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Improvement of Image Processing Algorithm for Particle Size Measurement

e

Using Hough Transform
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Abstract

Previous studies on image processing techniques for particle size measurement usually have focused on a single
particle or weakly overlapped particles. In the presem work, the image processing algorithm for particle size
measurement has been improved to process heavily-overlapped spherical-particle images. The algorithm consists of
two steps; detection of boundaries which separate the images of the overlapped particles from the background and the
particle identification process. For the first step, Sobel operator (using gray-level gradient) and the thinning process
was adopted, and compared with the gray-level thresholding method that has been widely adopted. In the second,
Hough transform was used. Hough transform is the detection algorithm of parametric curves such as straight lines or
circles which can be described by several parameters. To reduce the measurement error, the process of finding the true
center was added. The improved algorithm was tested by processing an image frame which contains heavily
overlapped spherical particles. The results showed that both the performances of detecting the overlapped images and
separating the particle from them were improved.
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Fig. 1 The Spray Drop Image
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(a) Original Image
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(b) Gray-level Threshold

(c) Gray-level Gradient

Fig. 2 Boundary Detection Resuits
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Figure 3. Hlustration of Boundary-thinning
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Figure 4. Itlustration of Convex Hull
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Figure 5. Illustration of Hough Transform

UEE VA - & shp) AN AV}

@tk 3 29 3 ke o) WE 5y, r & B
5 WA zIEA] eS8 T} ot o] 3 )
o oi7} ¥MEE 3a9e] oA A FH
(parametric space) (x, y, »& FAF a2 A



a8 8 FoA M 22 @8 e sl
My FR 4 A Xy e A 98 e
He deg BF3n, 3L X n. ¥AEE
RZ 4%}

o7} Ay FAE 3A4go|ng ZF AN
o §8¢ Tl dA Y& = AHL A
Hon e ALMATE 289 IHWA Kruis
P18 “sparse Hough transform”ol2te= ¢ e &
& MR ol BAE MMt Qu
Howz gPate] WA AAd e RS
99 F4ol € BE0 ¥ FANAM FA5E
ggcl ¥t uZM AANM 7te RES
7 ¥E FholAM A 7|A “sparse” o7
Wy FHE 4 5 oy, of o)) e F
Lol Mgt 88 AdEA Mg AL 4
g&A7 F qloh ole{# Hough W8I 3hr
Kruis 592 oi7] ¥4 Fdoa A4 92 2
7] Y8k} 2 }MAF E(threshold) Y& o] 43}
det. &, 71&0 HE YEFHCIE VEF,
threshold leve)-€& vljd] HAstz ofs) Wy 7
oA o] gETt ¥ ¥EE /tAE A
S 25 A4 fgog BFsln ¥ $EL 7}
Ae ARL FAsGY. ddyez e ¢
< 2 ol v|sty] He F9 HA H4L s}
Aoz, L Y4 2 9d vlstd i) w4
FgA Jelds Ad 280 2 meby
7NE GE&el VR Fod 2L Y945 27
2Fx=o o3t A" £ d. wad AF
BEao] vUF 2od AA U9 F4 F99
oz dAgo] HY FHoz 09€ + Ut}
AE So] Fig. 5(b)2] £ 99 U39 HAse
2498 v& $E¢E M n glemz JFE
ggagol olntt ol £ 9o Wie mE
Hdeol 99 FHoz A4d # U we}
A AA A%e 28 £ dE FER VE 8
B HAss e o¥g. dRo], FHd
AA 439 GdaA Qdae AAE B
ML PAEA Ran AR BRo] Yol o)
N W FRozRE AA 92 27 H8
Kruis $¥o] o3 AA g Wygoez: 2aA
L= 8

£ dFME ol FAE HdE7] 4
stod oA W FhojA AA 4E =AY
(center-searching process)& WAt M€
duFoMe dgd AF  EE U(threshold
leve)& Al HASA e & @e T
dzE osf Wy FPozPE QAT £ gl
TE &5k o7)dlA JAd dAtes dA <
27k " 7tesAol Qe Fr YzK(candidate

ool Gz A6 dA 1 5(2001)/39

particle)2 FEe0, o] FRF FoA
A2 o9 dAdE AAse ARE dndF
o 743t old@ EAE st Fig. 6l
Ao} Zo] FHY YAEEL 2 Heo] ue} 3
7}A F3(Type A, B and )22 EHalxa z
7o) §¥g Aesle gxFE MLk
71E dERozRy 73 IR o 7
Fefol gl FnYFL A2 A L3P (Type
A->Type B> Type C) ZX U4E F1 45
€ ¥R 7dM &adez AAND2 AFFH
o2F AA UALE AAEA "k 22
dneFe otee Mz grh

Type A: Fig. 6(a)= Hel9] dido] & ¥
2 gy go] 3 7MY YRa, b, H7F TH
glo] 9k 22 Hough W& 71F ¥ §
groll 2% A2 AHE AXY Fig
6(b)st Zo) 4 A9 ¥8 U(H A B, C DE
o] A 4 Atk 4 A TR Y FA
2 CcE 44 Yol ofdolxE ¥FEn Qo
2 2949 AYE ¢ & Uk vy Y ¢
£ AA=olo gt} ol A WY v
7) & (gray-level threshold) 2 258 F& 21
Az Fr A9 44 vasts e
o] &8t th. Fig. 6(b) & o] 23 g4
oA At 998 Yehl= Rold 9 A, B,
Do Uy 44 23 G4 wmy
Ax&tAgl, @ cE NF A FRAA 23
gAatste] BAAE g o] BEUA A
=€ FH 99 AA Jlger ofFHA)
% Fig. 6(b)2] B3 A ¥EH} F2 27 9
A Fr 99 Jyol AXEA) g BE
o] Ao #F Fr U9 AR 5% o]y
ol §jH, 2 Fx Y& X Q4" YR=
AFEd FRFAN AU dE E
o} Fig. 6(byol Al W3 A Aol Y ceo W
Ao 5%8 2522 9 CE FRIAA
Aol slojol sty 1 AHAIL Fig. 6(c)ol et
v At

Type B: Fig. 6(d)°ll Yebt A= A=} 2ol of
H QAEL dAdA 489 Yo |
ol Fazid WAl HAY & 2 A
7} ReydA Raan AR gdol E F 9
o} ol e A Qe dA FH AN F
Ag 7tAE= 2 hel TR Yol Hough ¥

© g9 duz dojd £ A F, oi W
T AA 92 JehiE Ad ZAHd
A 71E g3 ¥ $8de MAE
AHEo] EA4E & Uk o] BLdE Fig



40/= &

o)l M} 2ol Hl%g fAdA vl&F 2 F Ak (o] F+E TypeBE 28 F ¥
V&€ JHAE 270 olde Fr g0 ¥ 2 e FAHo 433 “‘*0174 k) ol
At oje)g Holl= ofr) dF FholA g FYollME dddle F FE Y4ES ¢
4 R 9o gEgE vnde g 5 Z HdA 9582 & 9 7} olyd &t
ZEUE /e FE 92 A% Ynx g HA fo2 E AAs EAVL °
2 92 FrzezRe A%l mg o shvte) fog Y| A GAlolA
6 1 AFE Uehd adelty & AF Holvp& —‘%-Er(li‘%—fﬂ 8L 9 ga
AL olg g F8(Type B)E F4lo] 3 & 7F A2 ZBAY FL }4Ae) Hdo] ofF
2 A olviell S Fu AL RS A AFH 2\‘01 gtk wetA olE
2 45 Ao FEE 71E0l sy B dFME H
Type C: Fig. 6()°l Yeb} &= QIAE 29, A3 499 BHE FH Yo A un
A 7HgAE) #B/(PY fRE)] 2 Bl 711— AAsd. &, dAHY 99
2 Holuel glck ol @ 9o Hough ¥ (Fig. 6(ne} WE %@,)4 wHo| ¥y
&2 B3l FX A& 78 Fig. 6% YE FTAA #HES T2 49 HA 90%
Zol M2 AR 2 MY TR go) Yepd o]do]l H™ 2L FH Y2 FR A

Object Initial Identification After the center

After the Hough Transform -searching process

(a) (b) (©)

Type C

® (h) i

Figure 6. Illustration of the Process of Finding the Center



WYos Fstn FRFAA Aok
Fig. 62l ZA$c a3 3 999 dAFHo|
5 9 Fo B 90%E £33EE Fig.
6(et Zo] ¥ Yoz Ay

23 ¢38F Y 23

2 d7A JAde dndEE Fig 19 9
Foll HE3s9n 1 AHE Fig. 79 JehY
. Fig. T@E WY BE  71F(gray-level
threshold)& o] 8% AA 949 Aol F
MY 49X Y AAI} Bolx AAY EHY
&A Jehla Qo Fig 10 42 AAAE
o] g3t} T HE 712 7I(gray-level gradient)
Al H= 71€7) 71 F(gray-level gradiem
threshold)§ A 8% ddo|tt FHEA JdHoA
o} A7t Fig. 1@l ¥l3td o Y&3A e}
B5& A & Ak Fig M)y Fig. byl A
T AAe EL& 1 4z g0l I
(thinning process)& A3 AT ojth Fig. (o)l
veht gle YA AAC disted Hough W
€ 981 7¢ GEGS HEsHd e o
52 98 + A% o Fx ol #9
A(Type A)9] A& A4 A7t Fig 1))
o, Fig. (DT BY ¥ 71Eez 3§ 2
A 939 AR P FE Y5 FRT
A AAAFI T % olFe] HAojd RE ¢
Bo] YA ¥ EAse AL #$AE
T %tk Fig. 2(e)= Fig. 7(d)ol] Hoj= Fx ¢
€9 #% B(Type B)9| HH L AHLslo FR
Qg Y& AAF ol Fig 1Mol 4
o B2 59 ¥y gl AAHAY. Fig. 7D
€ Fig. Ao F1 Aol %% C(Type O 3}
A€ ALY d3gzs B 474 HFAHo=m
22 dA Yo Aol o} FAE B A
2ol eivds A4 gAb FolA % 0% FE
£ 4D ASE B 4 U olEHT Ay
EEL AdHog & Aol7lE dAvt 4 A
3 s AE gt ol WA YAst #A
& FPol opYAY, L WP PE} BFY
e 59 Yoz AF Aol T o=
AWa] R gnyFd 7198 £E Yo
d& §9 Fig. 1)l & & A% 1 A4
o7 Folx A (thinning process) °lF < gl
2 AA7 Reae THE PMskA ERaa
Adc} ole FAS Hough ¥igd] AL F7

Aol gsierA] A6 WAl 1 3(2001)/41

S #F didlxz I g¥o] AL U
&S A F Aok o EAHFES
Adzte A FF 47 FAE GAFAG

3. 48

£ dFoM e #Ax3A F39 739 o
AEE Hgsle b 2¥E 250 473 F
AE AT 24 A gnYgFL AL

A2 HA AAE A HE 717 7
F(gray-level gradient threshold)® ©)43ldth o
2|3 o7)o] A9 F& &ol= 34 (thinning
process)& F7tsted AAE U454 Hough
HES FY98 F doAe ol s F
(parameter space)oll A 2YL2EEE il £y
$EE 7511, o] FR UE FoA dA o
€ 7 48 3AE =48 ol 4
o FHE 4RE 3749 RYez EHIA
Zzkol f¥olA AR AAE FH H4E AA
2 ¥ UA=E &g

AA G AHE ¢nFE AL d
g i, FH Uz Byt vjuny 43
o2 o|FASE ¢ 4 NoH, € A7
S 98 Yebd AH AAtel o 90% =
E J s

¥7)

¥ d3e dFYgAde 5H 72 AF
(KOSEF, 98-0200-03-01-3), A% &3y QF
(KOSEF, 98-2-09-0401-2), 18l BK21 Alglel
AR Aoz FPH A&t

FuEd

1 1.G Kim and S. Y. Lee, A Simple Technique for
Sizing and Counting of Spray Drops Using
Digital Image Processing, Exp. Thermal Fluid
Sci., Vol. 3 (1990), pp. 214-221.

2 K. R. Castleman, Digital Image Processing,
Prentice Hall (1979).

3 T. S. Huang, Coding of Two-Tone Images,
IEEE Trans. Commun., COM-25 (1977),
pp.1406-1424.

4 J. Y. Kim, J. H. Chu and S. Y. Lee,
Improvement of Pattern Recognition Algorithm
for Drop Size Measurement, Atomization and
Sprays, Vol. 9 (1999), pp. 313-329.

5 F E. Kruis, J. V. Denderen, H. Burrman and B.
Scarlett, Characterization of Agglomerated and



42/= =B

(c) Thinning Process

(e) After Type B Process (D) Final Result

Figure 7. Processing Results



Aggregated Aerosol Particles Using lmage
Analysis, Part. Part. Syst. Charact., Vol. 11
(1994), pp. 426-435.

R. C. Gonzalez and R. E. Woods, Digital Image
Processing, Addison-Wesley (1993).S. Y. Lee,
B. S. Park, and 1. G. Kim, Gray Level Factors
Used in Image Processing of Two-dimensional
Drop Images, Atomization and Sprays, Vol. 1,
No.4 (1991), pp. 389-400.

gy Avi stz &6 VA1 5(2001)/43



