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1. Background
PPG는 HR, RR, SpO₂ 추정에 활용
운동 중 Motion Artifact → waveform 왜곡 

2. Research Motivation
Traditional MA Removal: 높은 연산 복잡도로 임베디드/웨어러블 적용 불리
Existing Deep Learning: 단순 심박수 추정에 치중(End-to-End 수치 예측 위주)
Existing GAN / Attention: Motion Reference 활용 부재 

Introduction

Keywords: photoplethysmography(PPG), generative adversarial network(GAN), motion artefacts(MAs),
attention mechanism, opto-physiological monitoring

02 운동 환경에서 PPG 신호의 Motion Artifact 제거 필요성
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Methods03

목표: 동잡음이 포함된 PPG를 깨끗한 PPG waveform으로 복원

AM-GAN: Attention-mechanism-based Generative Adversarial Network

Generator
PPG+ACC →Generator→Denoised PPG​

Motion Removal algorithm
 during training

Discriminator
Generated PPG↔Reference PPG​
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Methods03

목표: 동잡음이 포함된 PPG를 깨끗한 PPG waveform으로 변환하는 것

AM-GAN: Attention-mechanism-based Generative Adversarial Network

Generator backbone: U-Net (1D)

 signal-to-signal reconstruction

Skip Connection
low-level feature
central bottleneck
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Methods03 AM-GAN: Attention-mechanism-based Generative Adversarial Network

U-Net에 noisy PPG만 넣으면 모델은 PPG 안에서
‘이 부분이 실제 심박 성분인지, 아니면 Motion Artifact인지’ 스스로 구분하기 어려움.

motion-related signal
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Methods03 AM-GAN: Attention-mechanism-based Generative Adversarial Network

 ‘PPG feature 중에서 ACC의 움직임 정보와 가장 관련 있는 부분이 어디인가?’

Cross-Attention

 Multi-Head Attention
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AM-GAN: Attention-mechanism-based Generative Adversarial Network

Reference PPG, p = s + n
p: noisy PPG
s:  clean PPG
n: Motion Artifact

3축 ACC와 ACC를 적분한 velocity
motion subspace를 만들고, PPG에서 그 공간과 관련된 성분을 Motion Artifact로 추정

Methods03

‘어떤 PPG가 깨끗한 PPG인가?’

Motion Removal algorithm (during training)

9Cross-AttentionMotion Removal algorithm



Methods03 AM-GAN: Attention-mechanism-based Generative Adversarial Network

Discriminator: Generated PPG↔Reference PPG​
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1. MSE: reference PPG와 실제 sample 값이 비슷하도록 학습
2. Adversarial learning: 생성된 PPG가 reference PPG와 유사한 signal characteristics를 갖도록 학습

Methods03 AM-GAN: Attention-mechanism-based Generative Adversarial Network
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Methods03 AM-GAN: Attention-mechanism-based Generative Adversarial Network
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Methods03 AM-GAN: Attention-mechanism-based Generative Adversarial Network
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Results04
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시간 영역에서의 PPG 파형 복원 시각화 결과

Input noisy PPG
Reference PPG
Generated PPG
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심박수(HR) 추정 성능 평가 — Bland–Altman 및 Pearson 상관분석



Results04
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호흡수(RR) 추정 성능 평가 — Bland–Altman 및 Pearson 상관분석
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산소 농도별 사이클링 운동에서의 SpO₂ 추정 결과
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PPG 잡음 제거 방법별 시간·주파수 영역 비교

(a,b) Raw PPG + ACC
(c,d) PPG-GAN
(e,f) MR Algorithm
(g,h) AM-GAN
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AM-GAN Attention Map 시각화

원시 신호 위에 겹쳐진 어텐션 맵 최종 재건된 깨끗한 PPG

주황 부분: 노이즈 있는 영역 왜곡
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