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Development of Robot System for Colony Picking (1)

- Image processing algorithm for detecting position of colony -

q¥E AW FAET uAg gsE”
R 2384 R

H D.Lee K. D.Kim C. S . Kim K Y Na Y. P Yim

A Ay Z2HEV 2A4H02 AgPo] wet ALHoR dFY FHH AR7 weAn
on ojn W& FAAY FrIMGS vgo2 s A AA FAHAAY v|TE FEFHO
2 #yste 7lee Mo 27HT Utk A8 Ay ZIZAE 3 A FFEHeE geEstHA e
deEFHd Aol A 7}3} 243 a7HE= 712 #87)e dFEokolth

A= (genome) S F A Hgene)st & M A(chromosome)®] FAHAZ F AEA7L D BE 3
AR FAgA o1, %’54 AZAT DNA Z2E x@sle Y AEY AAE ZE(clone)old &t
o, F89 HEAEZ FZUY(colony)zt 3tk FEAY ZE KFAAEE 1A A #Hat
(nucleotide acid)elgl Ed = G712 o]Folx glon, o|E& MIZ AuHA % olFo F 7}
goz Aol rt o]E 3 49 base pairgt gl

22 Hod fAAE X = DNA ©Hol AZEFT DNA #AHrecombinant DNA
molecule)E A4ts7] A8 W (vector)gh= 98 DNA Ext5ol AdEd HeE {AE &
FHEL2 Fetshe kA (vehicle) 9¥E 3, £FAEE o8 FEY AR o, 1 Fo
ghe|gjol7t dutA oz AL HY SFAE FolA WEE EAF, 2 S5 T O
of wEej®el olyel 2Rl ewtehy FHAARE OF BaAldE,

SFAE7F £EE o, AZE DNA £x19 BAEo] A&edA d2=Hm A7 W 5471 o
ol g8 AF Fdo] dold F FAdFT FAEY Z2Y(colony), T FEo] YAAHY
89 7 *ﬂ_-_r i}, 22 1 o4 FUZ 23 DNA EAE sy, Az x4 9
3 e e FARE 29 ‘FE2EHAG o

o] uj '—‘T’T‘*ﬂi-’l B wgAs &G &7)(petri-dish)dl A o] Foj ATt dtelglo} £ wjgd
F2 o Mx§ DNA7ZF £ god F2M48 uiu, AEF DNAZF g Jod
sae oA frt o Q*—‘H 24 ZZ8 ye Aol vz F24Y HF(colony picking)ol et
gtttk B AFE d8 F£AYgoez AAHE 22Y HAL AFEs] 4 224 47
28 AI2HE sty ¢ AdA 24 2249 #d 9 fAXAES 4 2" 15
R FEAY G FE g BHo] glom, I FAAHA &L g 2o

I‘n 32 n
go X ¢

-\-rﬂ.ku

s FEUEE SPARANNY $ATAZ D
s (%) o) 2H
xSt S YA oS 283}

— 215 —



D oolgE 22U S32 sepse, 22y 27 diEe 495
2 N2d T % gAY FneEe dse,
I AEANES BW 4% 2 BAYS ANSD FF BRIFE ANET

. ZAAR

2 A7o] A4d ARE RN AL inbred AAF ARA WE YselN 2F
g o3 Alx" DNAE 71X 2+ BAC cloneg 37C 9 HolAM 18A17HFor Migd 224 E
dadoz Age ANGAY Wy 2zUe 52 AR, YuHdA gRE 4¥e 47
3 5 Az ol

I3 AW 27)E stk £E & DNAZ M0 2RUs 2 )4 FYE oF
gt AR Aok 29 1o Aol A8Y 22UE Yehth

Y. st=9fo] A4

B AZgA 9 stzgoles dARRE Jdew= 2% Digital Color CCD Zhizt € siwiz} 2

Z, 9z 2N L F 7lTE Aoste W2 FTEEY, JYFAHRE PCAl HLDd Frame

grabber, HAEAHE vF7] 943 29 PC, 3% AuH#IY ZX, I =, Azd ZEEF

o2 FAAY 28 2@ B AN2dg, 28 204 B deRy FARE, ® 1dE A&
o

Wof e et F3, 2R5E wgdel @ Wl WA@Y, Agsdl & 22U
4, 59 87 59 54S el SRR BAY TP F YES FAzgo| 5
27, AZHGE FAe $ 99 8

A3} o gEA Alole] 2mm HF

2mm
AT 2R ’\]i%‘ A X,

Fig. 1 The photo of cultivated {a) picking system . (b) picking head
colony used in performance test Fig. 2 The image processing system for colony picking

Table 1 The specification of system for colony picking

Item specification
Camera Color CCD, NTSC, S/N ratio : -48 dB, 768 X494 pixels
Focal length : 8568 mm, Optical back focal length : 11.69 mm

Lens Flange back focal length : 17.526 mm

Frame grabber NTSC/PAL RGB, 640X 480 pixels, 30 frames/sec,

Light source 3 wavelength fluorescent lamp, 36W, 220V

PC Pentium IV

solenoid DC 24V, 328, 98]

1/O board 16 I/O channel, DC 5-24V, Operate/Release Time @ 5 msec
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Fig. 3 The schematic diagram of colony detection algorithm
(a) originally image, (b) 5X5 mask, (c) calculation of distance between two pixels
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Fig. 4 The schematic diagram of image processing algorithm
(a) detection of boundary, (b) slant > 0, (¢} slant < 0, (d) colony group
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Table 2 The distance befitting 1 pixel according to distance between camera and materials

distance between No. of pixels distance per distance between No. of pixels  distance per
camera and by 10mm 1 pixel camera and by 10mm 1 pixel
materials (mm) (EA) (mm/pixel) materials (mm) (EA) (mm/pixel)
70 95 0.1053 130 60 0.1667
90 80 0.1250 150 53 0.1887
110 68 0.1471 170 48 0.2083
Y = 10 « e s (3)

0.0032% — 1.2038x + 163.7865

where, Y = The distance per 1 pixel, mm
x = distance between camera and materials, mm
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Fig. 5 The result of performance test of image processing algorithm
(a) detecting circularity, (b) detecting boundary colony group, (¢} dividing colony group

Table 3 The results of distinguishing and detecting position of colony in performance test

. N NO. wo colony No. ver g * group a
No. of No. of individual colony I\(():ogr{n;ble dividiyng ré)c;llgnin ¢ Ob Oéo?xnttl;btll;rtc}ti)\'ic(%f?cogl()nli'p nd
. H 7 : ; Ay g d
petsi-dish m:gual g)ri)cg]sq:ignz {EE‘; mz?r:ual I?rt)clens]:i%eg {2}‘5‘ manual D;\chil:ﬁlz ‘(i'“j
(EA) (EA) e (EA) (EA) ° (EA) (EA) °
1 220 219 995 35/68 37765 105.7 / 95.6 16/3 16715 100 7 429
2 197 200 1015 27 /51 27/ 48 100 / 94.1 14/30 1311 929 - 367
3 134 132 98.5 20/36 2336 115 /7 100 19/43 1816 947 + 372
4 236 232 98.3 42/ 71 41 /69 976 / 972 28761 24723 8.7 7 3717
5 178 181 1017 30/53 3052 100 / 98.1 18/32 19/17 1056 7 53.1
6 190 185 974 26 /41 25/ 39 96.2 / 95.1 15/ 18 1279 80.0 7 50.0
7 210 208 9.0 16/26 1425 875/ 96.2 24/59 24/ 23 100 7 39.0
8 264 264 100 39/72 31,7 949 /972 37/69 3 /32 946 7 464
9 245 238 97.1 38/66 3964 1026 / 97.0 24 /48 27721 1125 7 438
10 204 203 99.5 29 /54 29 /353 100 / 98.1 29 /53 3027 103.4 / 50.9
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