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ABSTRACT 

 

 

Cell separation and manipulation are currently becoming highly purposeful due to its 

function variation and becoming possible due to the availability of dielectrophoresis 

(DEP) method. Commonly used in cancer cell detection and drug screening assessment, 

DEP are able to manipulate polarisable particles with the application of non-uniform 

electric considering the fact that movement will be induced onto the polarisable 

particles when placed in the electric fields. The application of DEP are used to be 

restricted in research for academic prospects only, rather than in manufacturing 

applications due to the laborious and time-consuming processes involved, but recently 

with the existence of multi-channels microelectrode array, real-time assessment of cell 

populations are accredited since each electrodes were being energized individually with 

desired voltage, frequency and phase. The physiological characteristics of cell 

populations are being extracted from DEP spectrum which was obtained from image 

processing technique which previously involves histogram-based algorithm and CMIS 

method. The current research attempts to introduce new method of determining the 

distribution of cells to be even or not. This is crucial in multiple dot system but not so 

much important for single dot system. This is because the algorithm developed based on 

CMIS and histogram plots are already proven to be effective. The proposed method 

named average counts attempt to manipulate the average grey level values of each 

pixels and standard deviation plot obtained is used to draw the conclusions from the 

findings. 
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ABSTRAK 

 

 Pemisahan serta manipulasi sel samakin berguna di masa kini disebabkan oleh 

fungsinya yang berkepelbagaian dan semakin mudah dilakukan sejak meluasnya 

aplikasi teknik Dielektroforesis (DEP). Sejak belakangan ini, DEP semakin banyak 

digunakan di dalam proses mengesan sel-sel kanser and ujian pengesahan ubat-ubatan 

serta dadah. Ini adalah kerana kebolehan DEP memanipulasikan zarah-zarah bersifat cas 

dengan mengenakan arus elektrik yang tidak sekata akan menghasilkan pergerakan 

zarah-zarah tersebut. Kegunaan DEP dahulunya terhad hanya kepada kajian dalam 

bidang academik sahaja disebabkan oleh masa yang diambil untuk menyelesaikan satu 

eksperimen adalah sangat panjang dan memerlukan kerja-kerja makmal yang banyak. 

Tetapi sekarang, ianya bertambah mudah dengan kehadiran elektrod beberapa-salur. 

Elektrod beberapa-salur ini digunakan untuk menganalisa populasi sel secara terus 

disebabkan oleh setiap salur itu dibekalkan dengan arus elektrik secara berasingan 

dengan nilai arus, voltan, fasa dan frekuensi yang berbeza-beza. Sifat-sifat 

elektrofisiologi untuk sesuatu populasi sel boleh didapati daripada DEP spectrum yang 

dikeluarkan daripada analisa gambar. Teknik yang sudah lama digunakan ialah teknik 

CMIS dan graf histogram. Buat masa sekarang, teknik terbaru telah diperkenalkan 

untuk menentukan samaada suatu gambar itu mempunyai taburan sel dengan sekata atau 

pun tidak. Ini penting untuk elektrod beberapa-salur tetapi tidak begitu penting untuk 

elektrod satu-salur kerana untuk satu-salur, CMIS dan graf histogram telah 

membuktikan kebolehan untuk mentafsirnya dengan begitu baik skali. Teknik terbaru 

ini bernama kiraan purata yang menggunakan nilai hitam putih yang ada dalam piksel 

dan sisihan piawai digunakan untuk menghasilkan kesimpulan yang munasabah 

daripada keputusan yang dijumpai.  
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Overview 

 

 Integration of numerous lab functions into a single-chip component with 

miniaturized size is crucial in conducting experiments which deals with micro-to-nano-

sized particles such as cancer cells, bacteria or viruses. The existence of these devices 

enables laboratory-on-a-chip came into life and assists the examination process of 

miniature-sized cells. The conventional technology behind lab-on-a-chip (LOC) was 

implemented into the functional microelectrodes which were adopted from 

photolithographic techniques that were developed by the semiconductor industries 

(Hughes, 2002; Crane, 1968).   

 Dielectrophoresis is the phenomena where interactions between polarized 

particles with non-uniform electric fields exert motion onto the particles. It can be used 

and adopted to manipulate, separate, and analyze the cellular and viral particles 

responses (Hubner et al., 2007; Hoettges et al., 2008; Pethig, 2010). The induced 

motion and the manipulation of particles which have been polarized after being 

suspended in a non-uniform alternating electric field can cause repulsion or attraction of 

cells with regards to the electrodes.  

 DEP has become recognizable since its introduction  which defines DEP as “the 

motion of suspensoid particles relative to that of the solvent resulting from polarization 
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forces produced by an inhomogeneous electric field” (Pohl, 1951). One of the 

advantages of DEP is that it does not need chemical markers, biochemical labels or 

bioengineered tags and at the same time does not exert any contact to any surfaces of 

cells making this technique preferable compared to chemical method such as fluorescent 

labels which are highly invasive and cell destructive (Hoettges et al., 2008; Pethig, 

2010). 

 There are a few major contributions of DEP-based technique especially in 

distinguishing dead and viable cells by separating and sorting them according to its 

conductivity of the cytoplasm, surface charge and the capacitance of the membrane. 

This is proven by a study done by Gascoyne et al. (1992) which demonstrate the 

separation of cancer cells on an electrode array due to the differences in terms of 

frequency shown between normal, leukemic and differentiation-induced leukemic 

mouse erythrocytes (Gascoyne et al., 1992). This is further being supported by Becker 

et al. (1994 & 1995) who found and exploited the differences in the dielectric properties 

of metastatic human breast cancer cell from those of erythrocytes and T-lymphocytes 

resulting in the separation of breast cancer cells from the normal blood cells (Becker et 

al., 1995; Becker et al., 1994).  

 In another study by Wang et al. (2002) authenticated that the membrane 

dielectric properties changes of HL-60 (cultured human promyelocytic leukemic cells) 

been detected by using DEP in the early stage of apoptosis after treatment with 

genistein compound (Wang et al., 2002; Labeed et al., 2006).  All these achievements 

came down to the analysis and correlation between dielectrophoretic force (FDEP) with 

the physical phenomena which can be observed by the aid of video cameras or 

fluorescent chemical markers. With the application of non-uniform alternating current 

(AC) electric fields, polarisable particles such as cells will become polarized when 

being suspended in the said electric fields. 
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 Suspension of dielectric particles, particularly cells in an electric field will result 

in polarization of particles and the direction of the induced dipole is dependent of 

frequency and magnitude of the said electric field. Microelectrodes, where the electric 

field is originated will generate a gradient of fields which determines the classification 

of the DEP, positive or negative, based on the direction of movement of cells with 

respect to the electric field gradient and the induced dipole. These series of events was 

captured and recorded using video cameras and the image was analyzed using image 

processing technique in order to extract useful DEP information particularly 

electrophysiological properties of cells by interpreting the frequency-dependent 

movement of cells, which also known as DEP spectrum (Fatoyinbo et al., 2008; Lee et 

al., 2004; Labeed et al., 2003). 

 Before the captured images can be analysed and the corresponding DEP 

spectrum be plotted, segmentation of the actual dots within the image must be 

completed. The segmentation algorithm will generally conduct two main processes, 

namely the production of a layer mask to distinguish between the electrodes and the 

dots based on a chosen intensity threshold value, and the detection of bona fide dots 

based on the similarities of the area sizes. The measured values of the extent of the 

cellular movement under the DEP influence will then be normalised and employed in 

the construction of the corresponding DEP spectrum.  

 The algorithm for the relative polarisability measurement was based on the 

Cumulative Modal Intensity Shift (CMIS) image analysis technique that was developed 

for use with single dot planar microelectrode system with 4-by-4 dot array design while 

not allowing each dot to be energized separately (Fatoyinbo et al., 2008). As the name 

CMIS suggests, this method relied on the modal value of the histogram of the captured 

images. Generally, the algorithm will first detect the modal value by finding the peak of 

the histogram, and subsequently will sum the total number of pixels starting from this 
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point onwards to the maximum light intensity value of the histogram. The parallel 

system has been developed by Fatoyinbo et al. (2011) which allow each dot in the 

electrode array to be energized individually and simultaneously with various 

frequencies (Fatoyinbo et al., 2011). 

 

1.2 Research Objective 

 

 There are a few main concerns that this research is thoroughly focused on. As a 

sequel of previous research done by Kadri (2010), this sort project provides an 

optimization in the technique used to analyze the initial image prior conducting an 

experiment. This is previously done manually by being fully dependent on user 

expertise with no automated system to verify the eligibility of a certain image to 

proceed through to experimental level, thus affecting the results produced by the 

experiment and making the results questionable. The process of introducing an 

automated system for this matter is still new in the academic arena and is only crucial 

for multiple dots system. This is because, for single dot system, the algorithm developed 

by Fatoyinbo et.al (2008) has been established and have proven to be working just fine. 

We make it our aim to pioneer the development of an automated system that can 

achieve this objective. Other than that, with the application of the new system, statistical 

analysis is also made as a main objective to verify the level of effectiveness of this 

method. Thus, the real objective of this project is to propose a new automated system, 

which is the average count method, as a method of verifying the eligibility of a 

particular cell distribution to proceed to the experimental level. 
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1.3 Organization of Thesis 

 

This thesis consists of five chapters. These chapters discuss about the 

introduction, literature review of study, methodology, discussions of results and 

conclusions with recommendations for future study. Chapter 1 discusses briefly about 

the DEP experiments and its procedures as a whole.  The objectives of the research are 

also being explained in this chapter.  In the next chapter which is Chapter 2, it shows the 

literature review which consist of the background of study, the theory of DEP 

phenomenon, the development of algorithm and the analysis process which have been 

previously adopted for image analysis. Chapter 3 describes the procedure of the analysis 

and its experimental setup. In addition to that, the improvement of image analysis 

technique was also introduced in this chapter. Chapter 4 discusses the results obtained 

from the analysis and last but not least the conclusions along with the limitations of the 

research and some recommendations were discussed in Chapter 5.   
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Background of Study 

 

 Dielectrophoresis (DEP), along with electrorotation (ROT) (Hughes, 2002; Lee 

et al., 2004; Gascoyne et al., 20) is frequently grouped as a member of AC-

electrokinetic technique which manipulates the mobility of cells in an electric field with 

non-uniformity and time-dependent properties in order to explore the 

electrophysiological properties of cells (Hughes, 2002; Jones et al., 2003; Jones, 2003; 

Jones, 1995; Pethig et al., 1997; Pohl et al., 1981). Important information can be 

extracted from the electrophysiological properties especially at the cellular level. DEP 

method is known to be inevitably nondestructive and noninvasive, while being a label-

free cell characterization technique when compared to the chemical methods which 

results in invasion of cellular trafficking or compared to electrical measurement method 

as such patch clamp which is highly destructive to cells (Labeed et al., 2003). 

 Since its discovery by Herbert Pohl in 1951, DEP has been adopted in 

experiments for separating nonviable and viable yeast cells (Crane, 1968; Pohl, 1966). 

Thereafter, many more studies have emanated with mostly exploiting towards different 

fields such as the characterization and diagnostic techniques for cancer cells (Broche et 

al., 2007), the earlier detection of changes in dielectric properties on cell membrane 
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(Wang et al., 1994), the resistance factor of chemotherapy by cancer cells lines (Labeed 

et al., 2003), detection of oral cancer and malfunction (Broche et al., 2007) and the 

biophysical changes in apoptosis-induced leukemic cells (Chin et al., 2006). Other than 

that, there are also studies done to separate bone marrow from blood (Yang et al., 

1999). Although numerous studies have proven the viability of the technique, DEP has 

yet to be accepted worldwide, especially commercial-wise due to the time consuming 

and laborious procedures.   

 

2.2 Theory 

 

 The phenomenon of dielectrophoresis (DEP) refers to the translational 

movement of particles due to the interactions between an induced dipole and a non-

uniform alternating electric field. Depending on the overall alignment of the induced 

dipole moments, the particles will either move towards or away from the area with the 

highest electrical gradient (Hughes, 2002; Jones, 1985). The dipole alignment is 

determined by the relative polarisability of the compared to the surrounding medium. 

The direction of the overall force however, does not depend on actual direction of the 

electric field.  

 There are two types of DEP namely positive and negative. The phenomena of 

positive DEP occur when the particle is more polarisable than the surrounding medium 

which will then causing induction of dipole moment on its surface. Due to the high 

electrical gradient towards the negative end, the particle will then experience a net force 

towards it as expressed in Figure 2.1. While for negative DEP, the effective motion of 

particle is totally dependent on the polarisability of the particle and its medium, rather 

than the gradient of electric field. This is because during negative DEP, the surrounding 
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medium happens to be more polarisable than the particle, and thus repelling the particle 

towards the positive end of the gradient.  

 

 

Figure 2.1 : A schematic diagram of a positive DEP effect (particle is more polarisable 

than the surrounding medium). Red arrow indicates the net motion of the particle. 

 

 

By taking the assumption of a cell or particle being the shape of a sphere, the DEP force 

can be deduce as 

𝐹𝐷𝐸𝑃 = 2𝜋𝑟3𝜀𝑚𝑅𝑒[𝐾(𝜔)]∇𝐸2     Eq. 1 

where r is the radius of cell, εm is the permittivity of medium in the surrounding area, 

K(ω) is the complex Clausius-Mossotti factor, ∇ is the gradient operator, E is the 

strength or amplitude of the electric field in RMS value.   

𝐾 𝜔 =  
𝜀𝑝
∗− 𝜀𝑚

∗

𝜀𝑝
∗− 2𝜀𝑚

∗        Eq. 2 
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K(ω) is the Clausius-Mossotti factor which have a huge influence on the overall 

effective polarisability of particles. In the above equation, εp
*
 and εm

*
 are the complex 

permittivities of cell and medium, respectively. 

In addition to that, 

𝜀∗ =  𝜀 −
𝑗𝜎

𝜔
        Eq. 3 

where σ refers to the conductivity of the medium, ε refers to the permittivity and ω is 

the angular frequency of the of the applied AC electric field.  

 In the FDEP equation from (Eq. 1), the existence of Clausius-Mossotti factor, 

which is a frequency-dependent element, ensures that the FDEP also varies with the 

frequency of the applied electric field. The factor relies upon the strength of the relative 

polarisability between the particle and the surrounding medium. If the factor is positive, 

it reflects that the particle is more polarized than the medium, thus effective motion will 

results in moving towards the area with the highest gradient of electric field. Opposing 

to this, when a negative DEP befall and the medium is more polarisable than the 

particle, the effective motion will result in repelling of particle towards the lower 

gradient of electric field. This will happen when the Clausius-Mossotti factor brings out 

a negative value.  

 In order to enable the dielectric properties to be directly calculated and 

correlated in a useful manner, the above analytical expressions are needed to be 

expanded. There are complexities faced while trying to do so even though the analytical 

expressions may have explained thoroughly the DEP behaviour of spheres in a medium. 

By performing the best-fit numerical analysis, an estimation of electrophysiological 

properties can be made to correlate the relevant cellular electrical parameters with DEP 

behaviour.  
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 The estimation method has also shown to be very useful in characterizing 

multiple cell populations within a heterogeneous cell sample (Chin et al., 2006; Huang 

et al., 1996; Broche et al., 2005). A DEP spectrum has proven to be very beneficial in 

the extraction of electrophysiological properties because it also provides the estimation 

of the state and environment surrounding the cells. 

 

Figure 2.2: A typical shape of a DEP spectrum 

 

 Figure above shows the typical shape of the DEP spectrum while it can be 

shifted both ways, either to the right or to the left, depending on a particular influence 

that an external reagent has on the Clausius-Mossotti factor. This is due to the changes 

in components of Eq. 2 which consist of conductivity, permittivity, and angular 

frequency. A close example of this effect would be when an ionophore molecules were 

attached to the cellular membrane, higher level of ions were allowed to pass through the 

membrane which ultimately disturb the conductivity thus disturbed the ionic 

distribution. This will in turn disturb the Clausius-Mossotti factor value and result in a 

frequency shift of the DEP spectra.   
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2.3 Development of algorithm 

 The algorithm adopted for this experiment originated from the basic 

dielectrophoretic force (FDEP) in Eq. 1 as mentioned in previous section, which 

represents the displacement of particles under the influence of non-uniform AC current 

electric fields. 

𝐹𝐷𝐸𝑃 = 2𝜋𝑟3𝜀𝑚𝑅𝑒[𝐾(𝜔)]∇𝐸2   Eq. 1 

 where εo is the permittivity of the free space, εm is the permittivity of the 

suspending medium, r is the radius, E is the electric field and Re[K(ω)] is the real part 

of the Claussius-Mossotti factor, which is a frequency-dependent value, exhibited by 

Eq. 2 below, where ω is the angular frequency, and εp* and εm* are the complex 

permittivity of the particle and suspending medium respectively.  

Re[K(ω)] = (εp* - εm*)/ ( εp* + 2εm*)   Eq. 2 

 Being a frequency-dependent value, the real part of the Clausius-Mossotti factor 

plays a major role in determining the direction of the particle movement other than the 

polarisability of particles and suspending medium. Attraction and repulsion of particles 

with respect to the electric field generated by the electrode will determine the type of 

DEP the particles are experiencing. Attraction to the electrode is called positive DEP 

and repulsion from the electrode is called the negative DEP. From the experiment, 

images captured were analysed and it is found that the image processing technique, 

which is the histogram-based analysis, gives a much better option than the manual 

mathematical approach by using numerical method.  

Since the algorithm in the current analysis relies upon the histogram of light 

intensity in the captured images, it is of utmost importance therefore that the quality of 

the images is at the required optimal level. The contrast and brightness of the image, 
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prior to conducting the experiment, must be set accordingly for the subsequent analysis 

to be completed. The analysis particularly requires that the image must not be too dark 

or too bright, in order for it to correctly detect the dots and later to complete the analysis 

of the histogram within each of the dots.  

In the current program however, there is not a facility to quantify the level of 

contrast and/or brightness of the captured image, thus leaving it entirely to the 

judgement of the user to decide if the light intensity and the focusing of the microscope 

lenses were optimum. An ideal additional feature to the program would be a facility to 

automatically capture the contrast and brightness levels of the captured image, and use 

those values to automatically adjust the camera settings that allow it to capture the best 

images for the purpose of analysis. This approach however, requires additional 

programming that must interface with the digital camera, which is both time-consuming 

and demands high computing resources. In addition, any adjustment on the camera 

settings relies on the light intensity level coming from the microscope anyway, thus still 

requiring the subjective input of the user to a certain extent. An additional difficulty is 

in determining the uniformity of cell distribution over the dots, since the analysis 

algorithm relies on the light intensity coming through each of the individual dots.  

A simpler approach is therefore proposed to address both of the said problems in 

the current program, whereby it allows a user to quickly determine if the captured 

images are within the optimal range of contrast and brightness, and if the cells are 

distributed uniformly over each of the dots, prior to starting an experiment. If the 

captured images were not at its optimal starting conditions, the user simply have to 

adjust the light intensity of the microscope and/or re-suspend the cells within the 

chamber, and restart this additional feature of the program. Figure 2.3 below shows the 

flowchart of the algorithm for this feature. 
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Figure 2.3: Flowchart of the algorithm for detecting the initial intensity level of the 

captured images 

As shown in the flowchart, the chosen indicator for the additional feature is the 

modal value of the histogram of each dot. This is primarily due to the finding that the 

majority of dots that provide satisfactory cell distribution and subsequently good DEP 

spectra have its modal histogram value within the same region of intensity. Following 

an examination of 112 dots that fulfils the said criteria, it was found that the modal 

intensity level is 127.76 (±15.45).   
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Therefore, it is proposed that the rounded intensity values of between 100 and 

130 be used as an indicator to determine that the captured images have the optimal 

contrast and brightness required for the subsequent analysis. It was also found that a 

uniformly distributed cells within a given dot gave similar histogram plots, particularly 

values for maximum and minimum intensity levels, and the height (corresponding to 

total number of pixels at a particular intensity level) of the plot.  

 

2.4 Analysis of Dielectrophoresis (DEP) Images 

 

 The basic theory behind cumulative modal intensity shift (CMIS) method is to 

manipulate the possible relationship established between the Clausius-Mossotti factor 

and the cellular concentration shift for a population under the observation of a 

microscope, by adopting the Beer-Lambert‟s law of light absorption. In the adaptation 

of CMIS method, a Beer-Lambert region must be defined beforehand. If the region is 

defined to be at the center of the dot, this will narrow down the region of evaluation of 

light intensity.  

 From the chosen Beer-Lambert‟s region, attraction and repulsion of cells from 

the dot perimeter, where the source of electric field came from, will cause changes in 

light intensity coming through the defined region. For example, negative DEP, which 

results from the repulsion of cells from the area with high DEP force, will generate an 

accumulation of cells at the center of the dot. This will in turn limit the light intensity 

coming through that particular region.  

 On the contrary, the positive DEP which results in the attraction of cells towards 

the dot perimeter where the highest DEP force is exerted will allow greater amount of 

light to be transmitted through that particular region. Quantification of the Clausius-
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Mossotti factor is made by comparing the changes in the light intensity values between 

the captured images at a certain time frame with the reference image at the initial stage 

of the experiment.   

 In previous study (Fatoyinbo et al., 2008), the dot system was used to quantify 

the DEP force which in turns will determine the polarisability of the cells of interest. 

The relationship between the shifts in particle concentration with time can be 

established by applying the Beer-Lambert‟s law of light intensity, thus, the Clausius-

Mossotti factor. Assuming that initially, the dispersion of cells is uniform and the initial 

light intensity to be Io, the final state of light intensity (I) will be proportional to the 

concentration shifts of cells or particles in response to the applied DEP force. Intensity, 

I, tend to revolve depending on the cells accumulation as such in the middle due to 

repulsion of cells from the dot perimeter (negative DEP) which will decrease the light 

intensity and vice versa. This event can be expressed by Eq. 4: 

𝐼 = 𝐼0𝑒
−𝐴Δ𝑧𝐶        Eq. 4 

where C is the concentration of cells, A is the area, and Δz is the total path length of 

light. It is shown in a study done by Fatoyinbo et al. (2008) that the concentration 

difference over a specific volume is proportional to the average particle velocity, which 

in turn is proportional to the dielectrophoretic force and the Clausius-Mossotti factor as 

expressed in Eq. 5: 

𝑑(𝑙𝑛 (𝐼/I0))

𝑑𝑡
 ∝   𝐹 𝐷𝐸𝑃   ∝ 𝑅𝑒[𝐾(𝜔)]    Eq. 5 

where Re[K(ω)] is the real part of Clausius-Mossotti factor, 𝐹 𝐷𝐸𝑃  is the DEP force. In 

order to calculate the CMIS, two types of region of interest (ROI), namely center and 

outer region was introduced and identified in the dot aperture to be a third of the 

distance along the radius from the dot center. Cumulative pixels intensity values of the 
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initial and after image were compared to each other. Since the images were digitized 

pixel by pixel and quantized using an 8-bit unsigned greyscale spectrum, the intensity 

value (P) was defined to be between 0 and 255 (0≤P≤255) which represents black and 

white respectively. With the values clearly defined, needless to say that during negative 

DEP, the cumulative pixel intensity value at the center region of the after image (Iafter) 

will decrease if compared to the initial image intensity (Iinitial) due to the collection of 

cells that are centered in the middle of the dot, therefore limiting light to pass through. 

Opposing from negative DEP, positive DEP will produce higher image intensity in the 

after image (Iafter) compared to the initial image (Iinitial).  

 Generally, a histogram computes the distribution of intensities in a greyscale 

image which can further be used in image enhancement operation. It will count and sort 

all pixels with common intensity values. It is obvious that the histogram plot is relevant 

to the post-study of a DEP experiment due to the fact that when the cells are 

experiencing negative DEP, the histogram plot shows huge proportion of low pixel 

values (darker pixels) while huge proportion of high pixel values (brighter) was 

produced when the cells are in positive DEP experience. The cumulative values of 

pixels when counted from the modal values, which is the histogram peak, upwards 

towards the spectral maximum would shift to negative and positive values for negative 

and positive DEP respectively when compared and normalized against the values of an 

initial image.  

 The findings from previous study by Kadri (2010) were discussed briefly. 

Extraction of useful DEP information from the captured image starts with measuring the 

extent of cellular movement under the DEP influence in order to quantify the relative 

polarisability of the cell populations in use. These measured values will be normalized 

and employed in the construction of the corresponding DEP spectrum. The algorithm 

for the relative polarisability measurement was based on the Cumulative Modal 
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Intensity Shift (CMIS) image analysis technique that was developed for use with single 

dot planar microelectrode system (Fatoyinbo et al., 2008). As the name suggests, this 

method relied on the modal value of the histogram of the captured images. Generally, 

the algorithm will first detect the modal value by finding the peak of the histogram, and 

subsequently will sum the total number of pixels starting from this point onwards to the 

maximum light intensity value of the histogram. 

 Image 1 Image 2 Image 3 Image 4 

Full view 

of image 

    

Horizontal 

strips 
    

Histogram 

plot of 

horizontal 

strips 

    

Verticle 

strips 
    

Histogram 

plot of 

verticle 

strips 

    

Table 2.1: Results of an example of the proposed analysis of the initial captured image 
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Since the images was captured using an 8-bit greyscale spectrum, therefore will 

have values ranging from 0 (black) to 255 (white). The histogram of the captured 

images will count and sort all pixels with common intensity values. Table 2.1 above 

display the results shown in terms of histogram plots of the four different images taken 

during the experiment in order to obtain the DEP spectra of biological cells. The first 

row shows the full view of the dot image while row 2 and 4 shows the segmented 

central horizontal and central vertical strips from the original image respectively. From 

these strips, each of the histogram plots was generated by the additional module that 

analyses the captured initial image of the four-dot system. It is noted that each of these 

dots have scored a „1‟ for both horizontal and vertical central strips which implies that 

the distribution of cells within each dots were uniform and the modal value of the 

histogram level (red line) lies within the proposed optimum boundary levels (green 

lines). As mentioned in the flow chart in Figure 2.3, it is predetermined that the 

maximum and minimum modal values of the histogram were to be between 100 and 

130 and as proven by the analysis, the results of each histogram modal values does fulfil 

the said boundaries. This further implies that the image has optimum contrast and 

brightness for it to be efficiently analyzed.  
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CHAPTER 3 

 

METHODOLOGY 

 

3.1 Experiment Setup 

 From previous research experiments done by Kadri (2010), images of cells in 

electrodes prior starting an experiment are collected and provided for this research. 

Previously in the experiment, video cameras were placed above the electrodes 

containing the cells in order to record the progress of cells throughout the experiment. 

With the help of the video camera, images were taken at the frequency of 10 pictures 

per second.  

 The pictures were then analyzed at the initial stage of the experiment, which is at 

t=0. This is crucial in determining the suitability of a specific cell population 

distribution to proceed to the experimental level. Previously done by Kadri (2010), the 

initial image was analyzed by applying histogram plots for each dot image. Prior to this, 

the dots were segmented out from the whole image in order to enable analysis on each 

dot can be done. The process generally involves differentiating between the electrodes 

and the dots, thus improving the viability of the results instead of taking the whole 

picture. The process is briefly described in the figure. Through this process, the 

electrodes were eliminated from the whole picture due to the fact that it is of no purpose 

for the analysis. This is the pre-step of the analysis which will have to be done first prior 

starting and analysis of the image.  
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Figure 3.1: Pre-analysis showing (a) before and (b) after elimination of electrodes 
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3.2  Improvement on Image Analysis by using Average counts method 

  

 The main objective of this research is to optimize the way of analyzing initial 

images prior starting an experiment. In the support of histogram plots technique and 

CMIS technique mentioned in Chapter 2, average counts of grey levels is proposed to 

have a beneficial effects. This is analysis is made possible with the help of MATLAB 

program where the coding n programming were done. The steps involved for this 

improvement technique is summarized in below.  

 

 

Figure 3.2: Flowchart of the whole process 

  

Read and show the initial image

Thresholding to exclude the electrodes from analysis

Segmentation of dots from the inital image, producing 8 individual dots from 1 
image

Generation of strips (horizontal and vertical) which defines as the region of interest

Start the average counts
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3.2.1 Read and show original image  

 

 

 

Figure 3.3: the process of elimination of non-profitable areas 

  

 Initially, the image was uploaded into the workspace and differentiation between 

electrodes and dots were completed before starting the analysis. This is done by finding 

and defining an area with a shape of a circle, thus eliminating the other areas by setting 

the grey level values to 0 which represents black. With this done, the electrodes will not 

come in the way in further processes of the image and no longer being an obstacle to be 

removed.  
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3.2.2 Segmentation of dots from the original image  

 

 

 

 

 

 

 

 

 

1 2 3 4 

 

 

 

 

 

 

 

 

5 6 7 8 

Table 3.1: Segmented dots from the original image 

 

 Each dot was extracted from an image, which will result in having 8 consecutive 

dots to be analyzed separately due to the fact that each dot will not have the same image 

intensity which was caused by the differences in the distribution of cells in each 

particular dot.  

 

3.2.3 Generation of vertical and horizontal strips on each dots 

 

    

Figure 3.4: Development of horizontal and vertical strips 
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 For each dot, 2 types of analysis will be conducted by using horizontal and 

vertical strips. The purpose of generating these strips is to define the region of interest 

for the analysis. The strips were generated by finding the start and end point in the first 

row of pixels values. This is done by determining the first point where the grey level 

value is less than 250, the threshold that was used in this analysis, and the end point is 

also determined by the same method. This can be further demonstrated by the figure 

below. 

 

Strip width 

Figure 3.5: Magnified image of the process of dot extraction from an initial image 
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 In the first row of pixel values on an image, there is an exact point where the 

boundary of a specific strip which will be defined as the start and end point of the strip. 

For example, in the figure above, the area in the red box is defined as the first row of 

pixel values for this image. From there, the start and end point of strip is where the pixel 

value is greater than 250.  

 

3.2.4 From each strip, there are a few steps that have been done: 

  

 For the series of grey level values for each pixel, the average counts was applied 

by finding the mean of grey level values on 5 consecutive pixels and the value was 

stored temporarily in an array. Then, the averages of the next five pixels were found and 

so forth until the end of the row. These average values were then undergone statistical 

analysis where the standard deviation was found. From the standard deviation, it is 

predetermined that if a specified strip has average values with small range of standard 

deviation, the cell on the dot can be considered as evenly distributed.  

 In summary, the process of average counts technique starts with the 

segmentation process of dots from the original image. For a black and white image, the 

grey level was defined to be between 0 and 255 which represents the black and white 

respectively. From the dot images, the grey levels values of each pixel were recorded in 

an array which was then classified into segments with 5 pixels per segment. For each 

group of pixels (segment), the average value of grey levels was determined. A statistical 

analysis was conducted on the averages and standard deviation was determined. From 

the standard deviation, the values of maximum and minimum peaks will have to lie 

between 10 and 30 to be approved as images viable for experiments.  
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CHAPTER 4 

 

RESULT AND DISCUSSION 

 

 To describe the results obtained from the analysis, there are a few factors that 

need to be clarified. Firstly, the segmentation of pixels. Throughout the image which 

consist of a large number of pixels (according to the image size), it is important that the 

pixels were grouped into an equal number of pixels. This is to maintain the stabilization 

of results obtained from the average counts.  

 The process of grouping pixels into segments is illustrated in the figure below. 

For each row, the pixels are taken 5 at a time and were numbered sequentially. From 

these pixel segments, then the average counts was done. From there, the results are 

shown in the table below. Secondly, the introduction of a standard deviation range 

between 10 and 30 on the plots assist the decision making process. Lastly, there are 2 

sets of images used for this analysis which are evenly distributed cells are grouped as 

the first one and the unevenly distributed cells are grouped under the second set.  
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Figure 4.1: Classifying pixels into pixel segments 
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8 

 

 

Table 4.1: pixel segment vs. standard deviation plot for images with even distribution of 

cells 
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8 

 

 

Table 4.2: pixel segment vs. standard deviation plot for images with uneven distribution 

of cells 

 

 Depicted in tables 4.1 and 4.2 are the results shown by horizontal strips taken 

from images of manually determined even and uneven distributions of cells. By 

introducing a boundary between 10 and 30, the standard deviation plots for the evenly 

distributed images are shown to lie in between the range. This is not so for the images 

of unevenly distribution of cells. As the plots in Table 2 illustrated, plots are randomly 

distributed with extreme values highly above and below the said boundaries.  

 In figure 4.2, the plots of the first set of data from the images of evenly 

distribution of cells, there exists no extreme value detected that lies above or beyond the 

boundary. This result contradicts from the other group of data which produces spikes 

and extreme values above and below the boundaries as depicted in figure 4.3. Thus, it is 

only fair to draw the conclusion that the said boundaries have the potential of 

determining the uniformity of cell distribution in a certain image. 
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Figure 4.2: Standard deviation plots o the first group of images with evenly distributed 

cells 

 

Figure 4.3: Standard deviation plots o the second group of images with unevenly 

distributed cells 
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CHAPTER 5 

 

CONCLUSION 

 

5.1 Summary 

 As promulgated previously in chapter 1, all DEP experiments must be inserted 

with a gasket full of cells which are being distributed evenly throughout the dot area. 

Previously, the initiation of DEP experiments were only using single dot electrodes 

which eliminate the needs of image analysis prior starting an experiment. This is 

because the algorithm developed by Fatoyinbo et al. (2008) for single dot experiments 

are proven to be effective and impeccably resonable. Unfortunately, recent advancement 

on electrode development which have moved from single to multiple dot electrodes 

denies the immunity of the previous algorithm. Thus average counts is adapted to meet 

this purpose. The findings from the average count algorithm implies that standard 

deviation can be used to evaluate the effectiveness of the said algorithm. The 

introduction of a range between 10 and 30 makes the process of analyzing the data to be 

much more yielding. It is prominent to say that images with even distribution of cells 

will produce a standard deviation plot that lies within the boundaries of 10 and 30.  
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5.2 Limitation 

 There are a few limitations of this method since it is not fully tested and applied. 

Firstly, this method is fully dependent on the contrast and brightness of the original 

image provided from previous experiments with the contrast and brightness of the 

images differ from one to another. Secondly, there are only limited number of images 

undergone this algorithm to fully concluded that the results provided are representative 

of the whole images. Other than that, there are limited resources and time constrain 

faced for this short dissertation. 

 

5.3 Future Recommendations 

 For future work, there are a few recommendations that can be adopted in order 

to improve the current work. Most importantly, the analysis of graph produced from the 

standard deviation plots must be extended by applying Fourier Transform. This is to 

determine the homogeneity and uniformity of the cell distribution from an optical based 

DEP devices by giving out a numerical value. Besides that, the currently developed 

algorithm can be incorporated into the overall DEP analysis program that have been 

developed previously by Kadri (2010). 
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APPENDIX A 
 

MATLAB codes for average counts 
 

 

function [ V ] = av5( I,v ) 

 
M=size(I,1);    %bace satu row and define the length of row(bilangan 

column) 

  
for i=1:M 
    V(i,:)=rav5(i,I,v); %cari average in a row, 5 by 5 
end 

  
function [VR]=rav5(i,I,v) 

  
N=size(I,2); 
n=mod(N,v); 
R=(N-n)/v; 

  
for j=1:R 
    VR(j,1)=avrr(i,j,I,v);      %for nilai yg cukup2 dlm gandaan v 
end 

  
if n>0 
VR(R+1,1)=avrn(i,n,R*v,I);      %for nilai yg balance, luar dr gandaan 

v 
end 

  
function[VRJ]=avrr(i,j,I,v) 

  
P=I(i,(v*(j-1)+1):v*j); 
VRJ=sum(P)/v; 
 

function[VRR]=avrn(i,n,Rv,I) 

  
P=I(i,Rv+1:Rv+n); 
VRR=sum(P)/n; 
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