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Blood cells diagnosis is becoming essential to ensure a proper treatment can
be proposed to a blood related disease patient. In current research trending,
automated complete blood count analysis system is required for pathologists
or researchers to count the blood cells from the blood smeared images.
Hence, a portable mobile-based complete blood count (CBC) analysis
framework with the aid of microscope is proposed, and the smartphone
camera is mounted to the viewing port of the light microscope by adding a
smartphone support. Initially, the blood smeared image is acquired from a
light microscope with objective zoom of 100X magnifications view the
eyepiece zoom of 10X magnification, then captured by the smartphone
camera. Next, the areas constitute to the WBC and RBC are extracted using
combination of color space analysis, threshold and Otsu procedure. Then, the
number of corresponding cells are counted using topological structural
analysis, and the cells in clumped region is estimated using Hough Circle
Transform (HCT) procedure. After that, the analysis results are saved in the
database, and shown in the user interface of the smartphone application.
Experimental results show the developed system can gain 92.93% accuracy
for counting the RBC whereas 100% for counting the WBC.
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1. INTRODUCTION

Complete blood count (CBC), also known as blood counting [1], is a basic screening test which is
performed frequently in laboratories [2]. It counts the quantity of different types of major cells in the blood
sample, which are red blood cells (RBC), white blood cells (WBC) and platelets [3]. Besides, CBC provides
some crucial information on some parameters that related to each type of blood cells for determining an

individual’s general health status [4].

For conventional implementation of CBC analysis, there is a limitation that CBC analysis is
typically accomplished in specific laboratories with trained laboratory techinicians. The laboratory is
equipped with high end optical instrument, and manual counting is usually done by a trained laboratory
technician or a doctor which causes time wasting while transferring the blood samples to the laboratory and
waiting for the results. Indeed, it is a laborious task and may lead to human variation error.
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Instead of implementing the CBC analysis manually, there are few technologies used to count the
blood cells in a specimen automatically, such as image-based cell counters [5], flow cytometers [6] and
coulter counters [7]. However, these techniques still require expertise to operate it and the equipment for
these methods are expensive. Hence, a more convenient and reliable method to automatically count the blood
cells in a specimen is introduced which is a mobile based automated complete blood count analysis
system [8]. This creates new opportunities for more efficient medical care system [9]. Besides that, this
method also bring benefits to developing country because the cost is lower as compared to other
methods [10].

Although an automated blood cell counter is effective in counting blood cells, but it is hard to be
implemented in all hospitals and clinics in developing country due to the equipment used is very bulky,
costly and need to be operated by trained technicians [11]. Apparently, the maintenance is also costly. Instead
of purchasing a new automated blood cell counter machine, it is more practical and portable to develop an
automated complete blood count analysis system that is to be implemented by using mobile devices such as
smartphones [12]. The smartphone camera lens attached to the microscope is capable to provide digital view
of the blood cell and the image processing support can be easily ported to the smartphone application
development software.

Hence, we propose a mobile based automated complete blood count analysis system from blood
smeared images to count the number of RBC and WBC by considering an overlapping constraint. This paper
is organized as follows: Section 2 presents the methods of this proposed project; Section 3 contains the
results; Section 4 shows the discussion; and Section 5 is the conclusion of this project.

2. RESEARCH METHOD

In this section, a well-planed project methodology is discussed and elaborated. The following
Figure 1 show the overall methodology in this project. In Figure 1, the methods are briefly presented and
separated into two major phases, which are image acquisition and application building phase. In application
building, it is separated into three minor components, which are preparing segmentation and counting
algorithm, setting storage and database, and designing user interface (Ul).

N

Application Building

«Image Segmentation and
w Counting Algorithm

Image Acquisition » User Interface (UI) Design
= Image Storage and Database

Figure 1. Overall methodology which includes image acquisition and application building

2.1. Image Acquisition

First, the image is acquired and captured by Sony 21 Megapixel CMOS image sensor, IMX230,
which the camera is attached on the smartphone of Sony Xperia M5. With the aid of light microscope, the
blood smeared images are captured in 100X objective magnification and 10X eyepiece magnification. The
following Figure 2 shows the setup for the image acquisition.

Figure 2. Smartphone attached on the light microscopes
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2.2. Application Building

To utilise the smartphone that had been used for acquiring the microscopic images, the application
software has been developed by using Android Studio with the API 21 support, which compatible with
Android Lollipop operating system (OS).

Hence, there are three components has been developed using Android Studio, which are image
segmentation and counting algorithm design, storage and database management, and user interface (Ul)
design.

2.2.1. Image Segmentation and Counting Algorithm Design

In this stage, the blood smeared images are processed to obtain the number of red blood cells and
the number of white blood cells. With the aid of OpenCV libraries, which ported as a module in Android
Studio project, all the acquired images are able to be processed to obtain useful information, such as the
numbers of RBC and WBC from an image. A general process flow of image segmentation and counting is
presented in Figure 3.

Region of | Color Space ( WBC
Interest Finding Conversion | Segmentation

RBC Counting [ Segmentation WBC Counting |

Numbers of RBC and WBC

Figure 3. General process flow of image segmentation and counting

The first step is to find the region of interest (ROI) in the images as the image captured is
approximately circular in shape. Figure 4 shows the detailed processed on finding the ROI of an image.

| Original Image | I Grayscale Image

Original Image Grayscale Image Image Thresholding
Contour and Parameters [ .
Finding | Image Thresholding
L]
Intem;l Bounding Box Cropped Image Cropped Image Internal Bounding Box Contour and Parameters
Drawing and Cropping Drawing and Cropping Finding
() (b)

Figure 4. Detailed process in finding and cropping the region of interest from images in (a) flow chart and (b)
image illustrations for each stage of processing to crop the image

Initially the original image is being grayscale, before it passes through thresholding process. Next,
the grayscale image is transformed into binary image using Otsu threshold for differentiating the ROI and
background of the images. Then, the binary image is process under contour finding to obtain the information
of the ROIL. In finding contour information, the height, width, position and centre of the contour are extracted
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and used for drawing internal bounding box and cropping the ROI into a new image. Figure 5(a) illustrates
how the internal bounding box to be drawn on a contour.

In Figure 5(a), for drawing internal bounding box (red square in Figure 5(a)), the height and width
of the internal bounding box are set to be equal. This is because the diameter of the contour (black oval shape
in Figure 5(a)) varies the height and the width of the contour (green rectangle in Figure 5(a)). By determining
the precise diameter (orange line in Figure 5(a)) to be used for drawing the internal bounding box, the
minimum value is chosen by comparing the value of the height and width of the contour. Then, the value
multiplies with sin 45° or 0.7071 as using the trigonometric resolver to determine the width and the height of
the internal bounding box.

4%

N

N | A
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Figure 5. (a) lllustration of the cropping on internal bounding box (red color box). (b) Cropped image in RGB
representation is converted to L*a*b* colour space. b* channel is used for WBC segmentation whereas a*
channel is used for RBC segmentation

Hence, the original image is cropped according to the internal bounding box for colour space
conversion.

In color space conversion phase, the cropped image is transformed into L*a*b* representation.
Figure 5(b) shows the conversion and separation of the colour space during this phase. The cropped images is
converted from RGB colour space to L*a*b* colour space [13]. In this project, channel b* and channel a*
from the L*a*b* colour space are used for WBC and RBC segmentation respectively.

In WBC segmentation and counting, the WBC in b* channel image is segmented using binary
threshold. Next, WBC is counted based on the number of contours in the segmented image using topological
structural analysis [14]. Figure 6 illustrates the process of WBC segmentation and counting.

WBC Segmentation WBC Counting

e al

Figure 6. b* channel of the cropped image is used for WBC segmentation and counting

The b* channel image from L*a*b* colour space is threshold with the value of 35, and the binary
image which had segregated WBC as foreground, is formed for WBC counting purpose. By using contour
function, the WBC is captured on the binary image. Then, the system will draw the WBC contour line on the
cropped image with blue colour only if the height and width of contour is more than 50 pixels. The system
will also automatically count the number of contour drawn on original image. After that, the counted number
is saved in global variable for further data.

In RBC segmentation and counting, the RBC in a* channel image is segmented using binary
threshold. Then, the RBC is counted using topological structural analysis, which using the same technique as
WBC counting. Figure 7 illustrates the process of RBC segmentation and counting.
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Figure 7. a* channel of the cropped image is used for RBC segmentation and counting

The a* channel image from L*a*b* colour space is threshold by using Otsu method [15]. The binary
image, which had segregated RBC as foreground, is formed for RBC counting purpose. By using contour
function, the RBC is captured on the binary image. Then, the system will draw the RBC contour line on the
cropped image with green colour only if the height and width of contour is more than 70 pixels and less than
150. The system will also automatically count the number of contour drawn on original image.

Besides, there are some clump regions of RBC, which the height or width of the contour detected is
more than 150 pixels. In order to count the RBC in the clump region, the clump region is initially cropped
from the image. Next, the cropped image is undergoing Hough Circle Transform (HCT) [16]to identify the
circles that found on the clump region [17]. To obtain optimum circle number, there are four parameters that
require to be controlled which are accumulator threshold value, minimum distance that must be exist between
two circles, minimum radius and maximum radius of the circle. In this project, such parameters are tuned to
be 5.5, 75, 50 and 90 respectively. Then, the number of detected circles will also counted as RBC. After that,
the counted number of RBC is saved in global variable for data management.

2.2.2.  User Interface (Ul) Design

In this phase, the Ul is designed for user to insert the data and view the results. There are few Uls
that had been designed, which are Sample List Activity, View List Activity and Image View Activity.

In Sample List Activity, the list of all created samples is shown. Figure 8 illustrates the Uls of
Sample List Activity, View List Activity and Image View Activity.

OO %D 4 &

El Lol 4 IPIRCoES

Auto-CBC ADDNEWSAMPLE  §

Add New Blood Sample

Please enter the blood sample name:

(@) (b) (©)

Figure 8. (a) Sample List Activity, (b) View List Activity and (c) Image View Activity

In Sample List Activity which shows in Figure 8(a), there is a list view, which contains all the
samples information from the database, and an edit text field, which allow users to search the sample if there
is many samples shown in the list view. Users are also allowed to press the desired sample in the sample list
for obtaining the view list in the View List Activity.

Besides, there is an “Add new sample” button, which allow users to key in the sample name for
adding sample into the database, and a “Reset Data” in the menu button, which allow users to clear all the
data in the database including the images that stored in internal storage.

In View List Activity which shows in Figure 8(b), there is a list view, which contain all the images
information from the database, and allow user to view the result of the analysis if the images is analysed.
Furthermore, there is a “Capture” button, which allow users to snap a picture using camera application and
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save into internal storage, and an “Add Image” button, which allow users to copy the image from the existing
storage to the internal directory for blood cell analysis purpose.

In Image View Activity which shows in Figure 8(c), the images before and after analysis are shown
in the Ul. Besides, the number of RBC count, WBC Count, time elapsed for the analysis time taken, date
created and date analysed are shown in the Ul to allow users to view the results in the Image View Activity.

2.2.3. Image Storage and Database Management

In this phase, the data, such as the images and other crucial information are saved at specific storage
for further reference and development purposes. There are two types of data are required to be stored, which
are image type and information type.

For image type data, all the images are saved in JPEG format and follow the directory as shown in
Figure 9(a).

)
A4

e . m Table Name: View
I Column Name Column Type

¢ Q E> IMG_<ID> JPG Table Name: Sample = _view_id INT
Column Name | Column Type view_name TEXT
e LJ Auto-CBC <SampleName> id INT L view samp\e TEXT
Intemal Storage R _sampleName | TEXT _tbc_count INT
f‘-i T4 date_created TEXT wbc_count INT
— date modified TEXT time_elapsed TEXT
m date_created TEXT

|__date_modified TEXT

IMG_<ID>_R JPG
(@) (b)

Figure 9. (a) Image files are save in the directory according to the sample name, (b) The tables with column
information in SQL.ite database

The images type files have two classification, one is original image captured from the camera or
copied from the existing storage, named as IMG_<ID>.JPG ; another is the processed image after the number
of RBC and WBC are counted, named as IMG_<ID> R.JPG. There are saved in folder that according to
their own parent directory, which the name of the directory is based on the sample name.

Furthermore, information type data are stored in SQLite, which is internal database that found in
Android Operating System. Figure 9(b) illustrates the data arrangement in SQL.ite for this project.

For SQLite database, there are two tables that created in this project, which are named as “Sample”
and “View”. These two tables are responsible to save all the information such as the sample name, the image
view name, the result of RBC and WBC count, time elapsed for the analysis time taken, date created and date
modified. Hence, all of these data are able display in the Ul for reference use.

3. RESULTS AND ANALYSIS

In this section, the performance of the system was evaluated based on the 15 images, where these
images are captured from the educational type blood smear provided by the supplier. For the former
assessment, the quantitative measurement is performed using confusion matrices, which are True Positive
(TP), True Negative (TN), False Positive (FP) and False Negative (FN) parameters. Eventually the accuracy,
precision and recall are calculated using the Equation (1). Accuracy provides evaluation regarding how well
the overall system performance with respect to the ground truth data. Precision shows information about how
many of detected WBC are correctly whereas recall gives how many WBC is correctly counted from the
whole image, and these three parameters will be analysed on RBC.

P +IN
Accuracy = ;
TP +TN + FP + FN
.. P
precision = ————;
TP + FP
recall = 1w
TP + FN

o))
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Table 1 shows the WBC counting result analysis, and it illustrates that the average accuracy,
precision and recall for the system achieve 100% in counting the WBC from blood smeared images. It shows
that the system is perfect in detecting the WBC with no errors. This is because it is rare to find WBC on the
educational purpose blood smear, causing each captured image only obtain 1 unit of WBC. Hence, WBC is
able to be counted perfectly from the blood smeared images.

Table 2 summarises the RBC counting result, and it illustrates that the average accuracy, precision
and recall for the analysis system achieve 92.93%, 95.19% and 97.42% respectively, in counting the RBC
from blood smeared images. It shows that the system is capable and well performed to detect the RBC with
few errors. There are few errors found which are miscount due to the Hough Circle Transform unable to
detect the RBC in exact shape. Figure 10(a) shows example of RBC is missed from counting and miscount
due to the performance of HCT.

Table 1. Result Analysis for WBC counting

Image TP TN FP FN Accuracy (%) Precision (%) Recall (%)
1 1 106 0 0 100 100 100
2 1 80 0 0 100 100 100
3 1 83 0 0 100 100 100
4 1 119 0 0 100 100 100
5 1 82 0 0 100 100 100
6 1 99 0 0 100 100 100
7 1 127 0 0 100 100 100
8 1 103 0 0 100 100 100
9 1 132 0 0 100 100 100
10 1 110 0 0 100 100 100
11 0 104 0 0 100 N/A N/A
12 0 119 0 0 100 N/A N/A
13 0 94 0 0 100 N/A N/A
14 0 109 0 0 100 N/A N/A
15 0 100 0 0 100 N/A N/A

Average 100 100 100

Table 2. Result Analysis for RBC counting

Image TP TN FP FN Accuracy (%) Precision (%) Recall (%)
1 106 1 7 2 92.24 93.81 98.15
2 80 1 0 4 95.29 100.00 95.24
3 83 1 16 6 79.25 83.84 93.26
4 119 1 6 0 95.24 95.20 100.00
5 82 1 7 2 90.22 92.13 97.62
6 99 1 3 2 95.24 97.06 98.02
7 127 1 3 5 94.12 97.69 96.21
8 103 1 3 7 91.23 97.17 93.64
9 132 1 2 1 97.79 98.51 99.25
10 110 1 5 2 94.07 95.65 98.21
11 104 0 8 2 91.23 92.86 98.11
12 119 0 8 3 91.54 93.70 97.54
13 94 0 5 3 92.16 94.95 96.91
14 109 0 2 1 97.32 98.20 99.09
15 100 0 3 0 97.09 97.09 100.00

Average 92.93 95.19 97.42
i
(@) (b)

Figure 10. (a) Two RBC are missed and one contour is miscounted in the image, (b) Illumination effect
(purple colour) is captured and counted as RBC with the circle number of 85, 86, and 91
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Besides, the time consumed while processing the image will be another factor of the performance in
this analysis system. In order to record down the time elapsed for each image to process, the timer function is
added into the application. Hence, all the time recorded are summarised in Table 3.

Table 3. Time Elapsed for processing the image

Image Time Record (s) Image Time Record (s)

1 3.387 8 2.356

2 2.752 9 3.863

3 14.171 10 3.448

4 4.184 11 2.982

5 2.284 12 4.990

6 2.797 13 2.428

7 3.210 14 2.785
15 3.616

Average 3.950

In general, the time taken for counting nearly to 100 RBC and WBC in an image is average
4 seconds, which the processing speed is consider fast, and yet there are some of the images are taking longer
time, which is over than 10 seconds, to complete the processing and obtain the number of WBC and RBC.

4. DISCUSSION

In this section, the overall performance of developed system is discussed. In general, this system
brings a bunch of advantages including high portability and high mobility, high accuracy, cheaper, less time
consuming and capable to avoid human error. The developed system is very convenient, due to it is mobile
based, which can bring along while travelling long distance.

Besides, this system performed high accuracy in counting RBC and WBC, with sample images
tested, which makes the system more reliable, so the system is capable to avoid human error. Furthermore,
the developed system has less time consuming in process. With average of 4 seconds, the system is capable
to process and count the RBC and WBC automatically with high accuracy. The most important is that the
cost of this developed system is lower compared to the bulky blood cell counter machine, which brings
benefits to medical field, especially in developing countries.

Besides, there are few precautions being discussed, and required users to take note while
implementing this analysis system. During image acquisition, the image must be cleared and the colour of the
image must be high contrast in order to achieve optimum result. It is happen in the sample image 3, which
consume a longer time (14.171 seconds) to identify the blood cells. This is due to the illumination effect of
the microscope, which shows in the Figure 10(b), on the contour circle 85, 86 and 91.

In order to avoid this circumstance, the smartphone camera must be firmly attached to the eyepiece
magnification lens for reducing the illumination effect.

5. CONCLUSION

In this paper, a mobile based automated complete blood count analysis system that capable to count
the number of RBC and WBC from blood smeared images is proposed. The system consists combination of
three major works, which are image segmentation and counting algorithm design, user interface design, and
image storage and database arrangement. Each of these works gave performance during task completion with
an acceptable tolerance. The accuracy of counting RBC is 92.93% whereas WBC have a counting of 100%
accuracy. Overall, this system is accurate which able to capture blood smeared image with a smartphone and
counted automatically with a less time consuming of 4 seconds in average.

This system brings a lot of benefits especially for research purpose in developing country. This is
because it is mobile based which is non bulky compared to blood cell counter machine, and it can save cost
and time as compared to conventional method. Besides, this system can avoid human error due to
pathologists do not need to count the blood cells manually. This system is low cost and high benefit which
provide a convenient way to count the blood cells automatically.

Further development can be applied to make this system even more convenient such as the
implementation of Internet of Things (1oT). The improvement of RBC counting can be further increase and
additional function of platelet count can be develop in the future. With the growing technology of the
smartphone operating system, further innovation can be done to follow the trend. This technology can be
sustained developing to follow the technology trend and avoid it from being outdated.
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