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Evaluation of an Automated System for Cell Colony Counting
Rok Bernard, MaSa Kandu5er, Franjo Pernu5
Faculty of Electrical Engineering, University of Ljubljana
TrZaSka 25. SI-1000. SLOVENIA
The performance of an automated cell colony
counting system, based on computer vision technologt, is
evaluated. Cell colonies were formed fro^ DC-3F cells,

Abstract:

fixed with methanol and stained with crystal violet.

examined. 60

petri dishes were analysed and the
of 0.995 was obtained. The

correlation cofficient

comparison of survival rate curves obtained by automated
and manual methods show the variation of the cell colony

formation process is larger than the variability between
both methods.

The reproductive potential of cells undergoing chemical
or physical treatment is commonly assessed by the cell
colony formation method. First, a certain number of cells is

plated onto petri dishes, where each cell divides and
eventually gives rise to a colony of daughter cells, second,
the cells are fixed and stained, third, cell colonies are
counted, and finally, the relative survival rate is calculated
from the number of colonies on treated and untreated petri
dishes tll. Counting cell colonies manually is a timeconsuming, effor-prone, eye-straining, and tedious task.
Computer vision methods, which in many applications have

to be

accurate, reliable, robust, and fast, may

overcome the deficiencies of manual counting. The crucial

part of automatic detection of cell colonies is

image
segmentation, by which individual colonies are identified in

an image, regardless of their position, size, and intensity.

The proper separation of touching and overlapping
colonies, often forming larger clusters, is an especially
demanding task. Various methods have been proposed in
the past to segment images of cell colonies. Under optimal
illumination and material preparation, a careful selection of
a threshold, usually assisted by an operator, may extract the

colonies from the background [2,3]. However, simple
thresholding can not be used to separate clustered colonies.
Region-based methods, e.g. the watershed algorithm, can

divide touching and overlapping colonies, but requires
manual interaction [3]. An operator must enter a unique
seed for each cell colony, which is a task similar to manual

counting. The key to successful fully automated
segmentation of cell colonies lies in the exploitation of
prior knowledge about their appearance in an image.
This paper describes an automated cell colony counting
system, based on computer vision technology. The number

of cell

METHOD

A petri dish with a few some hundred of isolated,
overlapping or touching cell colonies is back illuminated
and an image (512x512 pixels, 8 bit) is acquired by a CCD
camera (Sony XC-77) connected to a PC. The detection of
cell colonies in the image is based on prior knowledge
about the expected appearance of cell colonies. This
knowledge is incorporated in a mathematical model. Model
instances, matching colonies in an image, are extracted by a
selection principle [4]. In the
hypothesis generation step, a model is generated at every
possible colony
the
image position, describing
underlying image. Next, a confidence measure is used to

hypothesis generation

-

a

INTRODUCTION

proven

compared.

The

accuracy of automated cell colony detection was measured
on 17 petri dishes. The system ls in cNerage able to
correctly detect 9l% of cell colonies on medium quality
images. The cell colonies of various sizes and intensities
are reliably detected even in case they overlap or form
clusters. Next the correlation with manual counting method

is

compared to those obtained by the manual method. Besides,
the survival rate curves obtained bv both methods are also

colonies obtained

by the proposed method

are

in

veriff the obtained model instance. The model instances
that pass the verification process form a set of possible cell
models or hypotheses, containing at least one model
instance for a detectable cell colony. In the hypothesis
selection step the minimum description length (MDL)
principle [a] is employed to select a unique model instance
for each colony. In this way, cell colonies with various
sizes and intensities may be detected and an accurate
discrimination of overlapping cell colonies can be obtained.
RESULTS

Two experiments were conducted to evaluate

the

performance of the system. First, its ability to accurately
detect cell colonies in the images is examined. Second, the
correlation with the manual counting method is measured
and the cell survival curves obtained by automated and
manual methods are compared.
To test the accuracy of automated cell colony detection,

we carried out an extensive experiment on DC-3F cell
colonies [5]. Seventeen petri dishes, containing from 170 to
330 cell colonies (mean:267), were automatically analysed.
The resulting model instances were then manually
classified into two classes: the correct model instances,
corresponding to actual colonies, and the false positive
model instances, corresponding to artefacts present in the
image (e.g. dust particles). We also manually counted those
colonies, which the automated system failed to detect.

These undetected colonies formed the class of false
negative model instances. Table I gives the number of
manually identified colonies and the rate of correct, false
positive and false negative model instances. On the average
9lJ% of cell colonies were correctly detected. The highest
false positive and false negative rates were 9.4oÄ and
18.2oÄ, respectively. The average rate of false positive and
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false negative was 5.0% and 8.9yo, respectively.
average

time consumption for the automated

standard deviation were defined for each treatment and the
cell survival was normalised to the control (0V). For all 60
petri dishes the correlation between the results of the
automated and manual counting method are given in Fig. l.
A good agreement between both methods can be observed.
The correlation coefficient is 0.995.

The

colony

counting was2 minutes and 35 seconds on PIII PC.
To measure the correlation between the results obtained
by the automated and manual counting method and to
compare the cell survival curves obtained by both methods,
cells were electroporated (8 pulse, 100 ps with voltages: 0
(control), 80, 120, 160, 200, 240,280, 320, 360 and 400 V)
and non-toxic concentration of surfactant C12E3 (0,5 pglml)
was added immediately after electroporation. To control
cells SMEM was added. Colonies were fixed with methanol
and stained with crystal violet. Each treatment was repeated
three times. The averase number of cell colonies and the

The cell survival curves are given in Figs. 2 and 3 for
control and Cl2Es treated cells, respectively. Cell survivals
obtained by the manual and automated method are given
side by side together with the variations between the three
repetitions. It is evident that the variation of a cell colony
formation process is larger than is the variability between
the automated and manual method.

l: Accuracv of automated cell colonv detection.
oetri # | 2 3 4 5 6 7 8 9 l0 ll 12 13 14 15 16 17 avg. mix mln
colony # 254 258 253 225 2r0 278 330 t76 280 312 307 170 316 271 324 325 256 267 330 t70
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93.9 96.7 81.8 92.7 92.6 93.8 93.8

9l.l

96.1

96.7 81.

4.7 5.4 5.9 5.8 4.8 5.0 9.4 6.3 5.0 6.7 2.9 8.2 2.2 3.3 2.5 2.5 3.5 5.0 9.4 2.2
6.3 5.0 9.5 r0.7 15.2 7.2 13.0 18.2 7.9 6.1 3.3 t8.2 7.3 7.4 6.2 6.2 3.9 8.9 18.2 3.3
l'56 l'23 l'34 0'52 0',37 I'18 5',14 0',20 2',54 4',29 5'08 0'21 4',21 4',21 3',28 3'12 2',30 2',35 5'14 0',2

o
rO
N

:tt

Ef
c
l!z.

0

Autornatic

#

160

280
Voltage

250

Figure l: Correlation of automated
vs. manual counting method.
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Figure 2: Survival of control cells.
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CONCLUSIONS

variation of the cell colony formation process is larger than

Today, cell colonies in petri dishes are usually counted
by trained human operators. A colony counting system,
therefore, is judged by how well it emulates a well trained,
well rested, and motivated human operator. However,
significant inter-operator differences have to be taken into
account. It is important that an automatic method measures
not only the number but also the size and intensity of each

method the automated cell counting system could be used
for routine cell counting.

colony. These parameters are impossible

to

define

manually, although they could represent valuable additional
information on the effects of treatment.
We have presented and evaluated an automated cell
colony counting system, based on computer vision
technology. In average the system is able to correctly detect
9lYo of cell colonies on medium quality images. The cell

of

various sizes and intensities are reliably
if they overlap or form clusters. However,
small and low intensity cell colonies can not be reliably
detected, since they lie on the edge or outside the camera
colonies

detected even

spatial and intensity resolutions. We believe that the
obtained results could be improved by employing a high
resolution l2-bit camera. We believe that because the
numbers of cell colonies determined by the automatic and
manual method are highly correlated and because the

is the variability

between

the automated and

manual
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