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Unit : Kaohsiung Medical University Chung-Ho Memorial Hospital /
Department of Traditional Chinese Medicine / Dr. Hung-Lung Lin’ s Team
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In modern society, the trends of population aging and the younger
onset of coronary heart disease (CHD) have become increasingly evident.
Traditional CHD diagnosis still relies on large-scale medical
instruments such as cardiac catheterization and electrocardiography,
which require hospital visits and involve complex procedures. To reduce
medical and time costs, this study developed an auxiliary CHD
identification and assessment system i1ntegrated with a mobile
application (APP). The proposed system is grounded in the traditional
Chinese medicine (TCM) theory of “inspection” and the correlation
between the tongue and the heart described in the (Huangdi Neijing) .
Recent observational and retrospective studies have further indicated a
significant positive correlation between sublingual varicosities (blood
stasis and vessel dilation) and cardiovascular diseases. Based on these
findings, the system employs Al-driven analysis of sublingual vascular
images, 1ncorporating a self-developed automatic reflection removal
algorithm and image segmentation techniques. A novel deep learning
prediction model based on a multi-head attention mechanism was
constructed and deployed within the mobile APP, providing real-time
prediction and rapid screening functions. Ten-fold cross-validation
demonstrated that the proposed reflection removal algorithm improved the
model’ s recognition accuracy from 80.00% to 86.67% showing good
accuracy and stability. Furthermore, consistent prediction results were
obtained from multiple recordings of the same participant, confirming
the reproducibility of the system. Users only need to capture sublingual
images with a smartphone, and the system can generate identification
results within 7 to 20 seconds. It also offers personalized
recommendations for further medical consultation or daily health
maintenance, achieving the goal of real-time, convenient, and cost-
effective preliminary CHD screening.
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OQur team 1s a cross—-disciplinary research team, composed of:

. Hung-Lung Lin, Department of Acupuncture, Traditional Chinese
Medicine, Kaohsiung Medical University Chung-Ho Memorial Hospital

. Lung-Chang Lin, Director, Pediatric Neurology, Kaohsiung Medical
University Chung-Ho Memorial Hospital

. Rei-Cheng Yang, Professor, Pediatric Neurology, Kaohsiung Medical
University Chung-Ho Memorial Hospital

. Chee-Siong Lee, Director, General Internal Medicine, Kaohsiung
Medical University Chung-Ho Memorial Hospital

. Min-Hao Jheng, Research Assistant, Pediatric Neurology, Kaohsiung
Medical University Chung-Ho Memorial Hospital

. Ye-Hsu Lu, Director, Cardiology, Kaohsiung Municipal Siaogang
Hospital

. Chen-Sen Ouyang, Professor, Department of Information Management,
National Kaohsiung University of Science and Technology

. Rong-Ching Wu, Professor, Department of Electrical Engineering,
[-Shou University

. Yi-Hung Chiu, Assistant Researcher, Sports Technology and
Information Development Division, National Sports Science Center

The team has been collaborating for over 10 years, representing a long-
term and stable research partnership. Our technical expertise spans
Traditional Chinese Medicine (TCM), Western clinical medicine, machine
learning, quantitative EEG, clinical diagnostics, deep learning, signal
processing, medical device development, interface development, and image
analysis. Since its establishment, our team’ s research achievements
include:

(1). 27 publications in SCI-indexed journals

(2). 2 publications in other journals

(3). 2 United States invention patents

(4). T Republic of China (Taiwan) invention patents

(5). Execution of more than 25 research projects

(6). 7 awards in various competitions

(7). Previous research outcomes—specifically, using smartwatches to
diagnose attention deficit and hyperactivity disorder (ADHD)—have been
awarded the 18th National Innovation Award, Clinical Innovation Prize,
the 2023 National Innovation Advancement Award, and induction into the
Invention Award Hall of Fame
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Current R&D Achievements:

).

Q).

Case Data: The study has enrolled multiple participants, using three
sublingual 1mages from 60 preoperative healthy participants and
coronary heart disease (CHD) patients for training. The model
achieved an accuracy of 86.67% sensitivity of 86.67% specificity
of 86.67%, and an AUC of 92.84%.

Technical Validation: The research has been published in academic
journals, presented at the Taipei Medical Symposium and the 22nd
National Innovation Awards, and a patent has been filed (Application
No. : 114126190, filed on 2025/07/10).

Future Development Directions:

To continuously enhance the product’ s technological maturity,
clinical utility, and market share, the following strategies will be
pursued:

).

).

A3).

Model Enhancement and Data Augmentation:The dataset of sublingual
vascular images will be expanded, including cases of varying ages,
genders, and diverse sublingual characteristics, to i1mprove the
model’ s ability to recognize different variations. The Al-assisted
recognition model will be continuously optimized, including
algorithm refinement and parameter tuning, to further improve
accuracy, sensitivity, and long-term stability. Additionally, a
visualization feedback mechanism, such as heatmaps generated by the
model, will be incorporated to provide clinicians with interpretable
references for decision-making.

App and Cloud Platform Integration:The mobile app’ s user interface
will be continuously optimized to enhance usability and feature
completeness. To address potential variations 1in device
specifications and imaging conditions (e.g., different camera
quality, lighting conditions, and user operation), the system will
include device recognition and automatic flash brightness adjustment
mechanisms to ensure consistent image quality. The Android version
of the app has been completed, with plans to develop 10S support and
evaluate collaboration with professional app development companies
for further optimization, thereby enhancing product maturity and
stability.

Product Commercialization and Market Promotion:The mobile app will
be officially launched along with a backend monitoring system to
ensure service quality and user experience. Long-term maintenance
and updates may be entrusted to professional app management
companies. Initial market promotion will be carried out through
health seminars and collaborations with health check centers and
community medical units. The ultimate goal 1s to establish a
comprehensive smart healthcare service framework, providing
personalized health management and medical recommendations based on




individual risk levels, thereby expanding the product’ s impact in
clinical applications and health management markets.
Through the above strategies, the product is expected to transition from
R&D to commercialization, integrating AI technology, mobile devices, and
cloud platforms to create a scalable solution for early CHD screening
and health management, with significant potential impact in medical care

and precision preventive medicine.
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