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Abstract

Objectives : This technical report describes a distributed messaging-based integrated
database that links acupoint stimulation parameters with diagnostic biosignals in Korean
medicine. Its aim is to support the quantification of stimulus—response relationships.

Methods : The system records biosignals before, during, and after treatment, including
deep-tissue microcirculation, thermal and respiratory signals, skin impedance, and
electromyography. Stimulation parameters were defined by modality and acupoint code.
Apache Kafka was used to decouple device producers from data consumers.
Time-series data were stored in MongoDB and metadata in MariaDB, and a web system
was built for real-time monitoring and retrieval. At ingestion, records were sorted by
patient identifier, session identifier, and measurement timestamp. Data flow was tested
with simulated data.

Results : With four devices and three consumers, the publish—subscribe structure
reduced the number of connections from twelve to seven. The web system supports
standardized queries and data extraction for analysis.

Conclusion : The system provides infrastructure for accumulating paired stimulation
and biosignal data for future Al-based research on personalized diagnosis and
treatment. Signal-quality checks are not fixed in the system, because the appropriate
checks depend on the analytical purpose.
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Fig. 1. Configuration and data flow of the integrated acupoint stimulation and diagnostic
system. While laser (660 and 830 nm), electrical, and vibration stimulation are applied to
the subject, microcirculation, impedance and EMG, and vital signs are measured
simultaneously. All data are sent to the big data server and monitored in real time
through interlinked MCU- and AR-based HMIs.
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Fig. 2. Data acquisition architecture based on distributed messaging (Apache Kafka). The
acupoint stimulation device and measurement devices (microcirculation, thermal imaging
and respiration, and impedance and EMG) publish data to Kafka. Large time-series and
unstructured data are stored in MongoDB, and structured user, device, and patient data
in MariaDB. The web server processes the incoming data, and the HMI displays it in real
time.
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Fig. 3. Connection structures between devices and data consumers. (a) Point-to-point
connection method requiring 12 connections (4 devices X 3 consumers); (b) Kafka publish-
subscribe method requiring 7 connections (4 devices + 3 consumers).
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Table 1. Standard data items collected from each device

Device function

Collected data items

Deep-tissue ) )
microcirculation diagnosis

Heart rate, blood flow velocity, pulsatility index (PI), resistive
index (RI), blood flow volume

Biosignal and thermal
imaging measurement

Heart rate, respiratory rate, body temperature, thermal
images

Microneedle-based
measurement

Electrical impedance at the measurement site,
electromyography (EMG), electrodermal response indice

Multimodal stimulation
control

Stimulation type (laser/electrical/vibration), stimulation
conditions and application history, device status logs
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Fig. 4. Database schema of the multimodal stimulation device system, organized around
user, device, and patient entities. (a) Entity-relationship (ER) diagram of the user,
treatment, medical device, and patient tables: (b) treatment table.
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Table 2. Examples of key items in the database definition document

Category

Data item

Unit

Patient metadata

Subject ID, age, sex, measurement date
and time

Anonymized code, years, M/F,
yyyy-MM-dd HH:mm:ss

Vital signs

Heart rate, respiratory rate, body
temperature, thermal image

bpm, breaths/min, °C, image
(Base64-encoded)

Microcirculation
indices

Heart rate, blood flow velocity,
pulsatility index, resistive index, blood
flow volume

bpm, cm/s, dimensionless,
dimensionless, mL/min

Impedance and
skin response

Electrical impedance, electrodermal
response

Q, uS

ig\i?:elatlon Treatment time, frequency, output s, Hz, mW (laser), mA (electrical),
parameters power/voltage/intensity level (vibration)
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Fig. 5. Layout of the web-based real-time biosignal monitoring screen (example screen
displaying arbitrary values, not actual participant data). @ Waiting list and patient
area; @ acupoint chart area: @ chief complaint, improvement, and KCD area: @
measurement and device control area: ® medical history and bundled prescription

area; ® findings and daily chart area.
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Fig. 6. Pre- and post-treatment comparison and session-by-session trend analysis
screens of the web system (example screens displaying arbitrary values, not
actual participant data). (a) Pre- and post-treatment comparison screen: (b)
session-by-session trend analysis screen.
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Table 3. Database field definitions for patient metadata, biosignals, and stimulation device

parameters
TE GIolE &= el g ClolEl Ere) 49 Ol AIGI Ol E
Subject ID Anonymized code MetaSubjectiD String | HaEl okt ID SUBJ_001
Age Years Age Number Lol 32
Gender M/F Gender String CE! M
Measurement date |yyyy-MM-dd hh:mm:ss| Measurement_data|  String e 2025-08-29: 10:32:15
Contact Hapt= Contact String A2y 010-1234-1234
SEXHOH|EFE| O] Ef Name Name Name String cE 823
(Patient meta data) Birth_date YYYY-MM-DD Birth_date String Ay 1991-01-05
Height Cm Height Number A 170
Weight Kg Weight Number =574 70
Diagnosis = Diagnosis String g 8Fs
TreatmentCount 3| Treatment_Count Number SR} K| = 3l 2
Device ID / Firmware Code DevicelD/Firmware String 77| M Gl HE HE XREAL_v2.1.3
Heart Rate BPM Heart_rate Number A== (bpm) 76
P Respiratory Rate 2/ Respiratory Rate | Number zE5 18
(V?:al Signs) Temperature S Temperature Number = 36.8
Thermal Image 1 Base64 Thermal_img1 base64 &4l Atat 0|0]X] 1 (base64..)
Thermal Image 2 Base64 Thermal_img?2 base64 &4l Hal o|0]%| 2 (base64..)
Heart Rate BPM HeartRate Number 8k (bpm) 78
Blood Flow Velocity cm/s BloodFlowVelocity Number 2 £ (cm/s) 8.5
Pulsatility Index - Rulsatilitylndex Number S X< (Pl) 1.2
E."*"%E“"._* Resistance Index - Resistancelndex Number A& X|== (RI) 0.8
(Microcirculation)
Blood Volume mL/min Blood_volume Number HE2 (ml/min) 120
aplLocallmpedance Q Aplocallmpedance | Number Y59 Fo| JuEHA 550
apSkinConductance Ms ApkkinConductance| Number o5 M7\89h8 X| & 7.2
Treatment Time Sec Treatment_time Integer K& AIZH(E B9 300
X|27|7| - RED Laser Frequency Hz Frequency Float 0| x| ZEAL o= 10
Output Power mwW Output_power Float 20| =3 / opE & ®wI| 50
Treatment Time Sec Treatment_time Integer X2 AIZH (= TRl 300
X27|7] - IR Laser Frequency Hz Frequency Float O X AL b 20
Output Power mw Output_power Float 4io|X =2y ot Fe ®7| 80
Treatment Time Sec Treatment_Time Integer A2 AIZH(E Bl 600
X|27|7| - Electric Frequency Hz Frequency Float A= Fabs/ HAZ 1A 50
Voltage v Voltage Float I A= HY 12
X12717] - Vibration Treatment- Time sec Treatment-j'lme Integer K& AlZt __ 180
Intensity Lv (EHA) Intensity Integer |El& Z= (BHAIZH/ZF ZEE Tt BY| 3

Note. Fields are grouped into patient metadata, vital signs, microcirculation indices, and stimulation
parameters for each treatment modality (red laser, infrared laser, electrical, and vibration
stimulation). For each field, the table lists the data item, unit, variable name, data type, description,
and an example value. All records from the stimulation and measurement devices are linked by a
single anonymized subject identifier (MetaSubjectID). Thermal images are stored as Base64-encoded
strings. Example values are arbitrary and do not represent actual participant data.

Table 4. Results of data loading tests with simulated data in the development environment

thermal images

approx. 19 MB/s)

Test Tvpe Condition Result
General message | 10,000 messages 79 s (approx. 127 messages/s)
ingestion
Ingestion including | 300 thermal images (789 KB each) 12.5 s (approx. 24 messages/s,

Latency

under

normal load

indices at 10/s

Thermal images at 2/s + blood flow

0.08-0.11 s (max. 0.45 s)

Latency under burst | 300 thermal images (published | Median 5.4 s (max. 10.2 s)
load within 2.2 s)
v. nx

2 AP A A= 2 T AR RS LS ID-AIECR A= & Ul
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