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 There are many direct and indirect methods of measuring the volumetric ratio 

of red blood cells relative to sample size and total blood, but the manual 

carcinogenic method remains the most stable and least expensive method 

despite the possibility of human error. The ratio percent of the packed red 

blood cell volume to the total volume of the blood sample is known as the 

packed cell volume (PCV). Our efforts were directed at finding a precise and 

economic method for PCV determination. Thereby, we designed a simple 

device consisting of a digital camera that is connected to a computer which 

uses a specific MATLAB program to process the blood images. As a result, 

the image can be read and the PCV can be calculated using a special code 

system. This new measuring system provides the capabilities and advantages 

to frequently comment on measured PCV with normal or abnormal, in 

comparison with normal values of PCV, which are stored in the computer. 

Our measurement method provides accurate results compared to the ruler 

results to alleviate the effort of clearing the hepatitis C virus from the blood 

(PCV). This system enables a swift and simple sample analysis and PCV 

identification. 
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1. INTRODUCTION 

Hemoglobin concentration and oxygen saturation are considered as an indication of a patient's 

ability to transport oxygen, these are routinely monitored or tested in any instance where oxygen transport is 

thought to be compromised. Additionally, hematocrit and total hemoglobin concentration are used 

preoperatively to monitor patients during procedures with a high risk of blood loss or hemorrhage. The 

measurements are also used in guiding clinical decisions to treat low blood volume, or anemia, through 

medication or blood transfusion [1]-[5]. The manual ruler method, used to estimate the volume of pressed 

blood cells, is one of the most used and least expensive methods and is therefore widely distributed in 

laboratories. A blood sample is taken from the patient using a capillary tube with anti-clotting material and 

ceterifuged. 

The process of centrifuging the blood leads to the separation of the blood model into the 

aforementioned components, as shown in Figure 1. It is calculated within the size range of the red blood cells 

because this causes a measurement error. PCV is the volumetric percentage of erythrocytes to the size of the 

total blood model.  

 

https://creativecommons.org/licenses/by-sa/4.0/


Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

MATLAB modeling to evaluate the ratio of packed cell volume (Zena Ahmed Alwan) 

415 

 
 

Figure 1. Model of centrifuged blood sample 
 

 

The volumes are extracted by the following calculations: 

 

PCV = ( 
High red blood cells in the form

Total height of the blood model
 ) × 100 

 

PCV assessment was and remains a critical indicator for the diagnosis of many diseases and is one of the main 

laboratory analyses. The normal volumetric ratio of PCV is 45% for males and 40% for females [6]-[10]. One of 

the oldest and simplest methods and among most widely used for patients of different ages is the microhematocrit 

method as it requires a very small amount of blood, not exceeding one drop, and because it is easy to accomplish 

and very economic. However, more time is needed to separate the model and conduct the measurements, and there 

is the possibility of the overlapping of separate layers of plasma (trapped) if the analysis time exceeds ten minutes. 

This is in addition to the dependence of the measurement on manual reading and the associated probability of 

human error and the error of non-electronic manual devices. 

Provided different classifiers to detect microcytic hypochromia using CBC and blood film features 

derived from a convolution neural network. The authors were used various evaluation metrics to achieved 

results (linear discriminant analysis (LDA), k-nearest neighbors (k-NN), support vector machine (SVM), and 

neural network classification principal component analysis (PCA)). However, the limited number of patients 

reduces the system complexity and researcher’s time for getting data from different hospital to train the 

network. Also, the limited number of training with a large number of features cannot because it leads to 

overfitting [11]. Proposel of using a smartphone-obtained snapshot to extrapolate canine PCV and integrated 

into a mobile application with low-resource environments. The cumulative error of the calculation, on the 

other hand, may have been measured in comparison to the permissible error for the system. The findings of 

this research indicate that smartphone-obtained photographs may be used to estimate canine PCV. 

Unfortunately, this could not be measured because each sample had only been tested once. This was one of 

the study's limitations [12]. suggested a common operating procedure for calculating packed cell volume to 

reduce interoperator variability and improve accuracy. In a veterinary teaching hospital setting, the authors 

suggested a standard operating procedure (SOP) for canine PCV calculation that decreases operator-

dependent variance and increases accuracy. However, the number of samples was relatively limited, 

especially in the clinical staff classes, but this was due to participant availability; preferably, a greater number 

of participants would be recruited in related future experiments [13]. 

Design and implementation of electroic circuit which depended on Arduino board were performed 

by H. Farooq and S. yaseen to estimate PCV. The authors were calculated the PCV and Hb (hemoglobin) 

values, which makes analysis of PCV blood reliable and simple treatment. The system composed of Arduino 

board, red light (600nm), photocell, and LCD. However, the system has limited samples to analysis [14]. 

During measuring process of canine PCV, a method for identifying inters-and intra-operator 

variability, as well as the stage of errors was proposed by [15]. To assess the PCV packed cell volumes of 

three samples, the authors put undergraduate veterinary students and veterinary surgeons to the test. The 

information was gathered from 44 students and 11 veterinarians. PCV measurement, on the other hand, is 

highly helpful if the decisions taken to handle the cases of study are reliable and precise. Operator variance is 

a major aspect that must be overcome by adequate preparation and adherence to standard operating 

procedures. 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 23, No. 1, July 2021: 414 - 420 

416 

To overcome obstacles of measuring system complexity, limitation of samples, and error of light 

reflection, our suggested method is based mainly on taking a high resolution digital image of the blood model 

after centrifuging, then processing this image by MATLAB program to obtain the results of the measurement 

digitallyand comparision these results with stored normal values of PCV to introduce resulted PCV values 

with indication that value is normal or not. 

 

 

2. PROPOSED METHOD 

Although the manual ruler is the simplest and least expensive method–and is therefore widely used 

in laboratories–the absence of subdivisions within the ruler gradients and the fact that the reading depends on 

the correctness of the view of the analyst mean that there is a high probability of human error [16]-[18], 

resulting in an error percentage. Hence, we are looking for a more accurate way to calculate PCV. The new 

basic idea, which is the basis of the invention, is to calculate the value of PCV electronically.  

The first step: After the process of separating the blood sample, the capillary tube is placed in the 

incision specified for it as the whole device is shown in Figure 2. The second step: the camera is turned on to 

take the required images for image processing and to show the results according to the patient's condition. 

The third step: the program will be launched and the images that were previously captured will be opened 

and they are processed according to the program placed in the coding system (code). The last step: It can 

show the results according to the context shown in Figure 3.  

This idea is based on the design of a special graphical user interface used to calculate those ratios 

based on a set of commands that read the image. Then, the ratios are shown and modified using certain 

algorithms to produce a ready-to-read image, extracting the results with special equations within the code 

system. Measurement of PCV is performed by the following suggested system which consists of the parts 

below: 

 

2.1.   Mechanical part 

As shown in Figure 2, this consists of the following components: 

- Slot for the camera mode: Through this, the camera is placed in a certain way, according to the design, to 

take pictures of the blood sample that is in the capillary tube, then, the images are transmitted through a 

special cable from the camera to the computer for image processing according to the program prepared in 

advance.  

- Incision of the capillary tube: This was designed according to the standard size of the capillary tube used 

for the analysis of PCV, it is placed after it has been introduced to the central separation device to induce 

separation between the red blood cells and the plasma to take the pictures and show the desired results.  

- Plastic holder: This is designed according to the form to fit the requirements of the work and sensitivity in 

the analysis to get the best results.  

- Base model: This has been added for the purpose of fixing the model and the accompanying movement of 

the device at work and during the accompanying difficulties, especially in analysis laboratories. 
 

 

 
 

Figure 2. The mechanical part 
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2.2.   Electrical part 

Computer: This is the controlling part of the system, achieved using the MATLAB program design 

master program, which controls the image processing and indicates the required measurements through the 

image of the capillary tube containing the blood sample of the person to be tested. Data transmission cable: 

This is used to transfer data through the connection between the computer and the camera. Digital camera: 

This is an electronic machine that takes photographs and stores them electronically instead of using film like 

conventional cameras. Modern digital cameras have become so versatile that some can record audio or video 

using a memory card, which varies in size to enable it to store more images. The camera is used to take a 

picture of the separated blood sample and the image is transmitted via a special cable to the computer to be 

processed by a special code to extract the value for the number of blood cells. The blood sample and camera 

specifications used in this device are effectively 7.2 megapixels with a high sensitivity of ISO 1000 and 

approximately 380 frames. 

 

2.3.   Programmatic part 

MATLAB (Matrix-Laboratory) is a leading program in mathematical engineering and mathematical 

applications. MATLAB has the ability to compute matrices, graph mathematical functions, implement 

various algorithms, create graphical user interfaces, and communicate with programs written in other 

languages, including C -, C ++, Java, and Fortran. This program is also used to draw two-dimensional graphs 

and to solve difficult mathematical equations and digital image processing to show the best results [19]-[22]. 

Here, we explain the interface developed to conduct the analysis of the image and to show the 

desired results. As shown in Figure 3, the interface includes the following parts: 

 

 

 
 

Figure 3. The interface of the program 

 

 

- Download the image: Download an image from the blood sample to the computer to be processed to 

achieve the result; the image is in the following forms: JPG, BMP, JPEG, PNG. 

- Axis (G1): The place where the image from the computer is processed using the image processing code 

graphical user interface in the MATLAB program. 

- Distance measurement: A programmed ruler is used to calculate the total height of a blood column in a 

unit of measurement. 

- Pixel information: This displays the information for each pixel in the image, whereby it is coordinated in 

the form of matrices (Pixel info (X, Y) [R G B]). 

- Pixel area information: Displays all the image pixels in a new list. 

- Get the length automatically: The length of the model of the whole blood column and the length of the 

column of red blood cells (RBC) are taken automatically. 

- Image information: This command displays special information that is processed, such as file name, file 

status data, image format, image width, and image length. 

- Cutting: This command is used to cut the image and extract the part to be processed. 
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- RGB level display: This command displays the primary colors in the image matrix (red level, green level, 

blue level). 

- Radio button: This part is used to choose the sex of the patient (male and female) to distinguish the value 

of compressed blood cells depending on the sex of the patient. 

- Height of the red blood cell column: This part is used to write the value of the height of the red blood cell 

column. 

- Height of the blood column pillar: Measurement of the height of the pillar of the whole blood model, 

which includes plasma, white blood cells, and red blood cells. 

- Treatment: This is the most important part of the program and calculates the value of the pressed blood 

cells using the law of the ratio between the height of the red blood cell column to the height of the whole 

blood column according to the following formula: 

 

PCV =(ℎ
𝐻⁄ ) × 100 

 

where: 

h= the height of the compressed erythrocyte column. 

H = full blood column height 

- The result of printing: This is where the result of the analysis is printed. 

- Exit: This section is used to close the program. 

 

 

3. RESULTS AND DISSCUSION  

 After the implementation of the PCV measuring device, the program is run using the MATLAB 

software R2017b [23]-[26], which is considered a very high-level language because it deals with commands 

that are implemented by any program. The program is run according to the following steps: 

- After the process of the separation of the blood model, as shown in the abovementioned practical steps, 

a capillary tube is placed in the joint in the specified incision, as shown in the device overview in Figure 2. 

- The camera is turned on to take the pictures required for image processing and to show the results 

according to the patient's condition. 

- The program is run, opening the images taken above and processing them according to the program set 

in the code system of the image processing. 

- We can show the results according to the context shown in Tables 1 and 2. Which illustrate the 

difference between the PCV values calculated using image processing and the microhematicrite ruler. 

As shown in the table, reading with a microhematicrite ruler depends on the accuracy and craftsmanship 

of the examiner. It is clearify that the process the images are esay because the image is very high 

precision and has only two dimensions, and the reading is more stable. That usefule for medical 

analyses in diagnose the disease. 

 

 

Table 1. Sex: female 1 
No. of tests Read using microhematicrite ruler Read using image processing Error ratio 

1 34 32.3029 2.329 

2 32 32.3251 0.4251 

3 33 32.3418 1.3418 

 

 

Table 2. Sex: female 2 
No. of tests Read using microhematicrite ruler Read using image processing Error ratio 

1 38 38.0134 0.0134 

2 37 38.0131 1.0131 

3 39 38.0251 1.0251 

 

 

4. CONCLUSIONS 

The value of PCV is measured electronically, which is the current fundamental that paper is based 

on. The aim is to create a specific graphical user interface to quantify these ratios using a series of commands 

for processing, viewing, and manipulating the image with algorithms to generate a ready-to-read image, and 

then extracting the result using special equations inside the coding system. According to the experiment 

involving the abovementioned tests, the following can be concluded that reduction of human errors and 

increased accuracy in the results obtained. Table 1 illustrates this. Rapid completion of the analysis. It is 
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possible to analyze a large number of models at once numbered and takes a group photo. The ability to 

analyze samples remotely as soon as they are available. A preliminary judgment on the results of the analysis 

of the models, whether they are natural or unnatural, whereby the natural ratios were stored in the program 

and the appearance of the result is written on the program interface. The device works on a regular battery 

that can be recharged, meaning it does not need an electrical source or generator in the system. It is 

considered a racing model to measure the volume ratio of red blood cells using image processing. 

Subsequently, we suggest that this new device be used to measure blood samples and find PCV values for 

blood models in hospitals and analytical laboratories in place of the old methods, in which the error rate is 

questionable. In addition, we can take advantage of developments in the field of electronics and computers. 

 

 

5. FUTURE WORK 

Future work could design and implement a device for measuring the volume of compressed red 

blood cells can be used multiple samples in the same time. Also, could connect the camera by internet that 

lets a database for all Analysts to use it and connect the computer with camera by wifi to allow to use one 

computer device for all laboratories. 
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