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ABSTRACT

This paper investigates circularity of fly ashes using the digital image processing. Fly ashes directly collect from electrostatic
precipitator when the load of conditions of boiler are changed at a coal-fired power plant. Circularity measurement can be
accomplished in five steps: (U image acquisition, 2 grey image processing, 3 detection the component to measure, @ binary image
processing, & feature measurement. The mean circularity of fly ashes is in the range of 0.78 to 0.83. Fly ashes collected from the
same hopper has similar circularity regardless of the load of boiler and circularity increases as going from the 1st hopper to 3rd one,
namely as particle size become finer.
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Table 1. Chemical Compositions of Fly Ashes (wt%)
Fly ash Si0, AlLO; Fe,0; Ca0 MgO SO, Na,O K,O C Ig. loss
A-] 63.8 248 4.6 23 0.9 0.3 1.2 0.7 0.7 1.1
A2 62.0 255 43 22 1.2 04 1.3 0.8 0.8 1.2
A-3 59.5 26.4 4.8 2.3 1.2 1.0 1.3 0.8 0.3 1.7
A-1 62.5 24.9 42 2.0 1.1 0.5 1.2 0.8 1.5 2.1
A2 60.9 254 4.5 23 0.9 0.6 1.2 0.8 1.3 21
A-3 59.6 264 43 23 1.1 1.0 14 0.8 04 1.9
‘Table 2. Physical Properties of Fly Ashes
Fly ash Collected position Specific gravity B;f;:e(:;gag(;e Mse::; I()S:E; le RCSI;‘;ZVZH((E Hm
A-1 1st hopper 2.06 2760 2733 228
A-2 2nd hopper 2.22 4180 1247 3.8
A-3 3rd hopper 242 7360 5.39 1.7
A-1 1st hopper 2.08 3580 22.85 16.6
A'-2 2nd hopper 223 4980 11.00 6.32
A3 3rd hopper 2.40 7920 5.38 0.2
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Fig. 1. Schematic diagram of processing for image analysis
system.

2.3. C|X|E o|O|x| 224 A|2H

B AFoA AHgg olulA] B4 AlAg AL Fig. 1
7} 7ro] FAPAXA LA JEOL 5410, Japan), =71 (Scan-
jet 6200c, Hwlett Packard Co., USA) @ PCE A Ho]
Ae= A2EH-E ARSI

ojujz] F-AJo o] &3t e 132 LECIA QWin(Lecia
image system Ltd., Germany)2 ARMS-3}glT} o]u|x] £4]e
@ olmA] 5, @ onA AAE, @ HE, @ oJv|A] F
2], @ FAR9 HAE AA olFoHTh ko= o]
njz) g=e cep e uxd e, dnjgls 2
2 ojmA] YEAXE olulAE A tiAES =
AHog B ApoMe olv|zr] JEAXZ FAEAR
u] 73S AMEEIA T, SEM ARRLE: o| R H4] Al2Eef 9]
F3}7] g8 2N E o) &t AU E o] 831
olmA|E A& o =7 HAo] 7Fse, 3lE2 150 dpi,
AAZE 110, THEEE o) 2AYE ghit2 W53
o] & Aol 71 5 e A= 2° = 25672 A8
stk G oln)A) 9 =T 520x 400 HAAo)Rle
H, o]ZA& AA o] 8.81 cmx6.77 cmell slFH ).

NN YE AAZHEH Loz ojulx] Hlo)H= oy
A FA gin® oy TAY] ojulA HAAPE A
A FAHAG. 2AUEEYH 53 ojujRlE woj2y
Aol B3 ux] ¢ FREAE g 7] o
ol Zulz olulx] B Hgsrle ofur Hi,
oln R A 7PHOE SAEIW F%3}(Histogram
equalization), 7F$-A]F T E] % (Gaussian filtering), 3= &}
7 2] (Morphology transformation)Z 3}, zt 3|4 3tel
e g el 52823 A 34 ol g8 2=
A BIAA M glo] § o] AFTEA ReF 3l A
ZHa djulz) FolAA st

220y F53le) 93 oju|Ae] ZEZJAEE )

A= QA Y, W) ojm]z| o] JE-L FrletA =, #
A B gtA] g dF 290 FEHAA HUA7 9
ol 7H-AIQF e G I FeEy A& st o]
AL MAXNZT HA, oHA ] F&& HE AL o]
&8s HoE, 7hAIRE BEE ©lR)$} 2D Convolu-
tion QA B8l AAAN L, 27 AAEF 2 EA4 9
TZE B89 7] 9 wHos X (erosion)d B
(dilationyS ©]-83tgTt. A Al ofsf) 2he E7|¢F 7
< @ JAEE s AAsty 2o dgste A
Aejol] o3l oju|Xj= Q] oA E E-H33r.

oju]x] A& sl o] o]u|X|(binary image)E
487 &7] v, o|v|A] M apgela ozl ofn]
A& F49] ol He YAE WHLERY AEsa,
o171 oA E WA T7] AS WP R FAEaRS
o] 8- AR A% (thresholding)oll 213 WHE AEl3
o2 AR ojmA N AARE VNFL2 A Fo| 1
ojAtold Mo Ww 7t 2552 wiR e, T Wit 7
A 25 AR Mol HE gk 02 wiAskd, XE dAE
ol WiA¥} RIEHTE JAZS AT ZE ojulx
oA tigh g AARS B = Q7] W&o, s|laE2
# Egtolgolvt 2EHAXNA e SEHLEE /)
AAA, FHo EHUE F|LEIYS BE Jgos 3
AR Fol A&

=
oW, HAAR FZxgded 44 de é%%j} i
AEH AFEF S AANA Fosant
22 (measurements)S §9} e Ao oz FeojH W
Fe dow, A A4S wdstr) siA Azre
A S el DEAF(circularity) 2 SRS, 2 4
# Aol 71 8~10 o8kl A ke 7l A=
AFAF 06 o5tz e, JA9 £ 10 AR 4
i a2 B A e Fdg 3" YRAES AA
AAY &3 AR F= 400~7007) 2 31T}

24 gYXNF 25
AYAFE 7 e Al GJelA TR

4 XX Areax 1.064

3 2
Perimeter

M

Circularity =

7] A, perimeter= F7He] =3 7k A E g
stz Ao gog dAte] FEdsHE o, 1.064=
perimeter Aot} o] 2= o]u]z| ¢ o] Fs}ol| o}
& EAMge gFg Fol7] A% AR AMEEUAT ¥
H(areay> YA+ W A WHHoz 9] HAE X
ol WF J4dE9] F /TR SA AT

A 39 Al 8 2(2002)



738 olsd - AZF - WS -

iBum @I

()

o|9¥F: - E. Sakai *+ M. Daimon

(d)

Fig. 2. Image analysis procedure. (a) Original image, (b) [amge aqusition and grey image processing, (c¢) Detection the component to

measure, (d) Binary image processing,
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Fig. 3. Final results : (a) Feature measurements result of digital
image analysis of fly ash A-3, (b) Distribution of the
circularity.
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Mean : 0.76 (27.33 pm) (a) A-1
Feature : 414

Mean : 0.78 (12.47 um) (b) A-2
Feature : 632

Mean : 0.82 (5.39 um) _
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Fig. 4. Result of the image analysis for fly ash A series.
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Fig. 5. Result of the image analysis for fly ash A'series.
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