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Abstract— The number of cancer patients in Thailand is
increasing every year. During the cancer treatment process,
patients might need to go to the hospital often, causing time
consumption and the risk of getting germs. Instead of going to
the hospital for blood tests, patients could have a blood test at
any available blood test lab near their accommodation and send
it to the nurse or medical staff. This paper presents an OCR
application to collect blood test results from patients where the
medical staff could use this information for cancer care plans.
From experimental results, the proposed application provided
81.5% accuracy.

I. INTRODUCTION

The number of healthcare workers involved in treating cancer
patients in Thailand may still have a small ratio compared to
the number of cancer patients. Thailand's population of 68
million is served by 927 government hospitals and 363 private
hospitals [1]. However, access to medical care in rural areas
still lags far behind that in the cities. There are 108 hospitals
specifically for cancer patients nationwide, and they are not
located in rural areas, causing patients to travel to the
provinces for treatment. For cancer patients to receive
treatment, they must have blood test results from their local
lab/clinic/hospital before traveling to the cancer hospital in
the cities so that medical staff can analyze the body's
readiness and whether the patients' conditions can be treated
according to the cancer treatment program. If the patients'
criteria do not pass the requirements, they cannot get the
treatment, and they must make an appointment to perform a
blood test again after a specific time. The patients will have to
come to the hospital several times. This can make traveling
inconvenient for cancer patients who live in rural areas.

Therefore, the researchers developed a blood test reading
system by applying OCR. To help patients submit blood test
results from local hospitals near the residence to be submitted
to doctors or caregiver nurses to check and make assessments
for making an appointment when the blood test results meet
the criteria, thus preventing patients from having to travel to
the hospitals treated for cancer patients. The researchers
studied OCR and image preprocessing to prepare the image of
the blood test results with good quality for extracting blood
test result data. Overview of the application, the patient/user
agrees to the consent form, selects the blood test results image,
and then uploads images to the storage. The image taken must
not blur and have a good lighting condition. The image will
not be uploaded if it does not meet the quality requirements of
the application, and the application will alert and ask the
patient/user to choose a new image to upload. The researchers
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study OCR tools to choose the suitable OCR to extract blood
test results information. The OCR extracts text from the
image, which is information about the blood test result,
including the name of the test, result value, unit of result
value, and reference range of the result value. Then analyze
whether the test result is normal or relative to the reference
criteria, and the severity of the symptoms was assessed
according to the criteria of CTCAE Version 5.0 (Common
Terminology Criteria for Adverse Events Version 5.0) [2].
This paper focuses on selecting an OCR algorithm for the
cancer care mobile application.

II. RELATED WORKS

We designed a mobile application for reviewing patients'
blood test results using OCR (Optical Character Recognition)
to reduce the cause of traveling and time consumption. The
application extracted information from the image of blood test
results. OCR technology is used to convert virtually images
containing text information into computer digitally encoded
text. During the Covid-19 pandemic, OCR was applied to
generate a medical report from handwriting documents [3].
OCR has played a role in reducing medical waste, which is
the medicine that has been thrown away because it does not
contain readable information on the medicine packages [4].
Moreover, to help patients understand their prescribed
medicines before purchasing them, OCR was applied to read
the doctor's handwriting in the medical prescription, then
display the result, which is the name of the medicine, to the
patients [5]. In [6], OCR is used to extract information from
hard copy test reports and then predict the name of the
diseases using with Bag of Words (BoW) model as feature
selection algorithm, Naive Bayes as classification algorithm,
and AdaBoost technique to enhance the performance of the
Naive Bayes classifier [6].

III. BLOOD TEST RESULTS

Patients can take blood tests in a doctor's office, clinic, lab,
or hospital located near their accommodations. The blood test
result shows the value, unit, and reference range as shown in
Fig. 1. For cancer care and treatment plan, medical staff,
usually focus on 14 values of blood test results, including
white blood cell, red blood cell, hemoglobin, platelet count,
lymphocyte count, neutrophil count, creatinine, aspartate
aminotransferase, alanine  aminotransferase,  alkaline
phosphatase, blood bilirubin, hematocrit, absolute neutrophil,
and serum creatinine.
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Fig. 1 Example of blood test results.

IV. METHODOLOGY

A.  System Overview

Before using the application, the patients/user must agree
on the consent form to allow the application to collect the
blood test results images captured from their smartphone.
After the user selects the input image, the application starts to
process by checking image quality, sending image data to the
data storage, and performing image preprocessing. Then the
OCR tool performs to extract information from the image and
uses that information to analyze the patient's condition
according to CTCAE Version 5 [2]. The overall system is
shown in Fig2.

While capturing images using a smartphone, some factors
might cause the image blur, such as camera movement,
subject movement, and missed focus. Blur images might
reduce the performance of the OCR algorithm in the
extraction of blood test results. To check the quality of the
image, we calculate the variance of Laplacian of all pixels of
the image and determine whether the test image passes the
image quality test by using the blurriness score [7]; if the
blurriness scores are less than 50, that image is not passed the
checking process.

The image that passes the quality check will be sent to the
data storage to prepares image preprocessing. The image
preprocessing step prepared the image for the OCR algorithm.
In the preprocessing, image segmentation is used to select the
area that contains text information about test results using
blob detection, then aligns the image and to transform it into a
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Fig.3 Output of the image preprocessing; a) original image,
b) result of image segmentation and registration, ¢) binary image

binary image. An example of the output of image
preprocessing is shown in Fig3.

Next, the OCR algorithm will perform to extract the test
results for each line and collect data according to the 14
criteria along with the value, unit, and the reference range.
The final step is to analyze whether the information is in the
correct form and unit.
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B.  OCR Tools

To extract the blood test result from the captured image, we
studied three open-source OCR tools; Keras-OCR, EasyOCR,
and Tesseract-OCR.

Keras-OCR has been applied to detect medicine
information from blister packages to help pharmacies reduce
the error that leads to patients receiving the wrong medicine
[8]. In this work, we use the pre-trained mode, which is a
CRNN model [9].

EasyOCR is an open-source, Ready-to-use OCR, one of the
most widely used OCRs. The pre-trained recognition model is
CRNN [10]. EasyOCR support more than 80 languages,
including Thai.

Tesseract-OCR is one of the most famous open-source
OCRs. Tesseract4 has implemented a Long Short Term
Memory (LSTM) based recognition engine, which is
RNNJ11-12]. Tesseract-OCR has been studied to develop a
system detecting invoice data [13].

V. EXPERIMENTAL RESULTS

In this work, we studied three pre-trained models, Keras-
OCR, EasyOCR, and Tesseract-OCR, to detect data from the
image of blood test results. The blood test results image is
segmented, aligned, and transformed into a binary image. The
OCR tools detect characters using the binary image as an
input image, and the output is the detected characters
separated by a line. Example of blood test results in the binary
image shown in Fig 4.
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Fig. 4 Binary image of blood test results

A.  Blood test results detection

To measure OCR tools' performance, we determine the
region of each word/value/range as a box, as shown in Fig 5.
The blood test result image contains information about the
test in four columns, including column Order, column Results,
column Unit, and column Reference range. There are 65
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Fig. 5 Box of word/value/range total 65 boxes.

boxes in the binary image, 20 boxes in the first column, and
15 in each remaining column.

Column Order is the test's name, containing upper case and
lower case letters and special letters. Column Result shows
the result value as a number, only the result of Color (UE) is
shown as letters. Column Unit shows the unit of the result. In
the last column, the Reference range shows the reference
value of the result, and only the Color (UE) shown as a list of
possible colors. If the OCR can correctly detect the characters
in the box, that box will be a correct detection. Note that the
special character "*" in this binary image is very small. If the
OCR does not detect this special character at the box located
in the first column and the remaining characters are correctly
detected, that box will be a correct detection. The results of
all three OCR tools, Keras-OCR, EasyOCR, and Tesseract-
OCR, are shown in Fig 6 a), b), and c), respectively.
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Fig. 6 Result of character detection in each box; a) Keras-OCR,
b) EasyOCR, and c) Tesseract-OCR

In Fig 6, a), b), and c), the detected characters are shown in
each boxes. The box filled with red is a false detection box,
meaning that at least one character in the boxes is incorrectly
detected. The total number of correct detection box are shown
in Table 1.

From Tablel, Tesseract-OCR achieved the highest
accuracy in all columns and provided 81.5% accuracy. Keras-
OCR and EasyOCR both provided 49.2% of accuracy.

condition of the patients according to the CTCAE Version
5.0.
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