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Full-spectrum photoplethysmography; micro-spectroscopy chip; neural network;
biomedical signal measurement
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St BB FE i 52 B % (Photoplethysmography, PPG)E i E B ZEE BN OE, MER
BIMERERASZE , EFR , ASEXRIE L I FEAERARPPGEAHE R (A
mER, mENEE 6 AEFHEEREAMEESTM , tRERHMALEES AR
HeEEHE , flo: 9 m3kETE. ATmIkEE. mix, mhks. FHOnkasE
IO mMBROMARE, FEAOKRMAREE., /MMRETEE , HEEMEDRR
HE, BENPPGEAIRMAZEIRE[MBER TH RS K EEHEFENER

, ERARTRKERZPPGRAIAGKE AIZFEETEAMNEEHEMRELEMERTEE
BIMENER , ZRERPPG (Multi-wavelength PPG, MW-PPG) BRI TE F 3R E
HEEE, WRAERTETTERENTE, NMREAZREPPGHE F i
£ fi 2 % B PPG(All-wavelength, AW-PPG) A SR RETF IR R S EPPGRASAEE
mMAEADES BMIRFTE, ALmIXFTE, MR, mEE, FHmMKRIE, 19
AmIkmiTRE, FHOAOKNTREE, MR, MEEZENEBER , Hi§
SE-HEAARHAZERE, At , FFEREEFEREBERZE 2PPGEA
i, BERER/DBSEEERAW-PPGRAIRKM , MIREH—ERZFEA.
FERANX., ZEEBEA(Bio-matrix) WERIEE,

SRR

Photoplethysmography (PPG) is currently the mainstream method for wearable
devices to measure heart rate and blood oxygen levels. In recent years, although
some literature has pointed out that non-invasive PPG signals can be used to
estimate blood pressure and glucose values, their accuracy and practicality are
still to be evaluated, and they do not provide other important data on blood
physiology, such as white blood cell count, red blood cell count, hemoglobin,
blood volume, mean corpuscular volume, mean corpuscular hemoglobin, mean
corpuscular hemoglobin concentration, platelet count, etc., the correlation is still
unknown. In the past, PPG measurement techniques have largely focused on the
relationship between the intensity of reflected light and time at a particular
wavelength, but since PPG sensing signals at different wavelengths can
penetrate different depths of skin tissue to obtain different dimensions of
measurement, multi-wavelength PPG (MW-PPG) sensing technology has
gradually gained attention in recent years, and it is also the main axis of
development in our laboratory. If we can use multi-wavelength PPG or even more
advanced all-wavelength PPG (AW-PPG) signals to explore the relationship
between multi-dimensional PPG signals and important blood information such as
white blood cell count, red blood cell count, hemoglobin, blood volume, mean
corpuscular volume, mean corpuscular hemoglobin, mean corpuscular
hemoglobin concentration, platelet count, blood sugar, etc. It will be a major
research and development breakthrough. Therefore, this project plans to refine
the PPG sensing technology developed by our laboratory in the past, to realize a
small volume and high sampling frequency AW-PPG sensing technology, to
develop a portable, non-invasive, easy-to-use and various physiological
information blood parameter measurement device, and to explore the relationship
between blood parameters and AW-PPG signals.
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Objective 1: Engineer features from non-invasive Objective 2: Develop personalized glucose
systems definitions.
Study Sensor Placement
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D\e\,’Nu[rmun Circadian Rhythm Biological Sex
Activity/Exercise HbAlc

Stress

Objective 3: Classify glucose excursions using O!Jjectlvett. Build prledlchve mndelslof glucose
. using both a population approach with LOPOCV
engineered features. .
and a personalized approach.

%] Normal Glucose  84.3% accuracy ¢ mﬁ] ﬁ ¢ *@ *@
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84.5% precision
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Using the developed MW-PPG sensor as the sensing device

Chapscale size
Low<ost
Synchronous sampling

SN S

Massive multiple channels

x MW-PPG
The developed signals
MW-PPG sensor

< Broad-band *,
light sources

Relative
intensity

Time (sec.)
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Figure 5. Light source specs and configuration.
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TMU-Joint Institutional Review Board
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The TMU-Joint Institutional Review Board performs its funclions according to wrilten
operating procedures and complies with GCP and with the applicable regulalory requirements.
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TMU-JIRB Form076/20200317

Taipei Medical University
Certificate of TMU-JIRB Approval

Issue Date: 2022/06/04
TMU-JIRB No.: N202204078

Protocol Title:

The clinical application of photoplethysmography on wearable devices in the measurement of rhythm, oxy

genation, and blood pressure

Principal Investigator: Po Wen, Lu

CO- Investigator: Chang cheng-chun, Ming-Yao Chen, Chu-Lin Chou

Study Member: Xiang Jun, Zhang

Study Site:TMU-Shuang-Ho Hospital, TMU-Hsin Kuo Min Hospital, TMU-Shuang-Ho
Hospital,National Taipei University of Technology

Protocol Version/Date:Version 2 / 2022/04/28

Informed Consent Forms:Version 5.0 / 20220528

Casc Report Forms:Ver 2.0 / 20220428

The above study will be approve by expedited review process of the TMU-Joint Institutional
Review Board in meeting #111-06-1(date:2022/06/07), duration of validity is from 2022/06/04 to
2023/06/03, and must be monitored by TMU-JIRB.

According to Ministry of Health and Welfare and the relevant regulations, follow-up procedures

and requirements are as below:

1. Continuing Report: Continuous report frequency is every 12 months. The report shuould be
submitted in 2 months before the end of validity (2023-04-03). The trial/study cannot going if
the continuous report not approve yet.

2. Final Report: The report should be submitted when the trial/study complete. TMU-JIRB will
withdraw the approval of this trial/study if the report is not submitted final report within three
months from the date of validity of this trial/study. Also, suspend principal investigator's right
of new trial/study application in accordance with TMU-JIRB SOP for three months.

3. Serious Adverse Events(SAE) Report: The investigator is required to report in accordance with
"Regulations for Good Clinical Practice" and "Procedures for Reporting Serious Adverse Drug

Reaction".
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