APD Colony Counter App: Using Watershed Algorithm for improved

colony counting

Chun-Foong Wong, Joshua Yi Yeo, Samuel Ken-En Gan*?*
! Bioinformatics Institute, Agency for Science, Technology, and Research (A*STAR), Singapore 138671;

2 p53 Laboratory, Agency for Science, Technology, and Research (A*STAR), Singapore 138648.

#To whom correspondence should be addressed.

ABSTRACT

The counting of colonies to quantitate bacteria is an
important process in labs for research, clinical diagnosis, and
environmental monitoring e.g. in water. Generally counted
manually, progress in technology has automated the process
through colony counters that can be purchased but can be
costly. While efficient, there remains also a challenge
correctly detecting clustered colonies compromising
inaccurate counts. Leveraging on the smartphone camera,
we developed an app that processes images of colony
plates and automatically counts them. To provide more
accurate counts, the watershed algorithm with distance
transform was incorporated into the segmentation and found
to distinguish clustered or partially merged colonies better.
This app, the APD Colony Counter app, thus transforms the
smartphone into a portable colony counter, making the once
laborious and tedious process manual colony counting, more
accurate, automated and on-the-go.

INTRODUCTION

Quantitating bacteria through colony counting on plates is
routine in many biomedical, clinical, and environmental
labs. In research, it can be used to determine the efficiency
of lab processes and reagents e.g. competent cells (Chan et
al., 2013), for determining quantifying bacteria in disease
states (e.g. on skin wounds, see review by Kallstrom G,
2014), and environmental monitoring, such as in potable
water (Reasoner DJ & Geldreich EE, 1985) and food
(Delbés, C et al.,, 2007). Though a routine process, the
manual counting of colonies is highly tedious and error-
prone. Common manual counting practices include using a
marker to dot counted colonies while counting and can take
up to hours for plates with numerous partially merged
colonies. To automate this, colony counters with image
processing software have been released commercially.
Costing from thousands of US dollars, these devices can
scan culture plates to detect the number of colonies and
produce a count in seconds. While the image processing
software of these devices certainly made colony counting
easier, there is still difficulty in segregating partially merged
or clustered colonies. This often result in under reporting,
which depending on the nature of the application, can have
safety (e.g. food standards), medical (clinical standards) and
environmental (e.g. natural water sources) consequences.

At present, each colony is assumed to arise from a single
bacterium or colony-forming unit (CFU), thus when the
colonies are clustered together or partially merged,

inaccurate counts results in underestimation of the microbial
load.

To increase the convenience of counting tasks, improve
portability and accuracy in automated colony detection, the
APD Colony Counter App was made to leverage on the
smartphone and the in-built camera. Smartphones have been
increasingly shown to be useful in biomedical research,
replacing machines (e.g. GelApp, See Sim et al., 2015) and
increasing the convenience of routine research procedures
(see review by Gan SKE & Poon JK, 2016). In addition,
they are increasingly making themselves felt in clinical use
for diagnosis and patient care (Gan SKE et al., 2016).
Colony counting apps does away with the need for costly
equipment, enabling every smartphone owner to have a
portable personalized counter. With the portability of the
smartphone, the counter can be brought to the plate than
vice versa, reducing contamination, and also facilitate
automation. While there are many colony counter apps, the
use of Itseez’s OpenCV (http://opencv.org/) threshold and
watershed algorithm with distance transform enables APD
Colony Counter App to segregate merged colonies better for
more accurate quantification.

APD Colony Counter App for Android was developed using
version 4.2 of the Eclipse Integrated Development
Environment, Juno and open source libraries: Mike Ortiz’s
TouchlmageView
(https://github.com/MikeOrtiz/TouchlmageView) for the
editing, zooming, and panning functions on gel images;
Itseez’s OpenCV (http://opencv.org/) for the threshold and
watershed algorithm with distance transform.

COLONY IMAGE PRE-PROCESSING

The image pre-processing step is crucial for accurate
detection. To compensate for environmental factors (e.g.
lighting, background) during photo taking, parameters have
been built into the app such as brightness to intensify the
colony objects against the background, and cropping to
isolate only the area of interest to reduce interferences in the
detection process.

SEGMENTATION AND DETECTION

Following image pre-processing, users can next adjust the
threshold value of the image to achieve maximum contrast in
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getting white colonies on a black background for optimal
automated detection. In the event that an image with black
colonies on a white background is obtained, the “inverse
image” button will invert the colors to give white colonies on
a black background (Figure 1). With these parameters, the
maximum contrast can be obtained for a variety of agar
plates with different colors e.g. blood agar, where the colony
and background agar colors vary.
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Figure 1: Image with white colonies in black background
after threshold adjustments.

Once these parameters are adjusted to a desired level,
users can proceed to use the automated detection function
to detect colonies. During this process, watershed
segmentation with  distance transform has been
automatically incorporated to segregate merged colonies.
The watershed algorithm separates merged colonies by
internally placing lines to segregate distinct colonies.

Plate Threshold App Manual Accuracy
no Settings Count Count 1(%)]
1 70 30 36 83.3
2 84 44 43 97.7
3 82 30 32 93.8
4 59 21 22 95.5
5 45 102 117 87.2
6 62 106 126 84.1
7 53 111 116 95.7
8 58 182 210 86.7
9 59 65 80 81.3
10 59 118 126 93.7
11 55 68 80 85.0
12 58 27 27 100.0
Average 90.3 +/- 6.4

Table 1: Comparison of app and manually counted
regions.
Data was obtained from 12 Agar plates.

As current image processing technologies are not able to
achieve 100% accuracy ( Table 1) and automated detections
are affected by image quality and filter settings, users can
proceed to the edit interface to add and remove tagged
colonies to correct undetected or falsely detected colonies.

CUSTOMIZABLE FEATURES

For better visualization and inclusion in reports, the tags
generated by APD Colony Counter can be modified for better
visualization. Users can change the color, radius and
thickness of the tags using a slide bar (Figure 3).
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Figure 3: Tag Customization setting (left), default tags
(middle) and tags with yellow scheme, increased radius
and thickness value

For convenience, users can save their preferences of the tag
visual effects by checking the ‘save settings’ box for future
use.

CONCLUSION

APD Colony Counter App is a standalone Android
application that functions as a pocket colony counter. Using
the Watershed algorithm, it has the added advantage of
segregating merged colonies better. With range of other
image processing parameters, it can be used on a variety of
agars to count colonies. Leveraging on the smartphone
camera, it enable the smartphone to transform into a useful
scientific device for the quantification of bacterial load in
clinic, research, environmental, and even food safety
regulatory labs.

Availability and implementation:

The APD Colony Counter application is developed for the
Android platform is freely available on the Google Play Store.
More details on the app <can be found at
www.facebook.com/APDLab

The APD Colony Counter user guide is available at
http://tinyurl.com/ColonyApp, and a video tutorial is also
available on the Google Play Store.

Contact: samuelg@bii.a-star.edu.sg
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