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Development of Robot System for Colony Picking (1)
- Image processing algorithm for detecting colony -
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ABSTRACT

An image processing algorithm was developed for a robot system which was used in gene study. The robot
system achieved a job of colony picking. The colony included DNA of an organism. The robot picked up the
colony in petri-dish, which included the cultivated colony in medium, by a picking pin, and moved the colony to
wellplates. The vision system consisted of an image acquisition system which acquired the image information of
colony, an illumination device which irradiated the object once when it got the image of it, a computer and so
on. The image processing algorithm distinguished the colony and detected colony positions. Performance test of
the developed algorithm showed that the distinguishing success rate of colony and detecting success rate of
colony positions were over 96%.

Keywords : Colony picking, Image processing, Camera calibraion.
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Fig. 1 The photo of cultivated colony used in
performance test.
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Fig. 2 The pictures of the CCD camera and the illuminator used ; (a) CCD camera attached to
system, (b) illuminator.

Table 1 The specifications of camera and frame grabber used

Device Item Specifications
Power (mA) 24 VAC, 300
Type NTSC, color
Effective pixel 768 X 494
Camera

Scanning frequency

INT : 15.734kHz(H), 59.94 Hz(V)
LL : 15.750 kHz(H), 60 Hz(V)

S/N ratio (dB)

under -48

Intensity of Illumination (Lux)

under 0.8

Camera Lens

Focal length (mm)

8.5~68 (8X ZOOM)

IRIS

Auto Iris 1.4~close

Optical back focal length (mm)

11.69mm

Frame grabber

Video decorder

NTSC/PAL RGB,

Video format

24 bit RGB, Y8 monochrome

Video output display

resolution 640 X480, 30 frames/sec, 60 fields/sec
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Fig. 3 The drawing of 5mm interval mesh and
concentric circle used in camera cali-
bration.
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Fig. 4 The principal of camera calibration
method.
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Fig. 5 The flow-chart of image processing.
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Fig. 6 The lay-out of image capture area.

A2 B5GAe Z7)E 58%x43 mm7} Ho| AA 2
2y wiopgr)el GARS § o FET 4 9o

[+ 3=}
Fig 6% 2ol 104e] 24 22usl sjopa 94
CECET e

4) olzgdy B8

Y AAE Tl ol T2 A A
(Fig. 7@)°lE R, G, B 3849 Anr}l x3k=]e] )
2, o] 3hME o]gste] A=x3 DNAYE T o
UA ke FEAN 2309 Az DNAYY TakH]
Y F2UF Festy, 4 (DS o&ske Zet o
/\J—.Q_ ‘S‘B_}lcﬂ}s}-_i u].:zp. -3 ‘]/\E:L% 7]&12. o]_e.
stef S|ARETA FEUS WAL s
HA ZHEE A5 ol FEZS é‘lfés}@i 3
A Z2UREY ol GAE &84 stgled B
L5 FEHHE AAY + J=E ek 2 & 7}
FAIt w2 E o] 431 A2 A)A
A E gl elFig. 7(b)).

/k O) -
AT

24

2! smoothing=

7 2% AA" A (1)

olF g Akl A dojal 7 FRUESS $£A4E Udn
& o]4% Ee i) A4% 3rEv)E
o}, ]“H Xﬂ_"‘ﬂ e e T (AA) K-l gt
E2YSZ B AHEdA AgAZ 99
o=z %i"] FEEL &Y AAE o)a 3t
A FEges 2y RS T4 I (Fig
T(e)o=2 yeldc 2 Zhang Suen A|A3} 23
G57% olgste] #3AL 13h2e] dAH A
22 FAEAcKFig 7(d)).

;J,]ZE_
Rip
o] -
AT

2 e
o_‘,]_ n

o

3

L.
=

o] el 23 FEE FA ol
A 2paEE 23 e oisle) YR, AQ)
2 Al =219 shutke] 22U91x), 22y Ag
JAE Pl &390

%
Ap = a number of pixels of labeled colony

where, R = roundness,
Ac = a number of pixels of a least circumscribed
circle of labeled colony
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Fig. 8 The schematic diagram of colony de-
tection algorithm ; (a) 5x5 mask,
(b) calculation of distance between
two pixels.
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Fig. 9 The schematic diagram of image proc-
essing for dividing colony group ; (a) de-
tection of boundary, (b) colony group.
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distortion.
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Table 2 The error according to distance between zero point and P point

Converted distance between P point and center (mm)

10 14.93 19.75 24.47 29.06 | 33.49

Error according to distance between P point and center (mm)

0 0.07 0.25 0.53 0.94 1.51
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Fig. 11 The picture of colony picking robot system used in camera calibration.

Table 3 The results of correcting of camera distortion by camera calibration

Camera recognition| Converted X | Converted Y |Error distance| Camera distortion Calculated Real
distance (mm) | distance (mm) | distance (mm) (mm) revision distance (mm){ coordinate | coordinate
18.20 -6.93 -16.83 0.18 18.38 ( -7.0, -17.0)|( -7, -17)
19.60 -14.81 12.84 0.25 19.85 (-15.0, 13.0)|( 15, 13)
6.32 2.00 -6.00 0.00 6.32 ( 20, -6.0)|( 2, -6)
11.31 8.00 8.00 0.00 11.31 ( 80, 80)( 8 8
25.19 -20.50 -14.64 0.62 25.81 (-20.0, -15.0){(-21, -15)
21.77 20.65 6.88 037 22.14 (210, 70|C21, 7
4.00 4.00 0.00 0.00 4.00 ( 40, 00)( 4 0
10.77 -10.00 4.00 0.00 10.77 (-10.0, 4.0)i(-10, 4)
22.88 19.62 -11.77 0.44 2332 ( 200, -12.0)|( 20, -12)
18.49 -17.81 4.95 0.19 18.68 (-18.0, 5.0)[(-18," 5)
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Fig. 12 The examples of performance test resulting from the image processing algorithm;
(a) detecting circularity, (b) detecting boundary of colony group, (¢) dividing colony

group.
Table 4 The results of distinguishing and detecting position of colony in performance test
No. of individual colony No. oin%r ONUZ. C:: S;:Z?}yogi?i\?e:()lony
No. of petri-dish By manual By image or 5% By(gl:l;ual pro?ésig‘:g(eE " error (%)
(EA) processing (EA)
. group | divide | group | divide | group | divide
1 520 519 99.8 35 68 37 65 105.7 95.6
2 597 600 100.5 27 51 27 48 100 94.1
3 634 632 99.7 20 36 23 36 115 100.0
4 536 532 99.3 42 71 41 69 97.6 97.2
5 578 581 100.5 30 53 30 52 100 98.1
6 490 485 99.0 26 41 25 39 96.2 95.1
7 610 608 99.7 16 26 14 25 87.5 96.2
8 564 564 100.0 39 ) 37 70 94.9 97.2
9 645 638 98.9 38 66 39 64 102.6 97.0
10 604 603 99.8 29 54 29 53 100 98.1
average 577.8 576.2 99.7 30.2 53.8 302 52.1 100.0 96.8
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