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Abstract—The high prevalence of tuberculosis (TB) in Indonesia puts 
Indonesia in the second-highest national TB prevalence in the world after India. 
This high prevalence can cause a failure to deliver medical treatments to TB 
patients, which is exacerbated by the disproportionate distribution of doctors in 
Indonesia. To address this issue, an artificial intelligence (AI) system is necessary 
to help doctors in screening a large number of patients in a short time. However, 
to develop a robust AI for this purpose, we need a large dataset. This study aims to 
develop a database system for storing TB sputum sample images, which can be 
used as the dataset to train an AI system for TB detection. The developed system 
can help doctors and health workers to manage the images during their daily job.
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1	 Introduction

Tuberculosis (TB) cases in Indonesia occupy the second-highest incident in the 
world after India. Based on WHO in 2019, the estimation of TB patients in the Indo-
nesian population was 845 thousand as the best estimate and estimated interval of 770 
to 923 thousand. According to the Tuberculosis Report, Indonesia is one of 30 nations 
having a High Burden of Tuberculosis (HBC) in terms of global TB incidence [1]. As a 
result, tuberculosis (TB) has become a significant public health problem in Indonesia. 
The Indonesian Ministry of Health highlighted the problem by reporting a reduction 
in the rate of TB recovery with successful treatment every year, especially from 2008 
to 2017 [2]. One of the main factors affecting the high TB cases in the Indonesian 
population is the country’s unequal access to infrastructure. Furthermore, in Indonesia, 
patients’ unwillingness to check for tuberculosis symptoms and the waiting list for a 
diagnosis from a few lung specialists are crucial issues. Indonesia’s vast geographical 
area and the distribution of doctors and pulmonary specialists are not proportional to 
the population. Consequently, to reduce TB illness incidence and early detection, more 
facilities and infrastructure are required, including the use of advanced technology, 
such as an artificial intelligence system [3].
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In the health industry, artificial intelligence is rapidly improving in terms of 
recognizing and detecting diseases. Medical photographs on x-ray or rongent [4]–[6], 
endoscopy [7], [8], ECG [9], and sample preparations from the patient’s body [10]–[12] 
have all been used to develop and study disease recognition through medical diag-
nostic images. Along with the photo of a sputum sample preparation in patients with 
suspected TB, the Artificial Intelligence (AI) system can assist medical workers, par-
ticularly doctors, in the screening and early diagnosis of tuberculosis. However, a large 
amount of data is required to test and measure the accuracy of the artificial intelligence 
system. At least thousands of data samples are required for high accuracy when using 
artificial intelligence systems [13], [14]. Otherwise, the system’s application can be 
employed conveniently by doctors in the form of applications. A database application 
is required to gather and store images of sputum samples in TB patients before advanc-
ing on to the development stage of the TB screening application. Due to the laborious 
work needed to manage the images manually, it is necessary to develop a database sys-
tem that can help doctors and health workers with image file management. Therefore, 
we developed a database system that is aimed to store sputum sample images of TB 
patients. The application is developed using Laravel by implementing the concept of 
Create Update Delete (CRUD), which enables a quick and easy process of image file 
management [5], [15], [16].

2	 Previous studies

A standardized system for recording and reporting TB patient data from diagnosis 
to treatment outcome was implemented by the World Health Organization (WHO) in 
the mid-1990s [17]. WHO DOTS (directly observed treatment, short-course) strat-
egy, as well as its successor, the Stop TB Strategy [18], includes this information 
system, which contains geographic, administrative, and quality control details. The 
WHO-recommended reporting system was being used in 90% of nations by the mid-
2000s, so virtually all TB cases were documented and reported there. This system has 
allowed TB data to be compared across thousands of treatment facilities around the 
world. Although it requires a significant amount of data to collect and report data about 
TB symptoms and diagnosis, this process remains a costly data-intensive process. A 
patient must maintain a few times a week (sometimes daily) regimen of taking anti-TB 
medicines. The duration of treatment can last several months (or even years). Appli-
cations utilize database servers to provide data to users without the need for users to 
access database tables or queries even if they have direct access to the data files. Report-
ing and recording systems made for the web require both types of servers. With proper 
configuration and professional management, servers can provide a secure foundation 
for running information systems used by thousands of people at once [19].

Not only for TB but database systems are also utilized in many cases in the health 
sector. For instance, it serves as the backend system of mobile learning applications 
to learn early cancer detection [20], [21], health education [22], and child growth 
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monitoring [23]. In particular, for early cancer detection learning, the database system 
has been proved to be useful for the end-users [24]. With a similar purpose to our 
study, Cenggoro and Pardamean have developed a database system to collect pap smear 
images as AI training data [25].

Meanwhile, for AI to diagnose tuberculosis, various methods have been used, 
including the use of blood tests, skin tests, interferon-gamma release assays, fluores-
cent microscopy, culturing bacteria, polymerase chain reaction, GeneXpert test, nucleic 
acid amplification, chest X-ray, and sputum smear test [26]. Conventional methods 
take a long time and are less accurate, so they require the support of Artificial Intelli-
gence (AI) technology to overcome them [27]. With the increasing speed of computing 
technology, it is possible to identify abnormalities caused by tuberculosis from chest 
x-rays (CXRs) images using AI called Computer-Aided Detection (CAD). However, 
most CAD studies tended to develop rather than clinical evaluations [28].

AI can identify tuberculosis using machine learning (ML) or deep learning (DL) 
[29]. ML uses an algorithm that does not depend on human decisions to analyze domi-
nant variables [30]. While DL models the brain architecture that can learn more precise 
data representations as the data used increases [31]. Many studies have found algo-
rithms that strive to improve the accuracy of TB detection results even with all their 
limitations.

The two-stage classification method (TSCM) using a convolutional neural network 
(CNN) with transfer learning can detect TB with an accuracy of 98% [32]. A study in 
Pakistan using an artificial neural network (ANN) approach can detect TB with 94% 
accuracy [33].

3	 System design

We used diagrams from unified modeling language (UML) to design the TBC image 
recording system and an entity-relationship diagram to design the database. Subsections 
3.1, 3.2, 3.3, and 3.4 of the documents elaborate on the use case, class, activity, and 
entity-relationship diagram of the system.

3.1	 Use case diagram

In Figure 1, the four development use cases are illustrated: Show Image Data, Upload 
Image Data, Delete Image Data, and Edit Image Data. Each use case for the system is 
represented by a web page of the system since the system is developed as a web appli-
cation. Specifically, the Uploaders are the only members of the system who are able to 
access these four use cases to provide annotations of the TBC images.
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Fig. 1. Use case diagram

3.2	 Class diagram

Figure 2 illustrates the class diagram for the system design. The class diagram for 
this TB information system has four instances, namely TB images, detailed information 
from images, image storage hospital information, and uploading TB image data. There 
is also a relation for each class that shows that one instance is connected to another 
instance. Each TB picture can be obtained from various hospitals, and vice versa, each 
hospital has many TB samples. Therefore, the relationship can be interpreted as many 
to many. Then each picture of TBC has different detailed information, so the relation-
ship can be interpreted as many to one. while uploading images can be operated only 
once for several images, so the relationship can be interpreted as one to many.
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Fig. 2. Class diagram

3.3	 Activity diagram

This activity diagram is divided into three diagrams for a more concise explana-
tion. Each diagram describes the logical flow of the Upload Image Data, Edit Image 
Data, and Delete Image Data use cases. They are illustrated in Figures 3a, 3b, and 3c. 
According to Figure 3a, the uploading of images starts the flow of the Upload Image 
Data phase.

The main page displays all the recorded images available in the system. An uploader 
is encouraged to upload TBC images and provide information on the data of the images 
whose sample is captured. In the process of uploading images and entering data, the 
images and data are stored in the database, and the system is redirected to the home 
page afterward.

Upon selecting the image to edit, the uploader can view the edit page. An uploader 
can manage images by selecting one, uploading new images, deleting old images, and 
editing image data. Before the user is redirected to the main page, any updates to images 
or information data will be saved to the database.

In order to delete an image, the uploader must click the delete button next to the 
image. After this process is complete, the image is deleted from the database, and the 
system is redirected to the main page.
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(a) (b)

(c)

Fig. 3. Activity diagram

3.4	 Entity-relationship diagram

The developed system uses four tables: TBC image data, image location, image 
uploader user data, and TBC image album. The TB image table is used to store uploaded 
TB images. While the location table is used to store images of the TB sample results. 
All collections of images are grouped into album tables. And the picture of TBC itself is 
a table containing each ID of the three related tables, namely album ID, location ID, and 
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user/member ID. As depicted in Figure 4, one album, one location, and one user can 
have zero or more images, whereas a single image must have one and only one album, 
location, and uploading user.

Fig. 4. Entity-relationship diagram

4	 Implementation results

When the application runs for the first time, the display in the browser shows a 
display as shown in Figure 5. In that view, there is an “Upload Project Image” button 
with a camera icon that serves to open a page to upload a photo image of a TB sputum 
sample which will be entered into the database. When the button is pressed, a page is 
displayed as shown in Figure 6.

Fig. 5. Main page
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Fig. 6. List of images page (blank)

Opening the advanced page from the “Upload Project Image” option in the applica-
tion and then pressing the “Input New Image Sample” button will open the file upload 
page that is displayed in Figure 7. On this page, we can fill in the information of the 
name, the detailed information of the sputum sample, and upload the image of the spu-
tum sample. When the “Browse” button is pressed on the page, a window for selecting 
still images is displayed as shown in Figure 8. When the image has been selected, the 
data can be saved in the system by clicking the “Submit” button.

Fig. 7. Upload image page

Fig. 8. Image selection window
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After pressing the submit button, the file upload results page is displayed as seen in 
Figure 9. The uploaded results can be deleted via the red Erase button. After the dele-
tion process, a notification will appear as displayed in Figure 10. The data can also be 
edited by clicking the dark blue Edit button. The edit page that appears after clicking 
Edit has the same display as in Figure 7. Similar to the deletion process, a notification 
also appears after the editing process, as displayed in Figure 11.

Fig. 9. List of images page after image uploading

Fig. 10. List of images page after deletion

Fig. 11. List of images page after data editing
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5	 Conclusion

In this paper, the development process for a database system for storing TB spu-
tum sample images is presented. This system allows doctors and health workers to 
efficiently manage the images of TB sputum samples, which in effect creates a large 
dataset that can be used to train AI system to speed up the diagnostic process of TB. 
The future study following this study can use the training data stored in this system to 
train a robust AI.
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