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= Al for Social Good -

Sign Language Translation and Production e sl

IR B6E B R S S 36

Yupeng Li ! (P} Donglong Chen 2 (P1)
Bu Zhong ! (Dean) WeijJiang ! LiangLan! Xiaowen Bi 2  Xuan Ning ?
IHong Kong Baptist University 2Beijing-Normal Hong Kong Baptist University

+ Sign Language Recognition

EREZMNFs

Hong Kong Guangdong China
kY 2007: 92,500 2007: 1.61M 2007: 27.4M .
=ﬁ BIJ ;53 E EE 2013: 155,200  2018: 1.70M 2013: 29.0M B :
A 2020: 246,200 2020: 1.75M 2020: 30.0M Spoken languages, Accurate '
Such a5 Mandarin H
and Cantonese
A DHoH : With a large ion, its prop in the total ian s rising rapidly. Sign languages, including Chinese Mainland Sign Language, | tet or audia ) -
Hang Kong Sign Language, efe. (video,)
_ « Sign Language Production Real-time
@ S, o Low eficiency . (Only 50 registered in HK ) - =

58] 57 52 10

e ®

S . Low quality beaSiBton  Hearing Group Sn BN privacy-preserving
il ' g
Significance and Challenges of SLT Mission and Vision
ignificance: The hearing-impaired population is large and growing rapidly, yet Mission: Automate Sign Language Translation (SLT) using Al to deliver accurate,

real-time, and privacy-preserving communication, making Sign Language (5L)
accessible to everyone.

communication barriers remain pervaswe
Challenges: SL is highly individual in style, inherently multimodal (manual

FHE#E
EEEEMER
EBBEAR
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EEEEMER
36 5 82

BKE

BERDEERS > FEAMKREBNIEDEREABAZEI00E >
RS AR 2B FRE LFNES - FREERAERERMAZ

RRBBOEEEN - AM > EFFEBFZAESREER > BHT
FREMEZIATAERILS ZRER - LREEEEARSEME > &
WBAMPARE 7B E R R AE Rt A Z B MM o AR LIRS
MEAEHMEETNHH A EHBIBERMN > Rt EEERD
FREANRR ; BN HSENLPHERERBETERIN KRS
BN FREENER , SR NERMERESSEEFAMERTRM
AEEATE  EMBER —RWE) REAF > BREBXNEERN
BRI ERFNERIRERNS -

HEMTSR

Sign Language Translation
Sign-Language Production
Al-driven Translation
Deep Learning

Privacy Computing

signs + facial expressions), and strongly region-dependent (e.g., HE 5L # Main-
land 5L), making cross-regional transfer difficult.

Highlight #1: Face-Augmented Multimodal Semantics for
Gloss-Free Sign Language Translation with LLMs

Challenges: 1) Only whole-frame visual encoding; 2) Ignore non-manual signals
{facial/mouthing); 3) High MLLM cost sampling misses semantics.

Contribution: Proposed a face-augmented multimodal LLM for gloss-free SLT that
separately models hand gestures and facial cues, improving disambiguation and
achieving new SOTA BLEU-1—4 results (BLEU-4 = 25.22). Some baselines’ LLM pri-
ors yleld longer, richer outputs, boosting ROUGE but not always translation quality.

1. Multimadal Seature fusion

L LM

Methods BLEU-1 BLEU-4 ROUGEL

Fla-lLM 4629 23.09 4527 ... (a) "BRUDER”
Sign2GPT 49.54 2252 48.90

SignLLM 45.21 23.40 44.49 ... (b} "SCHWESTER"
SpaMo  49.80 2432 46.57

Qurs 51.04 25.22 4758 Similar hand gesture can mean different things

Highlight #2: Direct Preference Optimization (DPO) for
Gloss-Free Sign Language Translation (SLT)

C g 1) SFT is token-level imitation =+ fluent but inaccurate translations;
2) SFT ignores sentence-level semantic fidelity.
DPO Core Mechanism: Re!ormulates SLT as preference learning over candi-

date outputs, wi ing the likelihood gap b high/flow-quality translations to
capture accuracy-cntlcal differences ignored by token-level SFT.
Stage 1: Candid. i Stage 2: Pref C i
LLM-as-a-Judge Scoring
prLnouage veos i# Gaven a Reference and several
| 1 Candidate tramslations. score each
| i candicate from 110 5.
| H
- LLM score BLEURT
SFT model i = e
Tiwo-stage mixed sampling 2 Pairing Strategy
i | oPo Poirs
/75 candidate translations | Hard pait Hard pair D: g
Candidate 1: ab und zu etwas sonne. 1
Candidate 2: ab und u auch mal  Stage 3: DPO Training
etwas senne. 3
i DPO objective
Candidate 5: ab und 2u etwas schnee. Chosen>Rejected
Reference: ab und zu etwas sonne. i

A 4
Preference Aligned Model

Contribution: 1) Proposed an SLT+DPO framewaork that corrected semantic re-
versal errors and significantly enhanced translation faithfulness. 2) Using SpaMo
as the baseline, our framework outperformed the standard SLT baseline with 25.51
BLEU-4, 59.16 BLEURT, and 47.27 ROUGE-L.

Vision: Build secure SLT systems enabling barrier-free interaction across the
Greater Bay Area, and will extend to other countries and languages.

Highlight #3: Fine-tuning-Free Visual Encoding for
Generalizable CCS Recognition with LLMs

Mandarin Chinese Cued Speech
(MCCS) is a visual communication
system for the Deaf and Hard of Hear-
ing Group (DHoH).

Chall Inter-cuer h g

ity and cross-modal asynchrony hin-
der generalization and increase cost,

Contribution:

[¥] First fine-tuning-free generalized Automatic Cued Speech Recognition (ACSR),

established a new CSR paradigm;

[ Proposed FNA-CSR: CSSP+VP-align (no visual encoder fine-tuning) - aligned fea-

tures -+ LLM+LoRA for phoneme generation;

[¥] SOTA on multi-cuer datasets: MCCSD (6-H) 2.72% CER / 4.74% WER; MHI-MCCSD

{8-HI) 10.81% CER / 19.26% WER.

MR (N MIESEEEBIERY s, 2 o o
denote hearing and

EcoCued 29.75 67.83 5052  90.13  hearing-impaired:

STF-ACSR 8,34 21.06 10.96 25,67 "CER" and “WER"

Cued-Agent 9.05 2054 1267 29.86  denote character

FNACSR 2,72 474 10.81 19.26  2ndworderrorrate.

Methods

Quality Research Output (2025-2026)

CCF-A / TH-CPL-A papers: 7 SCI Q1 papers: 6

= WWW x2 (2026, CCF-A/TH-CPL-A) * IEEE Trans. Signal Process.

= AAAL (2026, CCF-A/TH-CPL-A) {2025, SCI-Q1)

= |EEE Trans. Comput. (2025, = |IEEE Trans. Mobile Comput. x2
CCF-A/TH-CPL-A, SCI-Q1) (2026, CCF-A/TH-CPL-A, SCI-Q1)

= ACM/IEEE Trans. Networking (2026, = ICASSP (2026, CCF-B)
CCF-A/TH-CPL-A) « Trans. Network 5ci. Eng.

= INFOCOM (2026, CCF-A/TH-CPL-A) (2026, 5CI-01)

= KSEM (2025, CCF-C) = |EEE Trans. Consumer Electron.

(2026, 5CI1-Q1)

Intl. Conference Organization: Participated in organizing International Conference
on Social Comp g (ICSC'25) - inter r h in Al and social
sciences. Pls l\'upeng Li and Donglong Chen) served as core team members.
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Weightlifting

Computer Vision
Motion Tracking
Biomechanical Analysis

Force Evaluation

Guangdong and Hong Kong Universities
M+1+1] Joint Research Collaboration Scheme
BESR M1+1+1) BSE&EBh T2

= Towards Vision-based Markerless Tracking and Force
2y _ Analysis of Weightlifting-specific Technical Moveme
Yiu-ming Cheung (PI, HKBU) and Weifeng Su (PI, BNBU)

| Background and Motivation |

B Training objective: Long-term high-quality training for
weightlifting skills for Olympic-level success

B Limitations of traditional training scheme: Subjective,
delayed feedback, lack of detail

B Current marker-based motion tracking systems: expensive
and non-popular

B Next generation visual based system: accurate and real-time =

force analysis with Al generate text guidance Marker-based motion tracking system

Evaluations:
force analysis, stage partition
training report text generation

Pose Tracking Force Estimation

nd the

H

s, the biggest

Feptetun v fis
e
upgrade you can make
is 1o pull straight up,
tight to the body, while
keeping the arms long

T until vour legs and hips
Tima (s} have completely
finished the extension.

!

Kmte Torque (Mm)

o5 8E

| Dataset Construction
Weightlifting Action Dataset
B 388 movement video clips

B Across different levels of competition

B Across different weight class and lifting ways

B Processed with 3D human pose tracking annotation
and weightlifting results
B Midpoint of hands as the barbell trajectory

B Used for statistics of success/failed lifting and further

guidance analysis

€
b

Analysis Method )

Stages definitions

1. Start Stage: first frame where
B Barbell trajectory analysis based on velocity and position | speed exceeds 10% of max speed
2. Peak Vertical Velocity: max
upward vertical velocity

Weightlifting Stage Partitioning

Text Guidance Generation

B Plan to collect corpus of coaching text from professional 3. Max Height: max vertical
. position

training record/textbooks 4. Catch Position: first turning

B Finetuning a VLM for Al based coaching text generation point after 3

[1] Action-HSMR: Sequence-based 3D Human Pose and Mesh Estimation with Temporal Consistency, ICASSP 2026.
[2] STAR-Flow: Unified Spatio-Temporal Adaptive Residual Learning for Human Motion Reconstruction, ICME 2026.
[3] Active Learning of 3D Gaussian Splatting with Consistent Region Partition and Robust Pose Estimation, ICLR 2026.
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Spatiotemporal Dynamic Analysis
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The Rise.and Fall of. GBA Ports in. 20" Century

A Spatietemporal'Bynamic Analysis on Institutional'Change and Part System Development

This project focuses on the Greater Bay Area and examines the relationship between institutional change and port system development since 1900. It 3ims to
develop a data-driven analytical framework to investigate how port systems evolve under different institutional contexts, on top of critical environmental
factors overlooked by historians and Geographers revealed by the Water Conservancy Reports of Republican Guangdong. It combines textual data
processing with quantitative and spatial analysis to better understand the relative competitiveness of ports of the Greater Bay Area. One of the key research
questions of the project is how Guangzhou lost its primacy in maritime logistics to Shanghai and Hong Kong during the 20" century.

9 Research Framework and Methodology

This project adopts a data-driven framework to examine the relationship between institutional change and port system development. The major research
materials are policy documents and Cantonese Water Conservancy reports published during the Republican Period. From this pool of information, structured
variables are constructed for the application of Concentration Ratio (CR) and Herfindahl-Hirschman Index (HHI) measurement of market structure.
Meanwhile, Dynamic Shift-Share Analysis (D55A) is applied to examine structural changes over time,

Through extensive archival research across archives in Hong Kong, Macau, and Zhuhai, the project uses historical contextualisation to shed light on present-
day concerns by revisiting decisions made in the past.

4

€© Current Progress
Textual Data Collection

Initial efforts have focused on extracting information from textual data to support the analysis of P e sl o vt
institutional change. OCR is applied to transform the historical records into digital data.

et maserin
Digitization (0CR) [
Coment acarmed

machane seadatie e 1

In addition, preliminary text normalization has been explored on selected materials. Historical texts,
including classical Chinese expressions, have been converted into more accessible modern Chinese
using locally deployable and adjustable large language models (e.g., Qwen), thereby improving

_ Taxt Processing &
| Momalization

Frogare radabie acd

readability and supporting later processing. Variable orsistere best friem
Construction /¢ l ) ——
At this stage, the OCR-related work remains exploratory and feasibility-oriented, with the main ract and conomet g
s e veiabies
purpose of identifying workable processing strategies for complex historical materials rather than " e il o ot |
el
producing a finalized analytical dataset. There are some challenges to text-processing and data > ?::‘-":':::*I"f
) ial Analysis
organization, as the historical materials are not co d in standardized structure for direct | 05 PP
quantitative analysis, not to mention that maps, annotations, and textual contents are closely s,
combined in hybrid pages. :
| I A— -
| ’ s Ul |

@ Future Works

In a few months’ time the research team will continue consolidating the technical groundwork and improving the preparation of source materials for later
analysis that using indicators such as the Concentration Ratio (CR), the Herfindahl-Hirschman Index (HHI), and Dynamic Shift-Share Analysis (DSSA), in order
to examine changes in the port system over time.

An international workshop on historical port in the interactions and competitiveness of Republican Chinese Ports is scheduled to be held in ENBU Centre in
August 2026. It aims to produce a book-form publication by reputable academic publisher on the historical elements of major ports of the Greater Bay Area,
namely, Hong Kong, Whampao (Canton/Guangzhou) and Macau, as well as their mutual competitions and the land and water routes connecting them.

In light of the modern port analytical tools employed by the project, a systematic enquiry on how Guangzhou lost its primary status as the major seaport of
China will be conducted at the later stage. No less than three articles are expected to be published in top-tier journals. The planned topics include: the
factors contributed to rise of Hong Kong as the main seaport of GBA in early 20™ century, the destructive competition between Guangzhou and Hong Kong
that facilitated the rise of Shanghai in the same period, and the supremacy of the port of Hong Kong in the Chinese coast after the World War II.

The project has developed an initial data processing workflow and identified key issues related to data quality, textual complexity, historical interpretation,
and data structuring. These issues also highlight the importance of combining technical methods with the interdisciplinary strengths of the research team in
the next phase of the project. Through the continued integration of textual data with analytical methods, the study is expected to contribute to a clearer

understanding of the relationship bet institutional change and port system development which is unachievable by qualitative and textual
methodologies.

et I e T e
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lll Digital Studies of Ancient Bronze Bells:

5 A\ Sound, Form, and Re-creation
Eﬂ s\ :04

E Changsha Museum
+ December 2025

o
w

02

Hunan Museum
August 2025

:01
+ Tanhe Li Museum
December 2025

Excavated sites in Ningxiang City
August 2025
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LEEREE A

FEERERROEAFEAXCEEEATESE (A) ~ BERSNIXHAE Bronze Bell

Bk o BERABUTRAESHANS S SRAEAWETE  KRINE o

CHREENTERSESNAMEE  RARESSEERANEE R e :

T# > WRFESAIEEERESAERT S - RFAE—SIIEA Digital Heritage : ; :

KBRS UBHBRELTSNEEHER - EREEFERRFERE VR/AR
PSR EEE > RASERRATTCEA » NAERFEL - B > A-generated Bell Musi L : FaRo Focuspremian 08 :09

BT RERNEFRETTEPERANIERES > BB TESHE :05 ¢ Ereeslessaner :07

METRBRERRA S BREE (R) MUREH 5 AR  TER I INTRODUCTION /—llll

Iﬁ'%—*u i%ﬁ aﬁiﬁ% (VR/AR) I;%iﬁqjéu%‘&?%ﬁf%%ﬁﬁié—%x'ft ’ jﬁﬁﬁ%%ﬁﬁ ONE BELL WITH Two SOUNDS This project explores the intersection of ancient Chinese cultural heritage and

HEFTHTRNEEEZNHOHAR c BEHEFHEUICHEBESE &5 cutting-edge digital technologies through Al-powered, immersive experiences in the

9 A The summit of a hill, referred to as Shiguzhai Hill in Hunan province, China, has yielded a Metaverse. By integrating digital models of Chinese bronze bells with generative Al,

AVEMFRBRMEEREMENAIEREAREN HESERRIFEATISS total of seventeen bells from three pits. Such condensed finds. have provided many extended reality (XR), and data-driven methads, the project will facilitate creative

RERASER > AN ERAENBRSaRYLES  ABREMY e o e i and el g et e raky onss enmetns R

linsheng Yayue Orchestra of UIC, live, real-time performances will be fused with
generative video art to creatively showcase the unique socundscapes and cultural
significance of the bronze bells. Through this blend of the anclent and the

MR RAERER - ﬁt%%&?&@]qﬂf{fbiﬁi%%ﬁ’\]@ﬁ  {REXAE ATone
HEVEEERE > TRBESREMEFAEETEDN THEB) - e e

[

porary musical c the project aims to offer an interactive,
audio-visual educational experience that promotes the transmission of Chinese

Color Sounds 3D Laser history, culture and aesthetics, cultural identity, and ik to the d

IE B %) I 1§§E Gogechian Becarding zcanhlbo of China" s “new soundscape” through storytelling approaches.
PlandCo-ls  ————
Pl of BNBU: Pl of HKBU:
Close-Range Sound Data Digital Heritage Prof. Eugene Ch'ng (ZHUANG Yiren) Prof. LI, Kin Sum (Sammy)
Photogrammetry Analysis g and execution of Supervision, coordination, and execution of
project activities at BNBU project activities at HKBU
OUTPUT
[Ea-is of BNBU:
i Dr. Matthew James, Professar
34 units i 15 Units 744 GB | sl e
| i Dr. WEI Gailan, Assistant Profes:

4 H 1. 3 1, 1 SOT
3D Modeling \ Bronze bell Scanning = File Size | Interactive Storytelling in Virtual Environments

Dr. ZHOU Chao, Assistant Professar
Interdisciplinary Arts, 3D Scanning and Close-Range Photogrammetry

Dr. JI Yuhan, Assistant Professor
AR Interactive System Developmnt

Dr. YE Jiaying, Assistant Professor ¥
Music performance, Music business, Art marketing

Mr. FENG Junruun Senior l.«\umt
Unreal Enging 1up, App 30 Scanning, 30 Madeling

Ms. PEl Yuhan, Assistant Instructor
VR/AR €. hon an: i

[Eorl of Hkau:
Dr. MA Guancong, Professor
Acoustic analysis, acoustic wave simulation

v WAN Renjie, Assistant Professor
Arificial Intelligence [Al), piteh mg data pattern extraction and analysis
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Fusing Imaging and Spatial-Temporal Complexity Measures for

St Ry 2 e Early Alzheimer's Detection and Neuromodulation
E H E % ((( HKBU PI; Changsong Zhou 22
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1. Department of Physics, Hong Kong Baptist University, Kowloon Tong, Hong Kong;
2. Centre for Nonlinear Studies and Beijing-Hong Kong-Singapore Joint Centre for Nonlinear and Complex Systems (Hong Kong),
Institute of Computational and Tt ical Studies, Hong Kong Baptist University, Kowloon Tong, Hong Kong;

3. Life Science Imaging Centre, Hong Kong Baptist University, Kowloon Tong, Hong Kong
4. Faculty of Science and Technology, Beijing Normal-Hong Kong Baptist University

Introduction and Objectives Representative Result 2: stiff Network Modeling

E E *ﬂ #k g hﬂ ﬁ 1ﬁ g& E As populations age, Alzheimer's disease (AD) is set to become a major global | [individual differences in cognitive abilities pose a long-standing challenge in systems neurascience, because it remains
oo = e = health challenge, with its ear|y stages often remaining unnoticed, |eading to | | difficult to identify which comnoﬁ.el.vu of inter-individual brain variation are most relevant to cognitien. Here we intreduce

o=} E E Jﬁ EH = IE E E r_ Eﬁ an=| issed Uit for timelv di < d int & To add thi Stff Netwark Modeling, a sens based that pases large-scale brain networks into eigennetwarks
=R~ g B3 ﬁ B8 mnsse _oppn. A ?S r el |a.gr'.nosns ang.n erve|_1 o O a re?s I omganized by their cognitive- Dcrkmnan(c relevance. Using IMRI data collected during working memary and language tasks
EAETKE 16 6 & & 8 - issue, this project will develop a predictive framework by integrating multimodal | | from a large participant sample, we identified a togologically coherent brain network pattern whose coordinated variation is

brain imaging with spatial-temporal complexity analysis of brain activity. We aim | | most strongly aligned with individual differences in cognitive task performance. Importantly, the same network-level
representation provides a cross-scale link between functional dynamics, structural connectivity, cortical microstructure, and

to: transcriptomic gradients. These findings demonstrate that individual cognitive abilities are organized along specific neural
+ Establish an early warning indicator system for AD; network patterns. Stiff Network Modeling provides an integrated framework for understanding individual differences in
* Develop data-driven neuromodulation strategies; largecacale biain ki and dy WIIEE-outifpitrant o AT Bawcrelina

BEE A OZ# 1'3 2 Bj Eﬁ /4 /V'é LN J"_ (A D) Héj‘ ﬁi% 2IRMEM & % Alzheimer's Disease * Verify the effectiveness of neuromodulation strategies. _ T S ’ Vo i i

i) H e

%m@ﬁ%é@ﬁw@%&ﬁm’%L—@m$MEm Brain Imaging |meedEEteman | o progress:

Neuromodulation

Fig. 3 (left) Schematic dlustrations of stiff-sioppy analysis,
egernetwork decomposition, behavior-aligned progection, and
COMParisnn with Comentional predictive models

Fig. 4 (above) Evidence for stif-sloppy properties of brain via
wigennetwork sprctra and PCA

Problem: AD degrades both cognitive function and
cortical geometry (sulci/gyri).

Forward Model: Analyzes how biomechanical

_ parameters influencebrain folding.

"m0 Inverse Model: Uses BPNN + Genetic Algorithm to
analyze the impact of binarization thresholds and the Idennfy_the causes of fold redur_:nol?' .

external field on model fit and biological relevance, Conclusion: Reduced fiber tension is the primary

examining correlations with brain structure measuires driver of geometric degradation, followed by fiber
ke yelination. This persanaiied modeling bridges - -

ok i angle
translational research, offering a powerful framework
to understand individual differences in brain network
organization and funetion. The wark has been accepted
for Publication in Neurolmage.
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BRENRENEREENERE -

node heterogeneity and an optimized, two-stage
Boltzmann learning approach. We systematically

By,

HE/BTEHR

Fig. 5 {Left & Bostom Right): Folding machanisms of the Kim-substrate system.
Fig. 6 {Below] Mechanisms of fold reduction in the system

Fig 1. tsing medel fitting and analysis woeklow, Fig 2. Spatial trends in variability and predictability of lsing model parameters . —

Project relevant works/outcomes:

- Sijia Zhae, Sofia Toniclo, Qian-Yuan Tang et al.. it Tor agng and dementia using the Oxford Cognitive Testing Portal OCTAL, Mpj Digital Medicine (published).

. [Sijia Zhae, Rong Ye. Qian-Yuan Tang et al., Evidence for a distinct domain from 11,243 indivi across health and itive disorders, iomal Psychiatry

Adam Cralg, Sida Chen, Qianyuan Tang, Changsong Zhou® . Personalized whole-brain lsing modets with struct oo ity: optimized data binarization and improved fitting workflow, Mewroimage (published)).

. Christopher Gabaldon, Adri'a Mulere, Rong Wang, Daniel A, Martin, Sabrina Camargo, Qlan-Yuan Tangs Ignacio Cifre, mand Dante R. Chialvo, Communication Biology (under review).

. Sida Chen, Sigi Yang, Zhao Chang, Taro Toyoizumi, werner sommer Lianchun Yu®, Qianyuan Tang® and Changsong Zhou®, Stfl network modeting for brain-beh, ip: revealing behav i ions of larg e birain network.
ing individual di Nature {

Xiaoyi Chen®. Danlei Zhu, Wujian He, et al,, fution of growing fil biological tissues with pre-tension, Journal of the Mechanics and Physics of Solids (Published)

Congshan Liu®, Werxiang Tao, Xinyu Wang, Bin Wu, Kiim_l_lihgn_, Chnofcﬂs Lyu*, Prescribed wrinkling pattern evolution in growing film substrate biological systems by prestrain, Acta Mechanica Sinica, (accepted).

E. Pruchnickl, iaoyi Chen, Y. Gao, V. Ete-nwes: Homoeemxalmﬂ and dimensional reduction for nonlinear multdayered plates including biological growth when the plate thickness and the size of the heterogeneities are not of the same order of

and af.

9 *, Hao Wong, Xinyu Weng, et al., ics-infe ol inverse design for kf { in fiby it brlayers, Materials Tadaycnmmunmonms |amp=edh

10. Mﬂgﬁlﬂhﬂﬂ'.snﬁt'ﬁmc Factional stochastic partial differential equations driven by Levy whi ise, Journol of icol Analysis and 1 review)
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Hierarchical Identification of Sulfur-Fumigated Yam Slices
Using NIRS with Ensemble Learning and 1D-CNN

Leiming Yuan', Yuiman Chan®, Baojun Xu*", Jun Xu*", Furong Zhu'"
1. Department of Physics, Faculty of Science, Hong Kong Baptist University, Hong Kong, China
2. School of Chinese Medicine, Hong Kong Baptist University, Hong Kong, China
3. Food Science and Technology Program, Department of Life Sciences, Beijing Normal-Hong Kong Baptist University, Zhuhai, China
Corresponding authors: baojunxu@dbnbuedu.cn (B, Xu); davidxujunihkbuedu bk (J. Xu):_frzhuihkbu edu bk (F. Zhu)

Highlights Background

Yam slices are a key traditional Chinese medicinal material (CMM), but sulfur
fumigation, widely used for preservation, induces chemical changes that are invisible
to the eye and may endanger health. The Chinese Pharmacopoeia (2025 Edition)
limits SOz residues (<150 mg/kg for most herbs, <400 mg/kg for yam). Conventional
detection methods like acid-base titration are slow and labor-intensive, often
requiring more than two hours per sample.

1) Fresh yam slices were sulfur-fumigated and desulfurized to create samples with
varying sulfur dioxide residues.

2) Neighborhood component analys and | D-CNN dimensionality reduction were
used to process spectral information.

B 5t 3 AL 5 B 4 R R 2%
BATEREZNREM

3) Hierarchical classification was employed for quality-focused categorization of
yam slices.

Near-infrared spectroscopy (NIRS) has improved CMM quality evaluation by
allowing rapid, non-destructive analysis. However, the multicomponent complexity
of CMM makes multi-class classification with NIRS challenging, especially for
distinguishing compliant from non-compliant sulfur-fumigated yam slices. To
overcome this, a hierarchical classification strategy was introduced, applying a
divide-and-conquer approach to break complex tasks into a series of sequential,
refined classifications,

4) Ensemble learning integrated multiple classifiers, significantly improving
hierarchical classification performance.

5) The proposed method achieved 96.84% multi-class accuracy, an 8% increase over
the baseline of 88.88%.

How can healthy CMM
be selected based on
intelligent analysis?

| Spectra of Yam slice(Mon-SF, Ctrl-SF, Over-SF) |

:’ ]

| 1

. | |
» g * *E % g& ?ﬁ' b ﬁ g E ﬂ ?x_‘ " o May be sulfur- : [ sFPrc | [ Monsr | ]
3 Y | ]
EEEEWEA EEEEWES - fumigated (SF) e D S e e T
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| Deeply extract by 1D-CNN |

Fig.1 Visual inspection alone cannot reliably distinguish sulfur-fumigated CMMs

I

]

i |

[ I Ing with LD NN | :
I

I

from non-fumigated ones. |

Second stage of hierarchical classification |

Fig.3 Schematic of the hierarchical classification process for yam slices using NIR
spectral data.

MEREMRERE > HHREMERRAEBSMARE o PEME
B—LEIRARIE c SESMNE SRR (FEEME) R > BRERZ

Chinese Medicinal Materials
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—Eﬁg;ﬂ‘l‘%@ N 1&}5}?1&#&%%” EF'%A%EI%EE"JE)% ° E%B@Jﬂ: ’ EE;EJ'X g Q’ Table 2 Binary classification of yam slicesin ~ Table 3 Binary classification of yam
R - BRR B BEZAM ) BRSNS AR Multispectral Sensor —— et sgeeinee rlessin e secong g o
=< N 7y ~ 7~ " Prediction st Prediction set
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REWAEGEEARESHNRMN > 81F 1) ERERL - sX&KHE Intelligent Algorithm . - o ETh [EYCTam— w::r.l.h
BREEERHEEMETFEMREAEARESINEEYREE Rapid:Measurement E S _ - sin
2 PN et N g e 3 .‘i '\m:.i m:?‘ :: s ID-CHN++ ANN 11
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Ape NE = N & e e N gl Hard voting ensemible 190,21, 700 Hard voting Enseable
MESHEREARUMIINRERTERE  BABBZERAT Y e e
s so o =1 2ap - \ - d " Ty me e Soft voting ensemble 152.0:21 680 Soft voting Emsessble  [330.1; 23,345
%: JIS-J\E 7£ 4 gﬂi%ﬁiﬁ:&l E%ﬂ]*ﬁ Eg EI‘J#EI:?-& Ejél"*u %E'fﬁ :%x ’ %?U 1E| ,§\ Fig.2 Preparation of sulfur-fumigated yam slices and collection of their spectral data.

First stage of hierarchical classification Second stage of Kierar

Bé '%E -E'ﬂ i E EI\] 3& % )3 ) H§ ¥T'|- % E 5'% %D E’\J 1E§ E 12'% % g 'LX IE iE *7% Z'K % Table 1 Classification process for NIR spectral data of sulfur-fumigated yam slices.
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“ull 5 1/ % 2 3
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NCA spectral selection :;: ::2: :T:: TR S oroe Second Fi-score = 96,57%
NB ss.53 338 Predicted lable  First Fi-score = 99.65% The final F1-score = 95.84%

Fig.5 Confusion matrix illustrating the performance of the proposed hierarchical
classification model.

Note: NCA: neighborhood component analysis; LDA: linear discriminant analysis; SVM: support vector

machine; ANN: artificial neural network; KNN: k-nearest neighbors; NB: naive bayes;

onclusion
i

hierarchical chemometric classif i (HCC) framework, integrating
The results ind.icmc lhal_ direct three-class classification yic_]dcd suhoptimai portable NIRS, NCA variable selection, ensemble learning, and 1D-CNN
performance, with a maximum accuracy of 91.12%. LDA achieved the highest feature extraction, was developed for non-destructive identification of sulfur-

16

accuracy among tested models. Z-score preprocessing improved training
accuracy of LDA by 0.7% but did not affect prediction accuracy. Applying
NCA for dimensionality reduction further increased training accuracy of LDA
to 95.4%, with a slight improvement in prediction accuracy to 91.12%,

fumigated yam slices. By decomposing the three-class problem into sequential
binary classifications, the approach effectively addressed spectral overlaps.,
achieving 96.84% accuracy, an 8% improvement over conventional multi-class
models, with the best SVM model achieving only 88.88%.
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Milano Cortina Living Lab: From Olympic Deployment to Global Athlete Intelligence Al-driven monitoring of

athlete health and performance across Olympic cycles

C. Papamichalopoulos’, Q. Yang', D. Obratov', B. Quach’, T. Lei Shi? X. Li?, Y. P. Pitsiladis®

' Centre for Exercise Science and Medicine (CESAME), Hong Kong Baptist University

ZENPU-E(&United IntErna_tiongl C_oIIEg_e _(UIE)_, Ehyhii, Gt@n_gdong_, Ehinia

BACKGROUND + OBJECTIVE

Artificial intelligence and wearable technologies are
transforming sport through real-time monitoring of
physiological,  biomechanical, and  environmental
responses. However, current approaches remain
fragmented and frequently rely on single-sensor systems,
limiting their ability to capture the complex and dynamic
nature of athlete exposure in real-world competition
(Muniz-Pardos et al., 2021). Research in Olympic and
elite sport demonstrates that athlete health and
performance are determined by the interaction of
environmental conditions, biomechanical loading, and
physiological responses. This requires integrated, multi-
sensor systems capable of continuous operation in field
settings (Racinais et al., 2023).

To develop and implement Al-driven, multi-sensor
technologies for real-time monitoring of physiological,
biomechanical, and environmental responses in elite
athletes, enabling integrated understanding of athlete
health, safety, and performance and supporting the
development of predictive, athlete-centred monitoring
systems. This work represents the early phase of a
continuous Olympic research programme progressing
from the National Games (2025) and Milano Cortina
Olympic and Paralympic Games (2026) towards full
implementation at the Los Angeles Olympic Games
(2028).

MILANO CORTINA

Environmental monitoring across Olympic  venues
demonstrated  substantial  spatial and  temporal
variability, confirming that athletes compete within
dynamic microclimates rather than uniform conditions
(Racinais et al., 2023). Biomechanical monitoring
revealed continuous and structured mechanical loading
patterns  in  elite sport, including in non-contact
disciplines. These findings demonstrate the feasibility
of integrated monitoring at Olympic scale and identify
areas for further development.

KEY INSIGHT
Athlete performance and safety emerge from the
interaction of envir ntal, biomechanical, and
physiological systems and cannot be understood
through isolated measurements alone (Muniz-Pardos et
al., 2021).

IMPLEMENTATION PATHWAY

A structured, multi-event deployment pathway was
designed to develop, test, and refine our integrated
monitoring  systems across  diverse  elite  sport
environments. The National Games of China (2025)
provided an initial platform for implementation and
validation and continued with the Milano Cortina
Olympic Games (2026). We are now expanding to other
major international competitions, including the Youth
Olympic Games in Dakar (2026) and the World Cup
Triathlon in Hong Kong (2026), enabling further
evaluation across different climates, sporting disciplines,
and logistical contexts. Subsequent deployments across
additional global events will support continuous system
refinement, scalability, and data integration.

Road to LA2028 via Tokyo2020

-
i ‘."“' Wit cu the kay best eventy?

Wihat e the deitversdiel for
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Figure 2 — Global Implementation Pathway
Deployment trajectory across international events from National
Games and Milano Cortina 2026 to Los Angeles 2028,

Figure 1 — Real-time Biometric Ecosystem

Integrated system combining wearable sensors, environmental
monitoring, and Al-driven analytics for continuous athlete
assessment.

10C QUOTE
“While it is too early to take individual decisions
regarding a potential risk of exertional heat stroke
based on portable technology alone... such technology
may help better characterise overall risk associated
with an event. However, individual use must be
carefully regulated.”
(Racinais et al., 2023)

This highlights the need for integrated, large-scale
datasets combining multiple dimensions of athlete
monitoring.

INTEGRATED SYSTEM
The project integrates wearable physiological sensors,
biomechanical monitoring, environmental intelligence,
and Al-driven analytics into a unified platform
enabling continuous, real-time assessment of athlete
health and performance in competition environments
(Muniz-Pardos et al., 2021).

P -

Figure 3 — Biomechanical Monitoring in Elite Sport

EXTENSION ACROSS SPORTS

The system has been applied across multiple sport
environments to establish generalisability. In endurance
sport, integrated environmental and physiological
monitoring  during  elite  triathlon  competition
demonstrates the combined influence of heat stress and
biomechanical load on performance (James et al,
2025). In combat sport, instrumented mouthguards
quantify linear and rotational head acceleration,
enabling objective assessment of repetitive head impact
exposure (Yang et al., 2026). In indoor sport, in-shoe
wearable sensors applied during elite basketball
competition demonstrate preserved movement intensity
and load across playing surfaces, despite increased
deceleration demands and perceived slipping, without
measurable reduction in performance. These findings
demonstrate that athlete exposure is continuous,
structured, and sport-specific across environments.

WIT 1= right hook HIT 2 left straight
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Figure 4 — lmpnct Monitoring in Boxing

Example of continuous biomechanical data capture d ating
structured athlete loading during high-performance competition
(i.c.. winter sliding sport - Luge).

Instr b ds capturing linear and rotational hLad

LIVING LAB
Following Milano Cortina, the project operates as a
continuous living laboratory supporting longitudinal
data collection, multi-sport validation, and progressive
development of predictive models.

This represents an evolving system across Olympic
cycles rather than a completed study.

IMPACT + FUTURE
This work supports athlete safety, performance
optimisation, and evidence-based decision-making in
elite sport. Ongoing deployments across Dakar, Hong
Kong, and additional global events will expand
datasets and refine predictive models toward full
implementation at the Los Angeles Olympic Games

2028,

CONCLUSION

This project represents the early phase of a long-term
Olympic research programme, advancing toward
integrated, Al-driven systems capturing environmental,
physiological, and biomechanical interactions in elite
sport. Milano Cortina demonstrates  real-world
feasibility while highlighting the need for continued
development. The next phase will expand to Dakar and
Hong Kong, enabling further refinement across
environments and sports.

This progression supports integrated datasets and
predictive  models, culminating in  full-scale
implementation at the Los Angeles Olympic Games

2028.
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HKBU and BNBU researchers spotlight regional
collaboration and talent at symposium
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1 Hong Kong Baptist University (HKBU) held a major symposium on Tuesday to showcase the Gue,
| @ |  Hong Kong Universities '1+1+1' Joint Research Collaboration Scheme, drawing attention to cutting
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developments in data science and artificial intelligence.
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Guangdeng Province, HKBL, and Beijing Normal-Hong Kong Baptist University (BNBLT), has secs .
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