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Abstract—Quorum sensing is a mechanism used by most of 
pathogenic bacteria to coordinate their gene expression. Through 
this kind of mechanism the bacteria could detect the density of 
their local population until at a certain level  they will act 
together to emerge virulence which cause disease in their host 
organism. Thus, the inhibition ability to quorum sensing 
mechanism is commonly used as an indicator to evaluate the 
potentiality of extracts from plants as antibacterial in drugs 
development.  The quorum sensing activity could be detected 
using luminescence method. When the colony of bacteria reach 
the quorum and express certain activity, the luminescence will be 
produced. Microplate is a kind of experiment media which is 
used to conduct such experiment. The luminescence  as the 
experiment result  were captured as a digital image. The 
luminescence then examined to determine the plant performance 
to inhibit the bacteria virulence activity. Regarding most of the 
researcher’s experience, it is believed  that manual evaluation of 
those luminescence images is hard to interpret due to subjectivity 
factor and also inefficiency in time, especially when working with 
a large number of experiments. Therefore, in this research we 
developed a computer application to run quantification of the 
luminescence automatically. The automation process  begin with 
gridding algorithm followed by object recognition and 
segmentation algorithm based on neural network learning. In 
order to improve the accuracy, image enhancement module were 
also attached to the system. In the output section, the 
quantification report presented using some statistical parameter 
to simplify interpretation and facilitate the researcher to run 
additional data analysis. With this application, the potentiality of 
extracts from plants as antibacterial agent could be inferred 
quickly, easily and accurately.  

 

Keywords—digital image processing; artificial neural network; 
automation; luminescence; quorum sensing 

I.  Introduction  
 Quorum sensing is bacterial mechanisms which is 
regulating some specific proteins expressions by calculating  
population density in their environment. Genes which are 
regulated by quorum sensing mechanism will only express 

(activated)  at the time the bacteria population reached certain 
level of density. Some examples of genes whose expression 
was regulated by this mechanism are genes that regulate the 
formation of flagella and biofilm, and genes associated with 
virulence properties [1]. The fact that the virulence factor is 
also regulated by quorum sensing mechanism raises new hope 
to discover many techniques and/or agents to inhibit virulency  
of  pathogenic bacteria. In this research, extracts from some 
Indonesian Medicinal plants was evaluated for their 
performance to inhibit quorum sensing mechanism of  
Pseudomonas aeruginosa (one of the pathogenic bacteria 
which have resistance to many antibiotics). The evaluation 
was done by measuring the level of luminescence which is 
produced by the colony of Pseudomonas aeruginosa when 
they reach the quorum and express certain activity. This 
experiment was conducted in a microplate which is a flat plate 
with multiple holes/wells used as small test tubes. Both of the 
bacteria colony and the extracts from plants was loaded into 
the holes. The level of luminescence then captured and 
transformed into digital image [2]. Next task is comparison of 
the result. Brighter luminescence indicates weak inhibition to   
the Pseudomonas aeruginosa quorum sensing mechanism. 
Most of the researcher use manual comparison to evaluate 
these luminescence images. Unfortunately, this method is not 
the best way to get good inference of the result. Manual 
comparison has many weaknesses due to subjectivity of the 
evaluator and also inefficiency in time when run multiple 
experiments. Hence, we propose the application of automatic 
digital image processing to quantify the luminescence images 
in the form of software named Microplate Luminescence 
Automated Digital Analyzer (MILDA). Therefore, the 
researcher could run various statistical data processing to get 
accurate and fast conclusion.   

The first generation of MILDA was developed using 
hough transform algorithm for the segmentation (separation of 
the luminescence and the background area) procedure. But, 
due to the problem of  imprecise circular form of the 
luminescence area, this method is found to be ineffective [3]. 
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In this research, the artificial neural network algorithm was 
applied  to improve the segmentation result. 

II. Materials and methods 
 Input of the software are luminescence images using 
microplate as experiment media. Fig. 1 is the examples of the 
input images. The bright round shapes are the luminescence 
produces by the experiment in the round shape wells. Each 
well was loaded with the Pseudomonas aeruginosa colony and 
extract from particular medicinal plant. The medicinal plants 
used in this experiment are fennel, lawang, selasih, temu ireng, 
temu putih, temu giring and temu lawak.  When the quorum 
sensing mechanism was totally inhibits by the extracts, the 
well will not produce any luminescence and will appears as 
black round shape. The micro plate could contain various 
numbers of wells, such as 36, 96, 384 and 1536. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Examples of the input images 

The first step of the MILDA’s system is preprocessing the 
input image to enhance its quality, the second step is run 
gridding procedure. In this procedure the system will 
automatically make a pattern of regularly spaced horizontal 
and vertical lines forming squares on the input image with 
modified fixed spot position algorithm.. At the end of the 
procedure, each square will only contain one round shape. 
Next, segmentation procedure was applied to each square. The 
aim of this procedure is to classify each pixel in the square as 
object (the luminescence) or background. Classification was 
done using neural network algorithm. Finally, the last step is 
quantification of the object pixels. In order to simplify the 
quantification result, MILDA was equipped with the statistical 
report feature. Fig. 2 depict the flowchart of the system. 
Details algorithm of each step will be explained in the next 
sections. 

 

III. System Design 
A. Preprocessing 
 In order to improve the accuracy of the luminescence value 
as the systems output, preprocessing the input image is one of 

the important step. Input image could have  various quality 
due to its clarity, color intensity, color contrast or 
symmetricalness. Preprocessing will reduce the complexity of  
the algorithm in the next procedures. Some of the image 
enhancement algorithms was applied in preprocessing step 
which are  noise reduction, image rotation and normalization. 
Noise reduction was conducted using median or wiener 
filtering algorithm. Median filtering reduced salt and pepper 
noise and wiener filtering reduced Gaussian noise [4].  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 
Fig. 2. Flowchart of the system 

 
Fig. 3 depict the example of noise reduction result on the input 
image. Image rotation was applied due to symmetricalness 
problem of the input image. Asymmetric image will cause 
problems in the gridding procedure. Therefore radon 
transformation [5] algorithm used to transform asymmetric 
image into a symmetric one. Fig. 4 depict the example of  
image rotation to fix asymmetric image.  
 

 

 

 

 

 

 

 

 
Fig. 3. Example of noise reduction, (a) Salt and Pepper, (b) Gaussian 
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Finally, the normalization algorithm was applied to adjust the 
color intensity range, such adjustment will increase the color 
contrast as shown in Fig. 5. Normalization was done using  
(1), O is intensity value before normalization and N is 
intensity value after normalization. 
 

      
....(1) 

 

 

 

 
Fig. 4. Example of image rotation 

 

 

 

 
Fig. 5. Example of image normalization 

B. Gridding Procedure 
This procedure contain techniques to find the location of 

the objects  (the round shape luminescence) automatically. In 
general, the basic concept is iteratively creates vertical and 
horizontal lines on the input image such that in the final step 
each object will be placed exactly on the center of a square. 
The algorithm used for this process is fixed spot position [6] 
with some modification. Formerly the input image should be 
transform into grayscale type and followed by application of 
particular intensity threshold value to identify each pixel as 
object or background. Vertical and horizontal line will divide 
two objects in equal distance regarding the edge pixels of both 
objects. Fig. 6 is the example of the gridding procedure result. 
Now, each square carried out one object.   

 

 
Fig. 6. Result of the gridding procedure 

 

C. Segmentation Procedure 
 After gridding procedure, the system will save position of 
each square with the object inside. Thus, the extraction of the 
objects is ready to be proceeded. The first step to extract the 
object is finding all the object’s pixels. To find those pixels, 
the system should have the ability to well recognize the 
characteristic of the color intensity of the object pixels as well 
as the background pixels. In order to increase this ability, 
neural network (NN) method was applied here. Intensity 

histogram was chosen as the input of the NN architecture. 
Therefore, 256 nodes are used in the input layer. For the 
hidden layer it is found that one layer with 6 node give the 
best output prediction. One output node represents the color 
intensity threshold value that will classify each pixel as object 
or background. Fig. 7 depict the best NN architecture 
implemented in the system. At the end of the process, the 
system will store the position of each object pixel and the  
corresponding  intensity value in its database. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Neural network architecture for segmentation process 

 

D. Quantification 
 This is the step to summarize all object  pixels intensity 
values (from the segmentation procedure)  in the database  and 
represent them in more sophisticated format. Quantification of 
each object luminescence should appear  as single value. For 
this purpose, the system provide option button such that user 
could choose the method of summarization which is mean, 
median, maximal or minimal value. Fig. 8 shows example of 
the quantification process result using mean value. 
 

 
Fig. 8. Example of the quantification process result 

E. Report 
 Report feature was attached to the system to facilitate user 
for advance data processing. The report will be in .xls format 
which is contains the position and luminescence intensity of 
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each object pixels. By this feature the researcher could easily 
prepare raw data to run various kinds of statistical data 
processing such as testing hypothesis, ANOVA, regression 
and cluster analysis. 

 

IV. Result and Discussion 
 In general the performance of the system is good. The 
quantification performance of the intensity value is depends 
the input image. From all input images sample with various 
level of quality, the system could give reasonable 
quantification result for 87.5%  among  them. The system  
only fail on very low quality of input image. For this kind of 
input image, the systems already fail in gridding process thus 
no intensity value reported on the output interface. The 
accuracy of the system was proven too by changing the 
concentration of the plant extract. In theory,  the increasing 
concentration of  quorum sensing inhibitors will result on 
decreasing  luminescence intensity [7]. The quantification 
result shows exactly the same tendency in almost all of the 
samples as shown in Table 1. In the matter of time, the run 
time depend on the number of the microplate wells. MILDA 
could run all the  process less than 15 second. This result is 
better than previous system using circular hough transform for 
its segmentation process [3].   
 

TABLE I.  THE ABILITY OF PLANTS EXTRACT IN VARIOUS 
CONCENTRATION TO INHIBIT THE LUMINESCENCE 

 
 
 
 
 
 
 

V. Conclusion 
 Although this system could perform good quantification 
result, it is known that the quality of input image still bring 
major difficulties. Therefore, for the future works we propose 
to design a customized media to capture the luminescence 
directly from the microplate. This media then integrated to the 
MILDA software such that the quantification could run in real 
time.     
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Plant Concentration 
(mg/ml) 

Luminesce
nce 

Inhibition 
(%) 

Fennel 
23.8 59.2 
19.0 65.4 
14.3 53.9 

Lawang 
23.8 34.1 
19.0 19.2 
14.3  -3.2 

Selasih 
23.8 59.8 
19.2 47.9 
14.3 44 

Temu Ireng 
38.1 44.1 
19.0 39.7 
9.5 7.7 

Temu Giring 
38.1 16.3 
19.0 3.9 
9.5 7.9 

Temu Putih 
38.1 -0.3 
19.0 4.9 
9.5 28.8 

Temulawak 
38.1 16.5 
19.0 23.5 
9.5 6.3 



















 



 
       

 


