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ABSTRACT: The paper proposes an automated method for counting of red blood cells using image processing 
techniques. The traditional methods of blood analysis involve the manual counting of blood cells observed under the 
microscope. This method poses large dependency on the skills of the laboratory technician and can cause errors. The 
automated haematology analysers, on the other hand, produce accurate results. However, these equipments are very 
costly and difficult to move once installed. They require trained experts to operate this equipment. The proposes 
method provides a low cost and portable solution for obtaining the red blood cell count using a image processing 
algorithm that works on the images captured by a microscope with considerable accuracy. The method minimizes the 
cost of the equipment while promoting mobility of the device for relocation to remote parts for pathological tests.  
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1. INTRODUCTION 
 
 
Pathology is the field of investigation of samples collected from the individual to provide proof for diagnosis in the 
medical field. It involves the detection of pathogens or harmful foreign particles present in the sample for providing 
important proof for further treatment of the diseases. A pathologist collects the samples and processes it using the 
laboratory equipment to generate a report based upon the results of the test. Frequently performed tests such as blood 
test, test for blood sugar, etc. also undergo the same process. The equipment currently available with the pathologist is 
the haemocytometer or the haematology analysers. This equipment is bulky and highly expensive. Even though they 
provide reasonable accuracy, the cost of the equipment is so high that many pathologists come together to purchase a 
single analyser machine.  

The problem statement of the project is to define a system which answers the hurdles present in the field of pathology. 
The system especially focuses on the rural parts and the remote village areas were the situation is much more acute than 
in the urban areas. The system should manage the cost of the currently available systems which is refraining the 
pathologists from approaching these areas and improve the services. Medical laboratories provide confirmation of 
clinical diagnoses, facilitate improved management of diseases, generate essential public health information and with 
adequate government funding [3]. 

This task requires a lot of time and skilled operators.  Fast and cost-effective production of blood cell count is very 
important to make better and affordable diagnosis. It is a critical task to extract morphological information about blood 
cells of an individual. One of the most challenging tasks is to extend traditional approaches to segmentation and object 
classification.Whencompared with the manual process, though the automated analyzers give fast and reliable results 
regarding the number, average size, and variation in size of blood cells, they cannot reliably count the abnormal cells, 
overlapped cells and do not detect cell shapes [5]. 
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In this regard, the paper presents an automated method, which counts the RBCs present in a blood sample.An image 
involves some unwanted particles (noise). Therefore, some pre-processing is neededwhich is called image preparation 
phase. The image preparation is done as follows: The first step is to convert the image from RGB color space to gray 
scale image then, this gray scale image is converted into binary image by applying thresholding method. Then, all the 
non-peripheral holes are filled in this binary image followed by smoothing. The next step is to fill the peripheral holes 
and finally, a hole less image is produced. From this hole less image, each cell is extracted and categorized. After the 
image is prepared properly after filtering and image processing techniques, finally, the total number of cells in the 
image is counted.  
 

II. LITERATURE SURVEY 

The project aims at providing a portable and low cost solution for pathology porcesses especially for blood tests for 
counting the  erythrocytes present in the specified volume of blood. Literature releated to the proposed work shows 
proof for supporting the problem statement with appropriate statistical data. Results of blood analysis not only have an 
important clinical significance to the observation of the diagnosis of the disease and the observation of curative effect, 
but also give a reference for human health assessment [1].Blood analysis in rural areas poses a major hurdle in the field 
of medicine and point of care treatment.A paradigm shift from the current ‘biomedical model’ to a ‘sociocultural 
model’ is required, to meet the needs of therural population [4]. 

III. PROPOSED METHODLOGY 

 

 

Fig. 1: Block diagram of the proposed method 

The system is designed to obtain images from the blood samples. Smear of the blood samples are prepared and kept 
under the objective lens of a microscope. The microscope is fitted with a camera that can take suitable images and load 
them into the processing unit. The processing unit possesses the image processing software which processes the images 
to extract information about the count of the red blood cells present in the samples.  

The scheme for the proposed system involves various image processing techniques such as image acquisition through 
the camera mounted microscope. The lens of the microscope needs to be selected for specific power and magnification. 
The red blood cells are considerably visible under a microscope having a resultant magnification of 400x. The camera 
resolution is also an important parameter for determining the number of red blood cells present in the sample. The 
resolution of the image, the magnification of the lens and the power of the lens are the crucial parameters for obtaining 
high accuracy with the proposed scheme. 
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After acquiring the image, it needs to be pre-processed before the information is extracted. Techniques such as low pass 
filtering, median filtering need to apply for reducing the redundancy and noise, if present, from the image. These 
techniques provide an image suitable for the further processing. 

The Python IDLE and the open source OpenCV library is used for image processing. It is an open source platform that 
provides numerous functions for image processing. These functions can be modified depending on various parameters 
that the function uses for processing. 

In our application, automatic area classification is a preprocessing step before further accurate and detailed cell 
enumeration and analysis [2]. 

A. Reading the image  
The image that is captured from the camera mounted microscope is stored in a directory that can be directly 
accessed by the python and OpenCV.  

B. Converting to Grey Scale Image 
The image obtained is a color image which has all the three RGB components. It needs to be converted to grey 
scale images.In order to process a blood cell image, conversion ofthe colour image into the grey value is 
required becauseof converting three intensities level to single intensity level [8]. 

 
Fig 2.Gray Scale Image 

C. High Pass Filtering 
The edges of the cells in the image need to be enhanced for detection of the change n the intensity of the grey 
levels inside and outside the cell and the background of the image.  

 
Fig 3. High Pass Filtered Image 

D. Canny Edge Detection  
The high pass filtered image is passed through the canny edge detection algorithm which detects the edges of 
the cells. It includes many subfunctions involving double thresholding, differentiation of the image based on 
the change in the intensity and avoiding the false edges. The secondary edges in the image are obtained by 
using connected components methodology. 

 
Fig 4 Canny Edge Detection Image 

 



 

 ISSN (Print)  : 2320 – 3765 
ISSN (Online): 2278 – 8875 

International Journal of Advanced Research in  Electrical, 
Electronics and Instrumentation Engineering 

(An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 4, April 2016 

Copyright to IJAREEIE                                                          DOI:10.15662/IJAREEIE.2016.0504097                                          2688 

E. Closing Morphological Operation 
Closing is Dilation followed by Erosion. It is useful in closing small holes inside the foreground objects and 
the small points on the image. This is useful for connecting the small gaps present in the edges of the cells. 

 
Fig 5 Closing Morphology Image 

F. Contouring The image  
Contours are closed regions in the image which are obtained by the canny edge detection algorithm. These 
contours are found in the image, which indirectly represent the cells present in the image. The basic idea of the 
red blood cells counting was to use three major techniques which arelogical, morphology and contour detection 
[10].. 

 
IV. IMPLEMENTATION 

 
Camera: 
The camera used for the capturing of image of Red Blood Cells on slide is a simple webcam (iballRobo K20) with 
resolution of 10.2 MP. The camera is connected to the processing unit i.e. computer which acquires the image which is 
to be used to generate final result. The field of view of camera is about 1mm X 1mm on the actual glass slide. Slight 
focussing is required before capturing of image. Focussing is done by adjusting the microscope so that the clear image 
will appear on the screen. Obtaining a clear image is very important as it involves the qualitative as well as quantitative 
information about the blood cells. Also the efficient implementation image processing algorithm depends on the quality 
of image. As the focussing is done, the user will run the program which also includes capturing of image automatically. 
The captured image is then processed using different image processing techniques. The camera vision is implemented 
for the task of counting of Red Blood Cells which is similar to the case in which a skilled person viewing the RBC 
slide through eyepiece of microscope and counting the blood cells manually using his/her expertise.  

 
Fig 6. Web Camera 

 
Microscope: 
The microscope is used for the appropriate magnification of blood cells. The microscope implemented for this task is a 
compound microscope with 15X eyepiece magnification and 45X objective magnification. It gives total magnification 
of 675X. The magnified image of RBCs is essential for application of different masks in image processing and 
detection of closed shapes in an image in order to obtain the number of cells present in the part of slide which is 
covered by field of view of the camera placed on the eyepiece. An appropriate light source is used under the platform 
on which slide with blood smear is placed. This illumination is necessary for the observation of cells through the 
microscope. The microscope used in the pathology labs are digital microscope which are very costly. But the 
compound microscope included in proposed scheme along with digital camera and processing unit together work as the 
digital microscope which has much less cost. Also the weight of the microscope is lesser than the bulky analysers and 
digital microscope; it makes the system more portable.  
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Fig 7. Microscope 

 
OpenCV: 
The image processing is done using programming language Python and Open CV. Open CV is the library through 
which different image processing blocks are imported to the Python Idle which is a programming environment. It 
consists of many inbuilt image processing functions. Python programming environment is very flexible. 

 
V. WORKING 

 
After preparing the blood smear of the blood samples on the slide the image is processed. The processing is done using 
the OpenCV library in the Python IDLE interface. Based on the algorithm the image is processed using various image 
processing techniques. The magnification of the microscope ensures that the RBCs are visible and image processing is 
possible on it. To ensure that proper counting of RBCs is done the image is first converted from RGB to Grey scale. 
But the image obtained after Grey scaling is not so sharp and hence, it is further subjected to High pass filtering where 
sharp images of RBCs are obtained. Now in order to count the RBCs, various edge detection techniques can be 
used[6]. Canny Edge detection technique is used here which help in generation of contours which denote the shape of 
the cells and are counted based on the algorithm. 
In image processing step the image is being enhanced in term of quality level to be prepared for the next process. It is 
because the produced image may have some artefacts andillumination issues [7]. 
 
Feature extraction is followed by morphologicaloperations, feature extraction also called descriptiondeals with 
extraction features that result in somequantitative information of interest of features that arebasic for differentiating one 
class of objects from another [9].The counting of RBCs in the area covered by field of view of camera is done by 
image processing algorithm. But the unit of actual count of the blood cells which appears on the report is millions / 
cm3. Therefore to obtain the now such samples are usually diluted with an anticoagulant liquid to separate the cells to 
decrease overlapping. In such cases we have to multiply the count by the dilution factor. Considering these factors the 
formula for RBC count becomes:  

 

 
Fig 8Microscope Mounted With Web Camera Interfaced With Computer Showing Live Image Of RBCs  

Actual rbc count per cm3= (RBCs counted by image processing / ((input image area/(magnification 
*magnification)*film thickness))*dilution factor 
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VII. RESULTS 

The results of the processed samples were verified with the count from the original sample. The original sample 
processed through haematology analyser showed a reading of 5.38 million cells per cm3 and the sample processed 
using the microscope assembly with image processing algorithm showed a count of 5.19 million per cm3. This shows 
that the proposed system has an error of 3.54% and an accuracy of 96% which is considerable taking into account the 
normal range of the RBC and the cost effectiveness of the proposed system.  
 

 
Fig 9.Original Image of the cells 

 

 
Fig 10 Image showing marked cells with count.            

 
The count of the cells obtained from the image is averaged and interpolated to obtain the final count of the RBCs 
present in 1 cubic centimetre volume of blood. Different Algorithms for detecting the blood cells from the image were 
tested. The algorithm which suited the most was utilized for increasing the efficiency of the system. 
A comparative study with lenses from different sources was tested to study whether the observed images were suitable 
for the algorithm to find the cells efficiently. Correspondingly, the pair of objective and eyepiece which produced 
magnified and clear image was selected and used for the system to work accurately. 
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Table 1 :  Comparison of different lenses and their magnification with images. 

VIII. CONCLUSION 

 
As a conclusion, this research successfully uses various image processing techniques for Red Blood Cell Estimation. It 
utilizes morphological approaches for segmentation, extraction and estimation in order to solve problem in image 
processing of the red blood cells. It proposes an image processing system that uses Python Idle software for blood cell 
counting. By using the Python Idle, all the importance aspects of a correct algorithm have been successfully produced. 
Different algorithms were employed for the detection and counting. With the efficient algorithm, the red blood cells can 
be detected and segmented as well as estimate the number of the red blood cells. It enables the study of the 
morphological features of RBC by the pathologist can determine whether the person is normal referring the amount of 
RBC in human blood. There is a need for fast and cost-effective production of blood cell count reports. This system 
includes an effective and efficient method in recognizing and counting blood cells as a practical alternative to the 
manual blood cell counting. Since it’s an on-going study, more enhancements and improvement could be done in the 
further process. The system can be further improvised for detecting various diseases related to different blood cell 
morphologies. 
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