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Abstract

During the critical situation of a patient, an immediate blood transfusion from others to a patient is necessary. The
blood groups are AB, B, A and O. The identification of the blood group and Hb- anemic help to decide blood transfusion
during emergencies. In order to check anaemia as well as to take complete blood count and to monitor a number of
diseases, the hemoglobin test is an important one. But both tests are not possible in remote and village areas, because
they require additional equipments and trained personnel which can be afforded only in lab. The conventional test
methods involve the risk of infection, possibility of occurring human errors, more time consumption and noise
interference. By addressing these limitations, an effective hardware system is proposed to detect blood group and Hb-
anemic by exploiting image processing mechanism with FPGA based VLSI process. The front-end model was developed
using MATLAB software, where the input blood sample images were converted into gray-scale and perform GLCM
model to generate the statistical parameters. The back-end model was developed using XILINX FPGA Spartan 6 kit/
Altera Quartus II. The data with code is then fed to hardware kit to compare and correlate with the training samples
using Stump Boost Regression Algorithm (SBRA). We considered World Health Organization (WHO)'s HCS method to
detect Hb-anemic. The proposed system shows improved performance, optimal accuracy, less error rate and less time
with low cost. This system can be used as a technician-free self-testing device, minimising the exposure of patients to
clinical settings.
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Introduction

Blood is the most vital component of the human
body, helping to transfer molecules like oxygen,
food, metabolic wastes, etc. (1). Red blood cells
(RBCs), platelets, and white blood cells are
contained in liquid plasma to form blood. Blood
groups are identified by antibodies and antigens
present in plasma (2). The identification of the
blood group and Hb-anemic help to decide blood
transfusion during emergencies. By studying the
antibodies and antigens in the blood, the blood
group detection is done (3). In addition, a lack of
certain Hb level leads to Anemia. Anemia is a type
of disease in which a person lacks enough RBCs
(4). Pregnant women, as well as young children,
are themost vulnerable to this effect (5). RBCs
carry fresh oxygen throughout the body.
Hemoglobin is the protein inside RBCs. It carries
oxygen .The blood group and hemoglobin tests are
conducted manually in a laboratory (6).
Unfortunately, the problem arises for the people
who live in rural areas and mountain. The scarcity

of enough lab facilities and trained personnel are
noticed (7). To address these problems,
researchers haveproposed a lot of techniques to
identify blood group and Hb-anemic level (8).

By transforming the image to grayscale and using
a local binary pattern with nearest neighbour
search, the blood group was identified (9).
MATLAB software was used to process the
camera-acquired image utilizing a variety of
processing methods, including pre- processing,
HSL Luminance plane, morphological operations,
thresholding, and quantification. Later, the pixel
deviations were compared to determine the
agglutination (10). The samples of blood are taken
into three parts and reagents are added by the lab
technician manually (11). Problem Statement:
The conventional methods involves the risk of
infection, time consumption,
Interference is more, the continuity of data
rate is not consistent, the hardware test

Noise

equipment for both blood group and Hb detection
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is not developed and also human errors while
performing test for large number of datasets. By
addressing these limitations, this paper proposes
a highly efficient FPGA based detection method
(12). Existing Method: In the existing system,
image processing techniques integrate with
android app is used to detect the blood group and
Hb levels. The detection of blood group is by
taking blood samples and perform some image
processing steps likegray scale conversion, edge
detection, segmentation, binary conversion and
computation (13). The Hb level detection follows
WHOs hemoglobin color scale (HCS) method (14).
The another paper proposed a testing system
based on Spartan 3e FPGA to determine blood
type using serum and saliva immunoglobulin
percentage data. Theclassification of blood group
is also done by integrating Image Processing
techniques with Raspberry pi (15). Solution
Statement: Due to the Integration of Image
Processing and VLSI approach, Image processing
based front-end design is developed, Machine
learning based analysis module is created and so
the processing delay is being reduced. Hardware
model developed for detection of both tests.
Proposed System: In this, FPGA based approach
is evaluated for the classification of blood samples
and Hb- anemic detection. Initially, we take three
drops of blood which are mixed with antigens A,
B, and D by placing them serially. The captured
image is then processed. The front-end model is
developed using MATLAB software, in which the
input blood samples images are converted into
gray-scale image and GLCM model is developed to
generate statistical data. These fetched data with
code is then feed to Spartan kit in the form of array
file to compare and correlate with the training
samples in order to detect blood group and Hb-
anemic which helps to identify whether the
person has anemia or not. The detection result
was displayed using Altera design software. Here,
by using VHDL, we have proposed the analysis
system based on FPGA which is reprogrammable
(16). Thus, the proposed work helps to develop a
real time product or system.

Methodology

The block diagram of proposed system for
detecting blood group and Hb-anemic is shown in
Figure 1. The description of each module is also
provided below. Image Collection: The important
and first step in image processing is the image
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collection. It is the process of retrieving an image
from a source, with the help of any hardware’s like
cameras, sensors, etc. Here, the blood image
sample databases are collected from various
sources and real time blood samples are taken for
processing. (1). Color Conversion: The need for
converting color image into grayscale image is that
it reduces computational requirements, simplifies
the algorithm (i.e., reduce code complexity: from
3D pixel value to 1D value), noise reduction and
for easier visualization.
particular information, these gray images are
suitable for all image processing techniques (2).
The grayscale image looks like gray image,
because it has shades of gray in between and it is
different from one-bit black and white images.
The contrast ranges from weakest intensity
(black) to strongest intensity level (white) (3).
Median Filtering: It is one of nonlinear filtering
technique to reject noise from an image and it is
used widely in digital image processing. This filter
works by sliding the filter window pixel by pixel
over entire image, in order to replace each pixel
value with the median value of neighboring pixels.
Thresholding operation is also done in median
filtering. It preserves edges during removal of
noise. GLCM - Gray Level Co-Occurrence Matrix:
Feature extraction is needed to take required
datafrom animage. Example, the texture analysis
is used to collect characteristics of textures and for

In order to collect

segmentation of objects. GLCM is one of its kind
and here it is formulated to obtain only four
second order features namely
correlation, homogeneity, energy by using
corresponding function (4). For motion picture
estimation, these features give high accuracy. The

various set of texture information are being

contrast,

generated by each feature relationship based on
grayscale, kernel size and direction. Each feature
properties and corresponding relationship are
discussed below. Correlation: The correlation
calculates the linear dependency of gray levels in
an image between its pixel and neighboring pixel.
The correlation ranges from 1 to -1 and its value
is NaN for constant image. The equation of
correlation is given below:

N-1

X 3= gl j—= L)
Correlation="" B A ) [1]
— o
i,7=0
A1
-1 ~ =S
J2=Z%-l,x—;z)2’u !_:T_-bzu
i.y=0 ) (2]



Chairman et al.,

Where i and j denotes row number and column
number of the pixel matrix; Pij denotes elements i,
j of the GLCM; p- Mean of GLCM; N- Number of gray
levels in image; o2- intensity variance of all
reference pixels. Contrast: The contrast calculates
the certain amount of local variations present in
image between its pixel and neighboring pixel. It
gives the average gray level difference between
neighboring pixels and its range= (0, 1). The
equation of contrast is:
Clontrast = J{L::Py-(i —j )2

ij=0 [3]
Energy: The energy establishes the spatial
ordering of a picture and, utilising texture,
provides the GLCM sum of square elements. It
worth is high if the window is expertly structured.
The square root of the textural character of the
ASM (Angular Second Moment) is all that the
energy is. Energy has a value of 1 for constant
images and ranges from 0 to 1. The energy
equation is:

-1 =

Energy = > |1.D,J )
i7=0

(4]

Homogeneity: The homogeneity determines how
tightly the elements are distributed in the GLCM
diagonal to the GLCM. Homogeneity has a value of

1 for diagonal GLCM and ranges from 0 to 1.

Homogeneity weight values are the polar
opposite of contrast weight values. The
homogeneity weight value for contrast is (i-j)%, and
it is 1/1+(i-j)2. Below is presented the
homogeneity equation [5] as below:
INAZENILY = _—

i 70 1+ -4

Adaptive Histogram Equalization (AHE): The
global contrast of images is increased by AHE. The
equal distribution of intensities on the histogram
done by adjusting the AHE. Histogram
equalization allows to gain a higher contrast for
lower local contrast areas. This can bedone by
using a certain transformation function (5), which

is

stretches out the range of the most prevalent
intensity values.

Consequently, it improves the definition of edges
in each area of a picture (6). AHE has possibility to
amplifythe noise level which ranges from certain
decibels, during that time we use contrast
limited AHE (CLAHE).
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FPGA based VLSI Approach for Blood Group
and Hb-anemic Detection: Data Collection- The
GLCM statistical parameter values (correlation,
contrasthomogeneity, and energy) after MATLAB
process are collected and stored as MATLAB file.
This file is then converted to array text file. This
array file with code is then fed to Spartan 6 Kit
for further processing. VHDL Data Input Process
in Spartan 6 Hardware and Result Analysis: Here,
we use a more classy type of chip called FPGA
Spartan board (7). A hardware chip includes
several circuit blocks. Each circuit block is
comparable to a PAL or PLA. This Development kit
is used as evaluation platform for training, testing
and developing designs based on the user
requirement (8). Analysis module consists of
digital logic designed architecture made up of flip
flops, Look up Table (LUT) (9) and gates etc which
called Stump Boosted Regression Model (SBRM).
This model compares the training and testing
values of the parameters generated from the
preprocessed data sample to classify blood groups
and Hb-anemic detection using boosted decision
stump which is created on the basis of base and
weak learners. SBRM algorithm acts as an
adjustable suggestion maker. Utilizing a VLSI
system, the concept's functionality is realized. A
decision stump is a type of machine learning
model that consists of a single-level decision tree.
Basedon the value of a single input property, it
generates a forecast. The stump contains one leaf
for each conceivable feature value for nominal
features and two leaves for below and above
threshold values for continuous features. Decision
stumbling blocks are employed in machine
learning algorithms as constituents (called "weak
learners" or "base learners"). The Hb-anemic level
of a blood sampleis estimated based on the closest
match with WHOs HCS (10). Using GLCM features,
the threshold values are determined using
correlation which shows the equivalent intensity
level of RBCs (11) and it is compared with HCS to
find out the Hb level in order to detect anemia
(12). After analysis, the processed output is
viewed using Altera design software which is
configured with FPGA kit during data processing.
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Figure 1: Block diagram of Proposed System

Results and Discussion

Agglutinated blood sample datasets
were  collected from  Kaggle website
(http://www.kaggle.com/). The agglutinated
real time samples were collected from M/S
Anderson Lab andDiagnosis Centre, Tambaram
sanitorium, Tamil Nadu.We have collected 56
datasets and 8 real time samples. Figure 2(a)
and Figure 2(b) shows the blood image
databaseand real time samples respectively.
During slide testing,the three drops of blood are
taken and antigens mixed withA, B and D by
placing them serially and it is left for fewminutes
in order to take place agglutination process.After
that, snapshot of this image is taken for
furtherprocessing. The Figure 3 shows the gray
scale image which is the result of converted of
true RGB color image togray image. This gray
image is used for further imageprocesses in
order to enhance or collect some of thefeatures
of an image like GLCM etc. These images have
shades of gray in between. We infer that due to
AHE, thedifference between pixels is greatly
equalized. Thestatistical features of image were
improved as a result of enhanced image quality.
Figure 4 shows the median filteredimage. This
filter is used to remove impulsive, salt-and-
pepper and random noise in the image. Here, the
edges getpreserved during the removal of noise
and the images getsmoothed than a gray scale
image and so it prevents theloss of statistical
data.
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Figure 2(a): Input blood database sample
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Figure 2(b): Input real time blood sample

Figure 3: Gray scale image of Fig 2(b)

Figure 4: Median filtered image of Fig 2(b)

Figure 5 shows the GLCM feature extraction
graph which represents the statistical values
like contrast (p), Correlation (o), energy (q)
andhomogeneity(r) in X-axis with respect to
the probability value (range from 0 to 1) of
pixel levelin Y-axis. These statistical values are
used in the classification of blood group and
Hb-anemic detection. Figure 6 represents the
processed real time input image in MATLAB.
The agglutinated input test sample is processed
and separated as A, B category and polarity (+/-
). If the separated A, B image is in plain dark
color, then it is an O category not A or B and if
polarity image is in plain dark color, then it is
negative, otherwise itis positive. But here, the
processed image clearly shows that both A and
B do not have plain dark color, so it is decided
as AB category and polarity not have plain dark
color, so it indicates positive. Therefore, the
input sample belongs to AB + ve group and
similar process is followed for other datasets to
identify the blood group from the separated
images. The Figure 7 shows the FPGA Spartan
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6 hardware snapshot. The collected data from
MATLAB were accessed and feed as array file to
FPGA hardware. The Figure 6 shows the
classification of blood group of Figure 2(b) in
FPGA based system.
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Figure 5: GLCM feature extraction of Fig 2(b)

A Catagory B Catagory Polarity +/-

Figure 6: Processed input image of Fig 2(b)

Input Test Sample

Figure 7: FPGA Spartan 6 hardware snapshot

SBRA compares the training and testing values of
theparameters generated from the preprocessed
data to classify the blood group and Hb-anemic
level detection. The Altera design software is
configured with FPGA hardware kit in order to
display our detection result. Here, we got AB +ve
blood group type as result for given input real time
test sample which is same as the inferred result
from the anemic detection of Figure 2(b).
Normally, the hemoglobin level ranges from 6 to
14. The RBCs count of a blood sample is used to
identify the Hb level. Our proposed system does
not indicate the exact Hb level which rangesfrom
6 to 14, because the RBC’s count is unable to find
it accurately. But the GLCM statistical feature
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(correlation) provides equivalent RBC’s intensity
level. Hence, this intensity level is used to identify
whether the respective blood sample has anemic
disease or not. Here, the Hb-anemic prediction is
classified into three categories as Low, Medium
and High based on the WHOs HCS. ‘Low’ indicates
the Hb level as below 9 which shows that the
person has severe anemia.‘Medium’ indicates the
Hb level as between 9 to 11 which shows that the
person has Moderate anemia. Similarly, ‘High’
indicates the Hb level as between 11 and 14 which
shows that the person have not anemia. Here, the
Altera software displays the Hb-anemic prediction
as ‘Medium’, so it clearly states that AB +ve blood
group person has moderate anemia. Similarly, we
processed other datasets to detect and display the
blood group and Hb-anemic level in this hardware
model in the same manner as stated above with
optimal accuracy. Weinfer that this FPGA based
system collect data and predicts the result
correctly as same as when we tested in
laboratory, so the time consumption is greatly
reduced as compared to manual testing process.
The performance metrics of proposed system
were calculated as below:

Accuracy = (TP+TN) / (FN+TP+FP+TN) [6]
Sensitivity = (TP) / (FN+TP) [7]
Specificity = (TN) / (FP+TN) [8]

Where FN is False Negative, TP is True Positive, FP
is False Positive and TN is True Negative. Hence
the accuracy, sensitivity and specificity have been
calculated as 0.9531 (95.31%), which are all same
and also far comparable to those mentioned the
device utilization report shown in Table 1 provides
the detailed information with respect to the
architectural performances of the module
illustrated. Among the family of FPGA boards, the
Spartan 6 is used for verification and validation of
the design. The environmental characteristics of
the device are stated according to the board
This report represents the
summary of slice logic utilization. The proposed

specifications.

design power consumption is optimum which
exposes the design's performance and so it became
an energy efficient system. Thus, the proposed
design’s performance analysis is greatly analyzed.
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Table 1: Device Utilization Summary

Vol 5 | Issue 2

Slice LogicUtilization Used Available Utilization
The quantityof slice registers 79 54,576 1%
Utilization of flip-flops 79
Utilization oflatches 0
Numbers employed inlogics of AND and OR 0
Logic numberfor the number of slice LUTs 102 27,266 1%
Number onlyutilizing the 06 output 96 27,288 1%
Number onlyutilizing the 05 output 75
Utilizing the numbers 05 9
Utilizing thenumbers 06 12
Conclusion
In this research, we proposed an efficient FPGA Ethics Approval
based system for detecting blood group and Hb- . .
) ) The research does not involve human participants.
anemic level. The test results show optimal
accuracy, improved performance, reliability and Funding
less error rate by implementing required solution No
methodology. Here, no one needs to buy an References
additional device for testing. Thereby, a cost- 1. Khaleduzzaman K, Mahmud MH, Debnath T, Sarker

saving detection strategy has been possible. The
new approach of Hb-anemic detection process by
comparing with WHOs HCS is inspired by manual
HCS lab method. By using FPGA based approach,
this system can able to process large number of
data samples and determine the outputs in short
duration of time without any human errors and
also the trained technician is not required for
conduction of the test. Hence, our proposed
system helps to create a hardware system
environment to determine both the test in one
single system and it also helps to design portable
electronic device for self-test. So, it greatly reduces
the number of clinical visits for simple diagnostic
tests. Thus, by considering the above mentioned
features and advantages, we can develop a highly
effective system which gives better quality for
health service.
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