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Research Overview

Open-Source Profiling Platform

Creating the open-source platform
OpenSpectro for spectroscopic
profiling can:

e Systematically map molecular

Wave I e n g t h S e I e Ctl O n fO r Spectroscopic analysis is essential for identifying optical-based molecular signatures—distinct patterns observed across various wavelengths. Understanding these signatures provides critical
insights for designing wearable health-monitoring devices. In particular, constructing three-dimensional (3D) spectroscopic graphs of molecular spectra enables the optimization of multi-

m u Itl 'Wave I e n gth P P G Se n SO rS . wavelength photoplethysmography (PPG) sensors, improving their accuracy and performance. However, no prior work has systematically mapped spectroscopic signatures to optimize

wavelength combinations, slowing advancements in multi-wavelength PPG sensor deployment. To address this gap, we introduce OpenSpectro, an open-source spectroscopic profiling

B Abstract

platform for visualizing and sharing molecular spectral data, particularly human physiological biomarkers. OpenSpectro features a preliminary spectroscopic database containing 17 biomarkers
and a spectral attention optimization model that identifies customized wavelength attention weights for each biomarker.

e Improve wearable

h e a I th - m O n I tO rl n g a CC U ra Cy U S | n g 3D Visualization Wavelength Optimization Collaborative Platform
. . Interactive 3D molecular signature analysis with real- Multi-PPG wavelength optimization given target Share and compare spectroscopic profiles with
C u Sto m | Ze d W ave I e n g t h atte n tl O n time manipulation biomarker signature researchers worldwide

weights for 17 key biomarkers.
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Wavelength Optimization Detection Effectiveness (DE)

A. 2D Spectroscopic Optimization M A
| Target m=1W(i,m)(i,m)
- Input: A € RV*M (Rows = Biomarkers, columns = absorbance across wavelengths) | | DE(W;) = —
| , y v Interference YN YM A
- Attention vector (weights per wavelength): wW; = (w(i,l), T M)) e [0,1] J;l m=1 " (i,m)*3(j,m)
JFl
- Objective function: Samplg
M . M a > 0: emphasize target biomarker e Quantify alignment between attention weights and e
['z(w) = Z W(;,m) A(i,m) - B Z Z W(;,m) A(j,m) p g . k
~ g e . . . target biomarker absorbance.
" IS m B > 0: penalize overlap with others
- Optimization goal: e Minimize spectral overlap with non-target
A% Li(w) biomarkers for better sensing specificity.
W','E[O,I]MP .
' . « e .. ID | Biomarker Name Target | Interference | DE
B. 3D Spectroscopic Optimization 7 Bilirubin 553 13 60 0.39
- Input: S € RV*MixM; (excitation x detection wavelengths) 2 | C-Reactive Protein 248 41.90 0.38
3 Collagen 1.25 21.10 0.27
- Attention matrix: W, € [0, 1] <M 4 | Creatinine 1.43 24.21 0.29
Obiective f P 5 Ghrelin 0.00 0.00 NA
~ Qejeetive lunciion: 6 | Glucose 5.11 $6.39 0.55
M, M, N M, M, 7 HDL 2.07 35.08 0.35
LW)=0a) ¥ WiunSiun) — B> Y Wi Sium 8 | Hemoglobin A, 4.15 70.00 0.50
u=1 v=1 j=1 u=1 v=1 9 Hemoglobin Human 6.41 108.2 0.62
ST f d ng b f h 4 disernSnas 10 | Human Leptin 2.46 41.65 0.38
ncorporates tluorescence and absorbance for enhanced discrimination.| | 77 T Tusulin 106 1794 075
C. Kev Notes: 12 | Melatonin 1.82 30.76 0.33 .
4 I3 | Sodium Lactate 3.57 60.32 0.46 GitHub
- a, f} are tunable hyperparameters 14 | Tryptophan 3.50 59.32 0.45
o , , 15 Tyrosine 0.72 12.22 0.21 , ,
- Optimization performed under constraints: w € [O, 1] 16 U}Il'ea 0.90 1512 073 Find rvnvziseofrzséav:gﬁﬁgt (;[ilge lab website:
- Results guide multi-wavelength sensor design 17 | VLDL 7.84 89.61 0.83 ' |
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