A R4 el et A Bl 2=
AAE 7|2 LB el Ao} e 3]0 3 Adeoff 4
& Aeo] ofve} M tate] F3 “ﬂ Faugs H5
T vk AAsLE Fale] A de HH 48
Ao} F e mEs 4#@ T 9lew,
ol#lgt g A A} fA 7Y F U=E
atEd =e] Qi)

AR 39S Ao Fe = o) AEH
FdHe & HallA e AHE AN £ 5
wEh =7kl EAbsle] AA AR st o] F
st oA A st G A dxie
stde] Al E wlm, EA3l7] fg ZiExtast H
Holch & 5 3t 449 Aol & Tl FoEx o=
5217} Bw3] golAeA wo o] FHeA] dobE
T odE ZAolel =3 0¥ A e <Ak A
i 39l Alule} nded AR - d8/F7]9]
v, 72 2%, A5 o F - o] AuAAE F
Aslo] 3ted At 7| 287 F49 4 gl Aol

oleigt }F7HA] A|AHlE BEAHOE FHEE7
sl e of53F 22 Hol s Ax|ojof g}

AR 2, stdzhA] Al2ae) JEREs Sfel] A
== o] oli= A7 etel] 2gt Zlol B2 o] Fiwi|ete
gk A4S odotef bt Fivlete] HAAbd 3 EA
(responsivity), @ % “d(uniformity), %13 “d(linearity), 1
3. A58 (signal-to-noise ratio ; S/N ratio) 5ol Hgt
283l AR FE5E gAae v} AHegFRow a4
sl AAAQ FAe] ),

EA R, 71& AAE = A A gt 2%
sy ﬂ‘HTﬁ}iﬂ*’ﬂ rgEtals A5 sy #

nllo

[+3

0

ol X128 H3H H25 1994 108

2ol ui-¢ A4 ZshAbell(Saturation) of =¥ EeE A
7 EA sl Ao valr) ol dt 2HAH =
ZHA] shelieto) shed o] uhr] ARE SA e WA
FatA Hug At 5t sHe] "o A o
ol2igt A& WAsl7] M= Al Fielete] wl=
2ol ND ¥ (Neutral Density Filter) 2} #o] <48
ool WE A= AAE F3sle] 7]E dhvlel

Agg Fol/h, o A%e) bleE vARE A
e -a— % glg Aotk
Ai] BEL

M4 walejel dxgas A& M F
gt &l AH(parameter) 9] 34l 3hed e

4%
AW 2 RE ghelsl dolc) o] 93|

!
-

o R é &g
:1°“

8
2T E 94

e vy el A4 aabd A5 HAHE #Y
o] o] Fo] o} g}, 7} efe) A AHL 5ol o 7 HE]

A&7k A - E(line integral) & AlEo]7] wli-ol
st o] 54 ohRle] vasP ARE A7) Yde o
FAeyst e e solslorgth 2oLt o
Z#%Oﬂ% By 63}}}-’] Ao g Qg gHAI7E et
Forbsieke) g shaeledol el s Aol
9\11 g_,_ 5] ,q,zloioioﬂ 7‘,:_];4 9\1'7 2 sz 7&
SEAE AR £ & J1E o2 nAE el o] H¥el
olef] gt M wHE 22 FAety] Halxe W
Fo% gaeh o) stedodel Aol o Parg
(emissivity) &3 #*-& EAAE WA 4 A
oo 4 43g 5 el
el Al AlaEl Helel Aihzzde] wEE
s gk Awsta 4 4Y 2AF Hshe A
}

Al 2] (Expert System) o] 7| &7

4

[
BAse o TR wafsu, yez
B/, A58 5 443 A5 5
AR BEE 29 TE5E £ U Aol

Hozs

1. J. N. Cannon, BW Webb. and M. Querioz: Testing
of a Tangential Coal-Fired Power Plant with Water
Cooled Probes, Fossile Fuel Combustion, PD-Vol. 33
(1991).

2. A. V. Sudarev and V. I. Antonovsky: Experimental
Study of Radiant and Convective Heat Transfer in
Power Steam Boiler Pulverized Fuel-Fired-Furnaces,
Proceedings of the 2nd Inter- national Symposium
on Coal Combustion, pp.596~604 (1991).

3. V. J. Antonovsky, B. R. Chudnovsky and M. A. Bu-
khman: Radiation and Convection in Steam Boiler Fu-



g rale] steiod MAdspgFHdeld A o7 171

rnaces when Burning Coal and Low Calorific Cases,
Proceedings of the 2nd Inter- national Symposium
on Coal Combustion, pp.696~—~701 (1991).

. Y. Mizutani, Y. Matsumoto and T. Matsui: Visuali-
zation of the Reaction Zone of a Flame by Image
Processing, J. of JSME, 52, pp.1931~1939 (1985).

. Y. Mizutani, T. Saeki and K. Nakabe: Visualization
of the Reaction Zone of a Flame by Image Proces-
sing(Further Report), ]. of JSME, 54, pp.2219~2227
(1987).

6. A. Arakawa, K. Saito and W. A. Gruver: Aﬁtomated

Infrared Imaging Temperature Measurement with
Application to Upward Flame Spread Studies. Part
I, Combustion and Flame, 92, pp. 222~230 (1993).

. Ha KS. and Choi S., Interpretation of Emission Image

of an Axisymmetric Diffusion Flame into 2-Dimen-
sional Temperature Data Using a Simplified Com-
puted Tomography , KSME Journal, 8(1), pp.94~102
(19%4)

Energy Engg ] (1994), Vol. 3(2)



