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ABSTRACT

One of the main applications of digital image processing is the estimation of the number of certain types of objects

(cells, seeds, peoples etc.) in an image. Difficulties of these counting problems depends on various factors including

shape and size variation, degree of object clustering, contrast between object and background, object texture and its

variation, and so on. In this paper, a new automatic colony counting algorithm is proposed. We focused on the two

applications: counting the bacteria colonies on the agar

plate and estimating the number of seeds from images

captured by smartphone camera. To overcome the shape and size variations of the colonies, we adopted the distance

transformation and peak detection approach. To estimate the reference size of the colony robustly, we also used k-

means clustering algorithm. Experimental results show that our method works well in real world applications.

Key Words : colony counting, distance transform, Gaussian filter, peak detection, k-means algorithm

n

ra 2Al9) A4 ok
Rotel A Agtolt 2k
Aeg x}E 2 Al 7)ol Bast,
A BOIAE CCTV s Uje] Atgtel 8 Helx
Aof gk &, YR} Hofol At HE el (petr) A
slere weeloke] 42 AHFOR At =77} Aast,
B4 AFgeh Hopol Al QB A4E A3 Akt
ofof gtk oloh 22 Thyst RoplX BAI] g A
FOR AN 277k chepsbl skl WA
W S3ME AR g ol§sto] SEOR HA
L 497} sl & At olg e BA| A%
2 AF0E AWK W] 2HE Wi
HE olsh 2 A5 Adcomnting AL B WS

(1} 7%

1:1:

_lﬂ

[e23
=2
oto]

E

"E-mail: ykchoi@koreatech.ac.kr

b

il

%

n

ok vt
B oA

l

R A, BA0) Fwiy

7 Wshs ouj) Sof wel At we] AH
E3h At sk B4 Feizh 4FAA, el
A e qlole] A, 2717t FUTA, ThrE 27
Az ek So ulel BA|9] do|w=s} ek
%g g]_;ﬁc;] om} 4 ‘_] 0 ] ‘:HE’H Ak EZ]—O]_‘— OL—ra
%o 01094; SAA, AR ofei$o, Hebd A
£ e WA ol Aw gelsofof gk
&S Hoo A £3] attEe HED
"“l W o] ategfoht Mg Alestalat gt E3L 5

et {o
> of

L 12,
X

Q] ool RFEE M YeINe A% BAS 52
P QRS AvfeEon UT Al As 2

é md'

2 g g
oo} ZE AABO] Agoli thewt g Aol
mejeojof gtk WA Alo] Fejrh ot ehede] @
Axlo] QAL orxjuk A AR EZ(convex)dt HE)

2 gARt AR thgor 2a9 2717 SUst

24



72l W] 7Rkt 22y A4 gz

il

25

A ¢krhal 7}Asie) Fig 13} o] dhg|g|olut A2 7
S Tk 2719 AR e Ee, ot A4 o
T2 o]5L uraldt 4= glojof Btk mpxjulo g A
Ul EZ GAlo] tidt AeE noslgoenz oalol w7
7}”3}3} whebA] Ala il
«]ﬂ J,].ﬁo] i?ﬂ—ﬂcﬂo]; 3t

0ro 2~ 0]
w=E T M

%%}ﬂaxo

Agkeicy

B =go) pAe thedt 2k WA, 244 wele
A7 ot Yol AR B A el
ARHEITE 4Aol e A ATHE Bolnl, gl 28-S
wc

2. 2 A

ol AFEolA "AE Gl A Mg A
Tor AXtsh HUP ot el AAE I
= olERt dTEe AR =Ee Hastgletll
71 i34 Q1 Wio] 3N (transformation)o] 7]RESH HH
Solt}. wiep Aestial sk BAZL Yolw B
o7k ulwa A ek 4 9lcku Hough WEHS
AHEE 4= 9l Barbers2 ¥@ EAY F41E 37 9
3 Hough M-S AT, Bewes S F2 AAS
HE3}7] $13l generalized HoughtH3HS A3} TH3]. 9]
PUSE ARILY she AL YA ke 35l
Eo] Z= QA 12| ke A A
ok wo] Sk
=7¢] %“\VJQI “41%‘ % 01513}5 fast radial g
%=, Schiers-2
et
& A0l 28 2= = A A 3
gol oA BR FA] ¢ A Uthdtks &el

1o - oo &

ek
Distance HZFS AFR-3l= HHE A)|otE] 1T} Distance
W32 o]X] Aol HgE=t, oqd Favt w47

o it "ol QUEAE et 4kl n}—ovq

Men 52 distance 3} 317 Ab
gsto] #HED HA Wl gt elotE 74]-?3P~ ‘%E’j‘%
ARFeFA 5], Zhao 5= FES FUS At €2
2]&S Hastlrhe].

o]e} 2 distance $ZHE EXQ] Fejrt dFY e
7F glow A7le gk W] grethe ARl e,
Mgk & GAolA B A(peak) gHECl 2 =4 FAHS
Uetl7] d&ol Ales 9% w83 ARE AlF
sk 22 @AY MEY 2 HREs}t S s

ok

Y3 2719 HaEo] AHNA s B9t §°
WAyska, Algs dite] efE WAL 5 Atk
o] O]E‘.

2 =M gt 249 AlE SR Mze

nZi

HE Aottt Aotd dazlEe 7]*—73} o dukz| ¢l
Ao A 9] Algro] 24ES W), Algr giAte g HE
g Al Qe DP“’W A7]9] ghg|gjoht ATtEZOZ
3t FE J4 5 AA BN AT = Qe g1
&0l 27 Wk weky B4 ey 2] W
Slof| HHelA EAS] HEE AlFdshs distance HEHS
Aeigiel. 3] distance HEF JAto| A w325 HES w

W= ZAE s A S-S A EE
Heopshs WS ARRITh o] B9 Iy A7 A
T Ao 2 g A=, AdE PHlNE K-
means Y25 o[§3t] A2 FESt WO A
71 ARt oleiRt ARe vA g 8] ARt
¢ 37] AAole ARgEe] uie- PR A9

AL 223 2~ gu 2 Flr)

O{N

3. MjetEl ¢ma|

iy

Fig. 2= AiRkel Wile] A4 85%5 Wojer A
A2 oAbl et e BAL B3 WAl het Az
of Aol AR olF YL WETE ofF o] Yol
distance WF BFE FITE A5F el wE B
of Hdst "ele A3t AP Y=g 27|12 93
A& AFsfor Fek olF 98 Mo ety >
FolloF ohaL, F=3 wEtulEE ol 8al T =A<
g AR

Journal of KSDT Vol. 15, No. 3, 2016



26 2y - o)lE5F - HYq
el g/l rolling ball Yar2]ES A-§ato] WA
71& #dsket & oz}t EEA|E 3l o7l P T
| Background subtraction ‘ Zr} o];‘l_]_ 03/%]—94 78!7;" Oggoﬂ/\ﬂ Hel-l\gzg— P 3}\% @-g;
[ — | A7) $13) BEZA) A4 =, B opening
1 AL A gt g9 ks e A o AR
Noise filtering _’| Blob extraction | 2% BAEE et a&d o s £ 4= gl
(Merphology - opening) 1 HAFHoZ TN L oA G olgdte] A% el
| Distance transform ‘ | K-means clustering | %O] Z‘%%E]—
| Estimate reterence size | 3.2. Distance Hgt
! £ =FoA= ol ehdat 2ol &4 FEjell Al
| Gaussian filter }17 gl:O] S}\X]‘ﬂ' ig(concaVe)f\s_]' ‘7\‘0] ‘C %E(COHVCX)??_}'
¥ FHE 2= 499 2719 EAE 7MYk olzgt
| Peak detection }47 EA| 52 Hough ¥gho|u} Template matching ¥} Z-& HH
é & 288 4= glrk. Distance M o] 79 £L Tioko]
Lo, 2E 17 segel da 1 ke WA
Fig. 2. Flowchart of the proposed scheme. o AYE Z= Il wEolXth B4 4l vl
oA 71 A kAR & = glonE WHEt JAdoA 71
3.1. QAo FF 7 kol 1 EA Mo] Hr} oA Alg dareg
ol AW WA WA B Geig pase) dtance WA FHIN A I GS e S X
o1l PE WE G o|BE st Owu o = FEOm EAL, Disance W] S A
WelEE ARgshiyl, SISl Fehage) a1 0l Fig ash G ofd 7 FHE A8 P Gl
(inter-class variance) & Z|4Fsh g ol gejgr b AE A 00] Gentt 12 A3
(theshold) © 3}k, RHoF 4po] Fig. 1(@)9h gro] 4 T Fig 5= Olef 2 disiance ARS] oS smeiat Sich
AT 22 22 21 A NA FeRTH ZA7F 6l . i 5 %8 8
A1 09} o) ks EoR olslolq HIAHA Y 5 6 52 32222123
Al R B L S PN T
TEAE= Exﬂﬂ H7d& ot olxst P ot BLA1AS 32123 3211123
+ o] &7t 2-5-%(adaptive) 0|73t 7|HE& AHES o RS ’ ’ ? % % % ‘
ojof gttt B =A== 0|5 ¢4 rolling ball girg]E () (b) ©

]
=

I

AestATHT]. o) AL 77t FAat wjAe] Bzt
2874 Qth= /1AL wiEto 2 1=t Fig 3@} 2o
e TET W] B G W Uit A
3|z TE & R(grayscale morphology) HAMS Higlo g
(b)&} 2ol FUstst= 7|Holth

(b)
Fig. 3. An example of rolling ball algorithm: (a) before and
(b) after rolling ball [7].

vhEAT) A ao]7|458K] AllsH ABE, 2016

Fig. 4. Type of distance transform, (a) Euclidean, (b) City-
block, (c¢) Chessboard.

(b)
Fig. 5. Distance transform images, (a) coffee beans, (b) petri
dish.
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Table 1. Comparisons between human counting and

automatic counting result
Sample Human Automatic Relative
counting counting error
(a) 65 58 10.7%
(b) 113 109 3.5%
© 411 392 4.6%
(d 90 90 0%
(e 90 87 3.3%
® 90 86 4.4%
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