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measuring hematocrit will minimize the human-error and the time which will

give the ability for medical staff to serve more patients. This paper aims to
Keywords: demonstrate an automated system for measuring the HCT based on
microcontroller. The designed system based on Arduino Atmega 2560

Hematocrit microcontroller and combination array of lighting emitting diode and
Hemoglobin photodetectors. The transmission and the absorption characteristics of the red
Microcontroller light (660nm) through the centrifuged blood sample in a capillary tube are
Packed cell volume calculated and used to determine the HCT. The outputs are analyzed to

determine the haemoglobin (HB) and packed cell volume (PCV). The
significant correlation (r=0.9856, p=3.106*10-4) between the PCV readings
of the proposed system and the conventional method has been observed. The
most important finding is the precise of PCV and HB readings for the
proposed system compared with previous automated methods as well as the
conventional method have been obtained.
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1. INTRODUCTION

Hematologic disorder is one of the most prevalent diseases worldwide particularly in the poorest
healthcare service countries [1-3]. Anemia, Leukemia and malaria are closely similar parallels of the
hematologic disorder [3-5]. The early detection of these diseases helps to apply a suitable treatment and to
save the patient’s life. The hematocrit (HCT), which is a procedure to determine the packed cell volume
(PCV), has been used for early detection of the hematologic disorders. The conventional method to measure
HCT is a microhematocrit [6-7]. Although, the microhematocrit has been used to measure the HCT, it has
several disadvantages such as: tediousness, time consumption and inaccuracy due to the serendipitousness
nature of humans [8]. Therefore, an automated system for measuring HCT has been proposed.

Numerous systems are designed to measure the HCT automatically. The microscopic images of
blood sample, for example, has been used to calculate the total number of red and white blood cells [9-13].
The red blood cells (RBCs) have been used to calculate the level of HCT and to measure the Hemoglobin
[14-15]. Supriyanti et al. designed and evaluated a computerized diagnosis system to identify the leukocytes
in microscopic blood sample images [12]. Moreover, study by Kim et al proposed a physiometer based on
microfluidic system to measure the HCT and RBCs on a chip [16]. In this study, the electrical component of
the physiometer was used to estimate the hematocrit and the RBC. A computational method has also been
used to calculate the RBC in the blood sample [7, 17-18]. This method was based on the segmentation of the
microscopic blood imagery using image processing algorithm.
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A microcontroller based system has widely used in industrial and medical applications [19]. It has
been used to design an automated system for determining the PCV level. Study by Baban and Yaseen has
been designed and implemented a PCV measurement system using Arduino microcontroller [20]. They used
the light emitted diodes and photo-detectors with the aid of the microcontroller to estimate the PCV level.
However, in this study, there are no results presented to validate the implemented system. Furthermore, they
did not take in their accounts the interference and the scattering of the light emitted by diodes (LED). This
may lead to inaccurate estimation of the PCV value, HB and HCT levels.

To overcome the weakness in the previous studies, this study gives a new HCT reader design
through optimizing the distance between the LEDs and photocells. Thus, isolator slides are used to prevent
overlapping among LEDs. An isolated material is also used to enhance streaming and reduce light deviation.
Additionally, the evaluation and validation of the proposed system have been approved by comparing the
results of the automated (proposed) and the conventional systems.

2. RESEARCH METHOD

Three main parts have been focused in this study: Firstly, design and implementation of an
automated system for measuring the HCT of the centrifuged blood sample in a capillary tube based on
microcontroller. Secondly, in order to validate the proposed system, the results of the HCT, which were
obtained from the automated system, have been compared to the results of the convolutional method. Finally,
the levels of the PCV and HB have been calculated based on the values of the HCT.

2.1. Preparing of the Blood Sample

The hematocrit procedure depends on measurement the percentage of the volume of RBCs to the
volume of whole blood in the capillary tube [21-22]. The procedure of preparing the blood sample is started
by centrifuged the sample for five minutes at 10,000 rpm, this will lead to separate the sample into
multilayers: the first layer is the plasma, the second layer is the withe blood cell (WBCs) which is the
separate border between the plasma and the third layer which is the RBCs. The RBCs are settled in the
bottom of the capillary tube. The multilayer of the centrifuged blood sample in a capillary tube is
demonstrated in Figure 1.
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Figure 1. The multilayer of the centrifuged blood sample in a capillary tube

2.2. The Conventional Method of Measurement the HCT

The conventional method of measurement the HCT is known as the microhematocrit. The
microhematocrit method is recommended by the National Committee for Clinical Laboratory Standards
(NCCLS) for evaluating the HCT or PCV level of the centrifuged blood sample [23-24]. The HCT or the
PCV is measured by determining the ratio of RBCs volume to the whole blood volume. This is achieved by
measuring the height of RBCs layer and the whole blood sample volume using the microhematocrit reader in

Figure 2 which is expressed as a decimal number or percentage fraction. The mathematical
equations which are used to calculate the PVC level and the level of the HB concentration are shown in (1)
and (2), respectively [20, 23].

The height of RBCs layer
The height of the whole volume of the blood sample

PCV % = X 100 1)

HB = PCZ‘I @)
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Figure 2. The microhematocrit reader

2.3. The Proposed Automated Method of Measurement the HCT

The proposed automated method composed of array of fifteen light emitted diodes (LEDs,
wavelength 600nm). An optical isolated material is used to separate the LEDs in order to prevent the light
interfacing among the LEDs and to ensure that the specific diode will activate the corresponding photocell.
Figure 3 shows the configuration of the LEDs and photocells detectors with isolated materials. The
centrifuged blood sample in a capillary tube will put between the LEDs and the photocell detectors. Due to
the transparent characteristics of the plasma and the redness of the RBCs, the RBCs absorb the emitted light
(600nm); they prevent it from passing through and activate the photocells at the level of the RBCs. In
contrast, the plasma allows the red light to pass through and to activate the corresponding photocells at the
level of plasma. Therefore, the signals that are generated by the photocells can indicate the level of the RBCs
and the plasma as well as the whole volume of the blood in the capillary tube. Then, these signals generated
by the detectors will send to the microcontroller in order to calculate the PCV and HB levels and to display
the results on a screen.

(i

Figure 3. The configuration of the LEDs and photocells detectors with isolated material

2.4. Arduino Atmega 2560 Microcontroller

The Arduino Atmega 2560 microcontroller [25] is used in the projected system. This type of
microcontroller is considered as user-friendly and inexpensive microcontroller. It comes with a considerable
memory space and has more input\output pins comparing with the other models of Arduino microcontrollers.
It has 54 digital input\output pins as well as 16 pins for analog inputs [25]. The Arduino Atmega 2560
microcontroller has a crystal oscillator of 16 MHz built-in the based board and DC power jack. These
specifications make this microcontroller suitable for this project.

Figure 4 shows the Arduino Atmega 2560 microcontroller. The flow chart diagram of the operating
program for the microcontroller is shown in Figure 5. The signals, which are received from the detectors, will
be processed by microcontroller using (1) and (2) in order to determine the level of PCV and HB,
respectively. Then, the determined values will be sent to the LCD for displaying. The schematic diagram of
the proposed system is shown in Figure 6.
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Figure 4. the Arduino Atmega 2560 microcontroller
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Figure 5. The flow chart diagram of the operating program for the microcontroller

3. RESULTS AND ANALYSIS

The proposed automated method of measuring the PCV and HB has been designed and
implemented. In order to validate the implemented system, the blood sample were taken and tested from 6
subjects (3 males and 3 females) with different ages (average: 33.16 + 7.19 years). The comparison has been
made between the results of the proposed automated system and conventional method of calculating the
PCV. Table 1 shows the comparison between the readings of the automated and the conventional methods.
The measurement of the conventional method had been done by a specialist physician in order to obtain an
optimum reading and reduce the human error. It can be observed that the difference between the two readings
is considerably small which is might be due to the subjective error.
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Figure 6. The schematic diagram of the proposed system

Table 1. The Compactions Between the Readings of the Automated and the Conventional Methods
Manual
Readings PCV %

Subject Gender Age (Years) Automatic readings PCV% Difference %

S1 Male 35 40 38 2%
S2 Male 42 46.6 46 0.6 %
S3 Male 25 46.5 46 0.5%
sS4 female 35 38.7 38 0.7%
S5 female 38 36 36 0%
S6 female 24 40 40 0%

The effectiveness of the optical isolated material has also been studied. Figure 7 shows that the PCV
readings of the automated system without the optical isolated material have a large variation comparing to the
PCV reading of the automated system with the optical isolated material and the conventional method. This
variation can be due to the interference and the scattering of the light which is lead to inaccurate evaluation
of the PCV values. The statistically significant positive correlation (r=0.9856, p= 3.106 * 10-4) between the
PCV readings of the automated system with the optical isolated material and the conventional method has
been observed which indicated the accuracy and the precision of the proposed system. The comparison
between the automated and the conventional methods is very important to insure the accuracy of the
performance of the proposed method and eliminate the false positive readings of the PCV [26].
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Figure 7. The PCV measurement using automated method with and without the isolator material as well as
the conventional method
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4.  CONCLUSION

Accurate evaluation of hematocrit of the patients with hematologic disorders is essential for the
patients’ safety. This study aimed to design, implement and evaluate the automated system for measuring the
hematocrit of the centrifuged blood sample in a capillary tube. The statistically significant positive
correlation was observed between the PCV readings of the proposed and conventional method. Using the
isolator materials between the light source and photo detectors is necessary to reduce the false positive
readings of the PCV. This paper can consequently be esteemed as an attempt to develop or to shadow a
diagnostic model for an accurate, fast and cost-effective HCT measurement system. As a future work, the
laser diode can be used in this system to increase the directivity of the light and the precision of the reading.
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