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Abstract This review systematically summarizes the research progress in artificial intelligence ( AI)-based constitution identification and per-

sonalized health management, encompassing mobile terminal image acquisition, tongue and facial feature recognition, multimodal fusion, and

intelligent intervention strategies. Current systems have preliminarily achieved a

" identification-intervention-feedback" closed loop; however,

they still face challenges such as inconsistent data quality, poor model interpretability, and a lack of clinical validation. Future efforts should

focus on constructing high-quality multimodal databases, enhancing algorithmic transparency, conducting randomized controlled trials, and in-

tegrating 5G and AR technologies to advance the precision and universality of TCM intelligent health management.
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1 Introduction

The theory of Traditional Chinese Medicine ( TCM) constitution
has a long history, with its conceptual roots traceable to the Yellow
Emperor’s Inner Canon ( Huangdi Neijing). It emphasizes the rela-
tively stable physical and mental characteristics of an individual
formed through the combined influence of innate heredity and ac-
quired environment. This constitution not only determines the
physiological and psychological differences among individuals in a
healthy state but also plays a pivotal role in the occurrence, devel-
opment, progression, prevention, and treatment of diseases'' .
However, traditional TCM constitution identification relies on the
clinician’s experiential synthesis of the " four diagnostic methods
combined" (inspection, auscultation/olfaction, inquiry, and pal-
pation). Tts diagnostic outcomes are highly dependent on the
physician’s personal experience and subjective judgment. This in-
herent characteristic makes it difficult to meet the urgent demands
of modern health management systems for precision, standardiza-
tion, and scalability, thereby limiting the application of TCM con-
stitution theory in large-scale population screening, telemedicine,
and modern health management” ™. In recent years, artificial in-
telligence ( AT) technology, particularly represented by deep
learning, has presented a historic opportunity to overcome these
limitations. Al technologies, especially computer vision and natu-
ral language processing, can perform quantitative analysis and in-
telligent interpretation of digitized information' | providing the
technical foundation for constructing objective, precise, and high-

ly accessible TCM constitution identification and health manage-
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ment systems. This study provides a systematic review of Al-
driven TCM constitution identification technologies and their appli-
cations. Building upon this, it analyzes the current research land-
scape, summarizes methodologies, and offers novel insights to en-

hance its effectiveness in clinical service.

2 Mobile terminal imaging and AI image recognition
2.1 Mobile terminal acquisition technology The widespread
adoption of smartphones has revolutionized the digital acquisition
of TCM " inspection" information, particularly tongue and facial
images. lts advantages lie in enabling users to perform data collec-
tion using their everyday phones without specialized equipment,
breaking the spatiotemporal constraints of traditional diagnosis;
significantly lowering the barrier and cost of data collection, mak-
ing it suitable for large-scale epidemiological surveys and self-
health monitoring; and laying the groundwork for remote TCM con-

sultation and health management ®'.

However, the user selfie
mode presents significant challenges. The acquisition environment
is uncontrolled, involving factors such as uneven lighting, arbi-
trary shooting angles, complex backgrounds, blurry focus, and in-
terference from facial expressions and makeup'”’. These factors
result in inconsistent quality of the acquired image data, directly
impacting the training of subsequent Al models. To address this,
researchers and developers typically employ interactive guidance
interfaces,, ambient light detection prompts, and standardized pho-
to-taking procedures to enhance data standardization at the source.
In the preprocessing stage, utilizing color correction algorithms
based on standard color charts, deep learning-based precise
tongue/facial region segmentation models, and image standardiza-
tion techniques become crucial steps for extracting valid signals
from noisy data™’.

2.2 Tongue image recognition technology Tongue diagnosis
is a core component of TCM inspection, where the morphology,
color, and texture of the tongue image contain rich health informa-
tion. Al-based tongue image analysis typically involves the follow-

ing steps:
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2.2.1

tongue body from regions such as lips, teeth, and the background.

Tongue body segmentation. Accurately separating the

Early methods predominantly used traditional image processing
techniques like thresholding, edge detection, and active contour
models. In recent years, convolutional neural networks ( CNNs)
based on architectures like U-Net and DeepLab have become the
mainstream methods for tongue segmentation due to their powerful
feature learning capabilities, significantly improving segmentation
accuracy'” .

2.2.2 Feature extraction and classification. The features such as
tongue body color, coating color, tongue shape, and coating tex-
ture are extracted from the segmented tongue image. Wu Yun
et al. """ developed a tongue image analysis system capable of au-
tomating this feature extraction. Classification models then utilize
these features, or employ end-to-end deep learning models, to di-
rectly perform constitution classification or assist in disease diag-
nosis. The research results indicate stable associations between
specific tongue features and constitution types; for instance, an
enlarged tongue with tooth marks is often associated with qi defi-
ciency or phlegm-dampness constitutions, while a red tongue with
a yellow coating frequently suggests damp-heat or Yin deficiency
with effulgent fire!"’.

2.2.3 Clinical application and validation. Li Candong et al. "'
employed deep learning to classify tongue images, demonstrating
promising results in constitution screening for patients with chronic
diseases like diabetes and hypertension. Chen Qianyu et al. de-
veloped a lightweight tongue image constitution identification mod-
el based on MobileNetV2, which is more suitable for deployment
on mobile terminals™’.

2.3 Facial image recognition technology Facial diagnosis in-
volves inferring the abundance or deficiency of visceral qi and
blood by observing changes in facial complexion, luster, and mor-
phology. Compared to tongue diagnosis, Al facial diagnosis re-
search faces greater challenges, primarily due to strong interfer-
ence from factors like ambient lighting, individual skin tone varia-
tions, cosmetic use, facial expressions, and shooting angles.
First, precise localization of the face and key facial regions is re-
quired. Common methods include Haar features combined with
AdaBoost classifiers and deep learning-based face detection algo-
rithms. Song Haibei e al. '™’ | in their system, used hierarchical
clustering algorithms to cluster pixel color information, extracted
color features, and then employed a BP neural network for facial
complexion recognition; more advanced methods directly utilize
CNNs for end-to-end facial complexion classification. Zhang Ying
et al. "™ analyzed facial texture, color, and other features using
CNNs, finding correlations with constitution types such as qgi defi-
ciency and blood stasis.

Currently, the accuracy and robustness of facial diagnosis Al
generally remain lower than those of tongue diagnosis. Beyond
technical challenges, the inherent complexity of TCM facial diag-
nosis theory itself poses difficulties for quantitative modeling. Con-

sequently, current facial diagnosis Al is primarily used as an aux-

iliary and supplementary information source alongside tongue diag-

nosis and inquiry.

3 Single-modal and multi-modal fusion analysis
3.1 Single-modal analysis Early research predominantly fo-
cused on single-modal analysis of either tongue or facial images.
Although some progress was made, its fundamental flaw lies in the
single dimension of information, which significantly deviates from
TCM’s holistic perspective of " combining the four diagnostic meth-
ods". Solely relying on visual information fails to capture key
symptoms such as feelings of cold/heat, sweating patterns, urina-
tion/defecation, sleep, and emotional state, making misjudgments
highly likely. For example, a "red tongue" alone might suggest a
heat syndrome, but when combined with inquiry information like
"aversion to cold, cold limbs, clear and abundant urine" , it may
indicate true cold with false heat. This limitation of " seeing only
the part, not the whole" has spurred an urgent need for multimo-
dal fusion technology'™.

3.2 Multi-modal fusion TCM emphasizes a holistic concept,
and the fusion of multi-source information from the combined four
diagnostic methods is a crucial means to improve the accuracy of
constitution identification. Multimodal machine learning is a hots-
pot in Al research, aiming to comprehensively utilize diverse modal
information such as images, text, audio, and sensor data to achieve
decision-making capabilities superior to any single modality®’ . The
"image + text + speech + data" combination currently represents
a new trend in research. Liu Baoyan et al. """ proposed building an
auxiliary diagnosis and treatment system for TCM integrating the four
diagnostic methods; Huang Wei et al. "™ proposed using deep
learning models with multimodal data fusion for constitution identifi-
cation, preliminarily validating the effectiveness of this approach.
However, most of these studies remain at the stage of theoretical ex-
ploration or laboratory prototypes and have not yet materialized into
complete, easy-to-use products for the general public.

3.3 Overall system architecture A complete mobile terminal
and Al-based TCM constitution health management platform typi-
cally adopts a layered architecture, including a client application,
cloud server, and server/management backend” ™. Within this
architecture, the knowledge graph plays the role of the " intelligent
brain". It materializes TCM concepts and constructs a rich seman-
tic relationship network among them, such as " phlegm-dampness
constitution should consume Coix Seed" and " Zusanli (ST36) be-
longs to the Stomach Meridian". Once the constitution identifica-
tion model outputs a result, the intervention generation engine per-
forms multi-hop reasoning within the knowledge graph, dynamical-
ly generating personalized health regimens covering dimensions
like dietary therapy, exercise, acupoint health care, and emotion-
al regulation, tailored to the user’s real-time context'”''. This inte-
gration of data-driven perception and symbolic knowledge reason-
ing enables the system not only to compute accurately but also to
elucidate the underlying TCM logic, thereby enhancing explain-

ability and user trust.
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4 Personalized health management
Systems based on Al and knowledge graphs can achieve dynamic
and personalized generation of health management plans. Liu
Xiaoyun et al. "' noted that such intelligent health preservation
systems are progressively extending from disease prevention to-
wards holistic health promotion management. To bridge the gap
between profound TCM theory and the understanding of ordinary
users, thereby improving user comprehension and compliance, ad-
vanced platforms place special emphasis on interaction design. For
instance, abstract concepts like yin-yang balance and qi-blood a-
bundance/deficiency are translated into dynamic balance anima-
tions, thermometer-like cold/heat scales, and 3D models of hu-
man meridians and acupoints; by setting daily health preservation
tasks and challenge levels, users earn points, virtual badges, or
unlock new content upon completion, transforming health manage-
ment into an engaging experience; establishing anonymous user
communities based on constitution types can facilitate experience
exchange and mutual encouragement, creating social support; it
provides recipe guides, acupoint massage techniques, Baduanjin
(a traditional Chinese exercise) tutorials, and other content with
step-by-step graphics and short video demonstrations, effectively
lowering the barrier to implementation.

Currently, most systems can achieve a basic " identification
— intervention — feedback" closed loop, where users provide
subjective feedback through methods like check-ins and ratings af-
ter executing the plan. However, a key bottleneck lies in the in-
sufficient objectivity and continuity of the feedback loop. The lack
of truly valuable quantitative feedback makes it difficult to perform
precise, dynamic quantitative evaluation and optimization adjust-

ments of the health regimens.

5 Conclusions

In summary, deep learning models struggle to provide diagnostic
explanations that align with TCM logic; while the models can
identify constitutions, they cannot articulate the reasoning chain
like a physician, hindering clinicians’ trust in and adoption of Al

tools'?!

. The vast majority of research remains at the stage of al-
gorithm validation and system prototyping, lacking large-scale ran-
domized controlled trials (RCTs) using clinical endpoints as eval-
uation metrics; thus, their effectiveness and safety have yet to be
confirmed by high-level evidence-based medical evidence. Fur-
thermore , how to convey and embody the cultural essence and ex-
periential value of TCM through technical design presents a pro-
found challenge in this field.

Addressing the aforementioned issues, future research could
pursue optimization in the following directions: continuously ex-
panding data volume and research algorithms like contrastive
learning and self-supervised learning to enhance model generaliza-
tion capabilities; introducing time-series methods to construct
models of constitution changes over time, enabling dynamic identi-
fication and prediction; conducting large-scale RCTs within medi-

cal institutions to empirically test whether these systems can ad-

dress specific clinical problems; integrating 5G and edge compu-
ting technologies, exploring fusion pathways with lightweight Aug-
mented Reality (AR) technology to enhance interactive experi-
ences and cultural perception while maintaining the advantage of
low cost.

Through these efforts, it is anticipated that the precision, ex-
plainability, and universality of Al-driven TCM constitution iden-
tification systems can be further enhanced, promoting the deep in-
tegration and development of TCM modernization and intelligent

health management services.
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