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Abstract

The difficulty in accurately identifying drug information from packaging, especially for the elderly or when
the packaging is damaged, poses significant health risks due to potential misuse. This research addresses
this challenge by developing a comprehensive, mobile-based solution. We introduce an Android application
that implements a multi- layered approach: (1) on-device Optical Character Recognition (OCR) using
Google's ML Kit for fast text extraction,(2) the Jaro-Winkler algorithm to correct and enhance the accuracy
of imperfect OCR results, (3) a curated database of 300 common Indonesian drugs, and (4) an innovative
chatbot powered by a Large Language Model (LLM) to provide interactive and reliable drug information.
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The system was evaluated through a series of comprehensive tests. The results demonstrate high functional
stability and a robust Top-5 identification accuracy of 96% across 150 test cases, maintaining 98% accuracy
in low-light conditions and 90% on damaged packaging. Furthermore, the application achieved a "Good"
usability score of 78.67 from the System Usability Scale (SUS) and received high-to- very-high validity
ratings for its content from pharmaceutical experts. This study validates the effectiveness of combining
OCR with advanced text matching and a controlled LLM to create a reliable and user-friendly public health
tool.
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1. Introduction

The rapid advancement of digital technology has permeated various sectors, including healthcare, where
mobile applications offer unprecedented support for daily activities. One critical area is access to
medication information. Many individuals, particularly the elderly or those with visual impairments, face
challenges in reading the small text on drug packaging. This issue is exacerbated when packaging is
damaged, torn, or faded, making crucial information like the drug's name or dosage illegible. For instance,
"Methylprednisolone" might be misread as "pred solone," leading to confusion and potentially hazardous
medication errors. This creates an urgent need for a technological solution that can accurately interpret text
from imperfect images.

Optical Character Recognition (OCR) technology presents a primary solution, enabling the digital
extraction of text from images. However, OCR systems are not infallible and often produce minor errors, such
as misspellings or missing characters. To address this, our research leverages the Jaro-Winkler algorithm, a
string matching method highly effective for correcting errors in short strings like drug names Tresna et al.
(2025).

While previous studies have explored OCR for medical reports Bhat et al. (2024) or used Jaro-Winkler for
text correction Harahap et al. (2024) , a holistic solution remains a significant research gap. Many systems
stop at identification and fail to provide detailed, trustworthy information interactively. This research fills
this gap by developing a mobile application with a unique hybrid architecture. It combines fast, offline, on-
device OCR (Google ML Kit) and Jaro-Winkler correction with an online, LLM-powered chatbot. The
chatbot's knowledge is strictly limited to a curated database of 300 Indonesian drugs, preventing
misinformation and ensuring reliable user support.

1.1 Objectives

The primary objective of this research is to develop and evaluate a functional mobile application that
automatically identifies drug information from packaging images. This involves implementing OCR for text
extraction, applying the Jaro-Winkler algorithm to enhance matching precision, and integrating an LLM-
based chatbot for interactive information delivery. The system's performance will be rigorously measured
through accuracy, usability, and expert validation tests to ensure it is an effective and reliable tool for users.

2. Literature Review

The development of this application is grounded in several key technological areas that require a
comprehensive review. This review is structured around the core components of the system: Optical
Character Recognition (OCR), advanced text-matching algorithms, and the integration of Large Language
Models (LLMs) in a mobile health context.

The application of OCR in healthcare is well-documented, primarily for its ability to digitize information and
automate data entry, thereby enhancing operational efficiency Andi Zulhijar et al. (2024). Research by Bhat
et al. (2024) further demonstrates this by using OCR to extract data from medical lab reports for disease
prediction. However, the inherent limitations of OCR, where accuracy is highly dependent on image quality,
necessitate supplementary technologies Holila et al. (2024). Our research directly addresses this challenge
by not relying solely on raw OCR output.
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To overcome OCR inaccuracies, text correction and matching algorithms are crucial. The Jaro-Winkler
algorithm is particularly well-suited for this task due to its proficiency in handling short strings and common
typographical errors, a fact substantiated by multiple studies in contexts of error correction Harahap et al.
(2024); Tresna et al. (2025). This makes it an ideal choice for identifying drug names, which are often short,
specific, and prone to partial recognition.

Previous research on drug identification systems has explored various approaches. Some have focused on
specific user groups, such as developing tools for the visually impaired using cloud-based OCR and text-to-
speech APIs Mangundap et al. (2022). Others have concentrated on classification tasks, such as organizing
drugs based on their therapeutic class using a combination of OCR and Convolutional Neural Networks
(CNN) (Munadhif et al., 2024), or comparing the performance of algorithms like K-Nearest Neighbors
(KNN) for drug type classification (Aldi et al., 2022). While these studies are valuable, they often tackle a
single aspect of the problem.

A significant gap exists in providing a holistic solution that not only identifies a drug but also delivers
detailed, reliable information in an interactive and user-friendly manner. The emergence of Large Language
Models (LLMs) offers a paradigm shift in human-computer interaction, with their ability to understand
complex instructions and learn in- context (Zhao et al., 2023). However, LLMs also present challenges like
information hallucination and bias. Our work

addresses this by implementing a controlled Retrieval-Augmented Generation (RAG) architecture. This
approach, combined with a robust mobile development framework using Kotlin and Jetpack Compose
(AryaRafa et al., 2024; Suartana, 2025), and a scalable backend like Cloud Firestore (Handoyo et al., 2022),
creates an integrated system. By validating the final product through rigorous testing methods, including
Black Box testing (Febriyanti et al., 2021), System Usability Scale (SUS) (Deshmukh and Chalmeta, 2024),
and expert validation with Aiken's V (Utami et al., 2024), this research offers a comprehensive and
trustworthy user experience that advances the state of mobile health applications.

3. Methods

This research utilized the Waterfall software development methodology due to its systematic and sequential
approach, which is well-suited for projects with clearly defined requirements. The process involved
sequential phases of analysis, design, development, and comprehensive testing before deployment.

The system is designed with a three-tier architecture: a client application (Android), a backend service
(Google Firebase), and an external LLM service, as visualized in Figure 1. The client, built with Kotlin,
handles on-device OCR and Jaro-Winkler matching. The backend uses Cloud Firestore as a database for
300 curated drugs and a Cloud Function as an intermediary to the LLM.

3.1 Evaluation Protocol
To wvalidate the application's effectiveness, a multi-faceted evaluation protocol was implemented,
comprising five distinct testing methods:

e Functional Testing: This was conducted using the Black Box method. A total of 20 test cases
covering all core functionalities were executed to verify that the application operates as designed
without critical errors.

e  Accuracy Testing: The system's identification capability was quantitatively measured using a Top-
5 Accuracy metric. This involved 150 test cases performed on 50 different drugs under three
challenging conditions: ideal lighting, low light, and simulated packaging damage.

e Expert Validation: To assess content reliability, seven professional pharmacists evaluated the
accuracy and clarity of the drug information. The feedback was gathered via a structured
questionnaire and analyzed using the Aiken's V content validity index.

e Usability Testing: User satisfaction and ease of use were measured by administering the System
Usability Scale (SUS) questionnaire to 66 general users, resulting in a quantitative usability score.

e Performance Testing: The application's efficiency was analyzed using the Android Studio Profiler.
This involved monitoring and recording CPU usage, RAM consumption, and battery drain during
key operational scenarios.
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4. Data Collection
The data used in this study consisted of two main components: the drug information that populates the
application's database and the image dataset used for testing the system's accuracy.

4.1 Drug Information Dataset
The primary dataset is a curated database containing detailed information on
e 300 types of medicine commonly found in Indonesia, prescription drugs, over-the-counter, and
limited over- the-counter drugs. The data was collected through a meticulous literature and
document study, sourcing information from credible and official references, including Badan
Pengawas Obat dan Makanan (BPOM), reputable digital health platforms such as Halodoc,Apotek
K-24, and the "Informasi Spesialite Obat (ISO) Indonesia 2021" pharmacy reference book. To
ensure data quality, each entry was cross-verified between sources, and the final, validated dataset
was structured for import into the Cloud Firestore database.
e Test Image Dataset
For the accuracy evaluation, a separate dataset of digital images was collected. This dataset
comprised images of both primary (blister packs/strips) and secondary (boxes) drug packaging. The
images were captured under three distinct, controlled conditions to simulate real-world usage
scenarios: (1) ideal, well-lit conditions; (2) low-light conditions; and (3) physically damaged
packaging where the text was partially obscured or torn. This dataset formed the basis for the 150
test cases used in the accuracy testing phase.

5. Results and Discussion

This section presents the comprehensive evaluation of the developed mobile application. The results are
systematically organized into numerical findings, graphical representations, validation, and proposed
improvements. The overall findings confirm the application's functional stability, the effectiveness of the
identification method, the validity of its content from an expert perspective, and its high quality in non-
functional aspects. The Black Box testing resulted in a 100% pass rate across all 20 test cases, indicating
that the application is functionally stable. Compatibility testing confirmed that the application runs stably on
a range of Android versions (8, 12, and 14). Furthermore, performance metrics showed efficient resource
management, with a low baseline for idle states and acceptable resource peaks during intensive on-device
OCR processing. A dedicated battery test showed a consumption of only 5% over 18 minutes of intensive,
continuous OCR use, confirming its efficiency for typical short-term usage patterns. Each result will be
detailed and discussed in the following sub-sections..

5.1 Numerical Results
The core performance of the system was quantified through six distinct testing methods. The numerical data
validates the application's accuracy, usability, content reliability, functional stability, and performance.

System Accuracy The effectiveness of the identification method was the primary focus of the evaluation.
As shown in Table 1, the system achieved a high overall Top-5 accuracy of 96%. The system's robustness is
particularly evident in its performance under non-ideal conditions: it maintained 98% accuracy in low light
and a remarkable 90% accuracy on damaged packaging. This result is significant as it demonstrates the
practical value of the Jaro-Winkler algorithm in compensating for imperfect OCR outputs.

Table 1. System Accuracy Test Results Summary

No. Test Condition Total Tests Successes(7TOP 5) Accuracy(%)
1. Ideal Lighting 50 50 100%
2. Low Light 50 49 98%
3. Damaged Packaging 50 45 90%
Overall 150 144 96%

Usability The application's ease of use was measured using the System Usability Scale (SUS), a standardized
method for quantifying user satisfaction. The test involved 66 respondents from diverse backgrounds. As
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detailed in Table 2, the application achieved an average SUS score of 78.67. According to established
benchmarks, a score above 68 is considered above average. Therefore, this result places the application in
the "Good" category, providing strong quantitative evidence that the user interface is intuitive and the

overall user experience is positive even for users with varied technical literacy.

Table 2. System Usability Scale (SUS) Results

SUS Score Calculation Results Total

Respondent Kl | K2 | K3 [ K4 | K5 | K6 | K7 | K8 | K9 | K10 | Total Score
(x2.5)

R1 4 4 4 2 4 3 4 4 4 3 36 90,00
R2 4 3 4 3 3 2 3 4 4 3 33 82,50
R3 3 2 3 2 3 3 3 3 3 3 28 70,00
R4 4 4 4 4 4 4 4 4 4 4 40 100,00
R5 4 4 4 3 3 4 4 4 4 4 38 95,00
R6 4 4 4 3 3 4 3 3 4 3 35 87,50
R7 3 3 3 2 4 3 3 3 3 3 30 75,00
R8 4 3 4 2 3 4 4 4 4 4 36 90,00
R9 3 3 3 4 2 4 3 3 3 2 30 75,00
R10 4 3 3 3 3 4 4 4 4 4 36 90,00
RI11 3 2 4 2 3 2 4 2 4 3 29 72,50
RI12 3 2 3 3 3 3 3 2 3 3 28 72,50
R13 2 3 2 2 2 2 3 2 2 4 24 60,00
R14 3 3 3 3 3 2 3 3 2 3 28 70,00
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R62 4 4 3 3 3 3 4 4 3 4 35 87,50
R63 3 4 4 3 4 4 3 4 3 4 36 90,00
Ro4 3 4 4 4 4 3 3 4 4 3 36 90,00
R65 3 3 3 3 3 3 3 3 3 3 30 75,00
R66 3 3 3 3 4 3 4 4 3 3 33 82,50
Total Score 5192.50
Average score 78,6742
Average score = —Total Score =519250 = 78,6742
Total Respondents 66

Content Validity To ensure the reliability of the medical information presented, a content validation test was
conducted with seven pharmaceutical experts. The experts rated the accuracy, clarity, and completeness of
the drug information using a questionnaire. The results were statistically analyzed using the Aiken's V content
validity index, as summarized in Table 3. The analysis yielded scores ranging from 0.75 to 0.85 for all
questionnaire items. These scores fall into the "High" and "Very High" validity categories, confirming that
the application's content is considered accurate and trustworthy from a professional standpoint.

Table 3. Expert Content Validation (Aiken's V)

Question item V value Conclusion
K1 0.78 High validity
K2 0.82 Very high validity
K3 0.78 High validity
K4 0.75 High validity
K5 0.85 Very high validity
K6 0.75 High validity
K7 0.82 Very high validity
K8 0.85 Very high validity
K9 0.78 High validity
K10 0.85 Very high validity

5.2 Graphical Results
The system's architecture is graphically represented in Figure 1, illustrating the three-tier structure that
separates the client application, backend services, and the external LLM engine. This design ensures
modularity and scalability.

....................................

..............................

Figure 1.System architecture diagram
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Figure 2 provides a visual representation of the application's user interface flow. The workflow is designed to
be linear and intuitive, starting from the home screen (a), moving through the image scanning and cropping
process (b), and culminating in a clear results screen (c).

Hai, Sobat Apotek! 9 e

14.31 (D P | -

L=t . | ¢ Tanya Apoteker Al |
Pencarian -

i i ?
Ada yang bisa kami bantu? FLUCADEX KAPLET
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bt Kerag

a Pindai Kemasan Obat

ACRAN 300
Ohat Keras

E] vinat Daftar obat

BUFACORT-N CREAM
Obat Kers

E Tanya Apoteker BURNAZIN PLUS CREAM

Obat Keras

GHLORAMFEGORT GREAM
Keras

MOFACORT CREAM
Ot ke

SYNALTEN CREAM
Obat Kerag

Figure 2.Application user interface flow showing (a) Home screen,

(b) Scanning process, and cropping process (c) Search results screen

To better visualize the system's robustness, Figure 3 presents the accuracy results from Table 1 in a
graphical format. The bar chart clearly shows the system's high performance across all tested conditions.

System Accuracy Across Different Test Conditions

100%

Accuracy (%)
7

Ideal Lighting Low Light Damaged Packaging
Test Conditions

Figure 3.Bar chart of system accuracy across different test conditions

The following figures present the graphical results from the performance analysis conducted using the
Android Studio Profiler. As shown in Figure 4, when the application is in an idle state on the home screen
without user interaction, it demonstrates high efficiency. CPU usage remains minimal at approximately 0-
1%, and memory consumption is stable at around 256 MB, indicating no unnecessary background processes
are draining device resources.

Figure 4. Performance profile of the application in an idle state.
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Figure 5 captures the resource-intensive Scan OCR process. A distinct and expected peak in both CPU
usage (averaging ~15% with a momentary peak up to ~30%) and memory allocation (peaking at ~585 MB)
is visible. This spike corresponds to the on-device machine learning model execution. The resource usage is
temporary and returns to normal levels after the process completes, confirming it is an acceptable trade-off
for offline functionality.

Figure 5.Performance profile during the Scan OCR process

In contrast, Figure 6 shows the performance during a chatbot interaction. The resource footprint is minimal,
with a low CPU usage of ~2-5% and stable memory at ~285 MB. This result validates the backend-heavy
architecture, where the computationally expensive task of language model generation is offloaded from the
user's device, keeping the client application light and responsive.

Figure 6. Performance profile during chatbot interaction

Finally, Figure 7 illustrates the performance while navigating and scrolling through lists. The low and stable
resource usage, with CPU at ~1-3% and memory at ~350 MB, demonstrates efficient UI rendering and data
management, contributing to a smooth and responsive user experience during standard browsing activities.

Figure 7. Performance profile during UI navigation and scrolling
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5.3 Proposed Improvements
Based on the research findings and identified limitations, several improvements are proposed for future
development to enhance the application's capabilities and practical value:

e Database Expansion and Enrichment: The current database of 300 drugs, while sufficient for
validation, should be significantly expanded to include a more comprehensive range of
medications available in the market. This would not only increase the identification success rate
but also directly enhance the contextual relevance and accuracy of the chatbot's responses, a point
also highlighted by expert reviewers.

e Integration of Image Classification: To move beyond text-only identification, future versions could
integrate computer vision models to recognize the physical form of medications (e.g., tablets,
capsules). This would add a crucial layer of verification for users and address a key limitation of
the current system.

e Advanced OCR Pre-processing and Model Tuning: To improve accuracy on text with artistic fonts
or in extreme lighting conditions, advanced image pre-processing techniques (e.g., binarization,
noise reduction) could be implemented. Furthermore, fine-tuning the OCR model specifically on a
dataset of drug packaging could yield significant performance gains.

e Development of User-Centric Practical Features: Based on expert feedback, the application's utility
could be greatly enhanced by adding features that support daily medication management. This
includes functionalities such as a configurable medication reminder system or a barcode scanning
feature for faster and more accurate product lookup.

o Exploration of Collaborative Potentials: Future work could explore potential collaborations with
external parties such as retail pharmacies. Such a partnership could enable valuable features like
real-time stock availability checks or price comparisons at nearby locations, transforming the
application into a more integrated healthcare tool.

5.4 Validation

The validity of this research is supported by a robust and comprehensive evaluation protocol that addresses
multiple facets of the application's quality. Functional validation was unequivocally established through
Black Box testing, where the application achieved a 100% pass rate across all 20 core use cases, confirming
high system stability and adherence to functional requirements. Content validation was rigorously
performed by seven pharmaceutical experts. The statistical analysis using Aiken's V, resulting in all items
scoring between 0.75 and 0.85, provides strong quantitative proof that the medical information presented is
considered to have "High" to "Very High" validity by professionals in the field. Usability validation,
conducted with 66 users via the System Usability Scale (SUS), yielded a score of 78.67. This strong score
provides quantitative evidence that the application is easy to use, effective, and well-received by its target
audience. Finally, non-functional validation through performance and compatibility testing confirmed that
the application is efficient in its resource consumption and runs reliably across a range of modern and legacy
Android devices. Together, these six distinct validation methods provide a holistic and convincing proof of
the system's overall effectiveness, reliability, and quality.

6. Conclusion

This research successfully developed and validated a functional, reliable, and effective mobile application
for identifying medicine packaging. The system's architecture, which synergistically combines on-device
OCR, the Jaro- Winkler correction algorithm, and a controlled LLM chatbot, proved highly effective in
addressing the core research problem. All initial objectives were met, as evidenced by key achievements
including a 96% Top-5 identification accuracy, strong performance in adverse conditions, a "Good"
usability score of 78.67, and high content validity as confirmed by pharmaceutical experts. The unique
research contribution lies not just in the application of individual technologies, but in their successful
integration into a holistic, hybrid, and user-friendly system that is both technically robust and practically
valuable. This study provides a validated technological solution that can help reduce medication errors and
enhance public access to reliable health information. The findings confirm that the proposed model is a
viable and powerful tool, offering a strong foundation for future advancements in mobile health technology
aimed at improving patient safety.
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