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ECG vs.	PPG — Pros	and	Cons
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Clinical	Gold	Standard
Rich	Knowledge	Base

Rapid	Growth of	Wearable	Tech

Limited	Knowledge	Base

User-friendly and	CheaperUser-unfriendly

ECG PPG



1.	Infer	ECG	from	clean PPG?	
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ECG	from	PPG	— Benefits and	Research	Problems
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Two	major	research	problems:

2.	Clean	up	noisy PPG	due	to	movement	etc.?
- Leverage	multiple	sensors	(e.g.,	accelerometers)

Fundamental
&	our	focus
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A	System	Model	from	ECG	to	PPG
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Combine	(a)	and (b)	with	model	+	data	supported	learning

PPG	to	ECG:	Methodology	At-a-Glance
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(a)

PPG ECG

PPG	to	ECG:	Methodology	At-a-Glance	(cont.)
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Model	in	freq.	domain
Linear	transform	𝐅
- 𝐿%:	#	PPG	freq.	Coeffi.
- 𝐿&:	#	ECG	freq.	Coeffi.
- 𝑁:		#	time	indices

:

Combine	(a)	
and (b)	with	
model	and	
data	learning
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𝐘()*+, ∈ ℝ/0×2𝐗()*+, ∈ ℝ/3×2

𝐅4 = argmin
𝐅
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>

A	linear	transform	𝑓 learned	by	ridge	regression

Freq.	domain

A	Cycle-based	Learning	Framework
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Capnobase TBME-RR	(by	UBC,	publicly	available)	[1]
§ http://part.cfri.ca (UBC	Pediatric	Anesthesia	Research)
§ 29	Children	(0.8-16.5	yr,	median	8.7),	13	adults	(26.2-75.6	yr,	median	52.4)
§ 300Hz	ECG,	100Hz	PPG

Mini-MIMIC	(selected	data	from	MIT	MIMIC	III	database	[2])	
§ ICU	data	with	various	cardio	patients	and	non-cardio	ones

Two	Datasets	for	System	Evaluation
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• Capnobase TBME-RR	(by	UBC,	
publicly	available)	[1]
§ 29	Children,	13	adults
§ 300Hz	ECG,	100Hz	PPG

• Training	Types
§ Sub.	Dep.	 (SD):
Train	and	Test	on	each	subject		

§ Sub.	Indep.	(SI)	:	
Train	and	Test	over	the	dataset

Dataset	1— Capnobase TBME-RR
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(a) 
ECG
(SI)

(b) 
ECG
(SD)

(d) 
PPG

(c) 

• One	example	
4	years	old,	18	kg

• Pearson’s	
correlation	coeff.	
SD:	0.991
SI:		0.883

Time (secs)

Subject	Dependent	(SD)	vs.	Independent	(SI)	Model
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rRMSE =
𝒚 − 𝒚G >
𝒚 >

𝜌 =
𝒚 − 𝑦J K(𝒚G − 𝑦MJ)
𝒚 − 𝑦J > 𝒚G − 𝑦MJ >

Two	Evaluation	Metrics
- Relative	Root	Mean	Square	Error

- Pearson’s	Correlation	Coefficient

Average SD SI
rRMSE 0.17 0.42
𝜌 0.98 0.91

Quantitative	Results
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Selected	PPG	and	ECG	
data	from	MIMIC	III	
database	[2]
• 50	Cardiac	Patients	
• 53	Non-cardiac	Patients

< 20

[20
, 4

0)

[40
, 6

0)

[60
, 8

0)  80

Age (year)

0

5

10

15

20

25

N
um

be
r o

f s
ub

je
ct

s

BHI’19,	5/20/19,	Chicago,	ILQ.	Zhu,	X.	Tian,	C-W.	Wong,	and	M.	Wu:	ECG	Reconstruction	via	PPG 12

Dataset	2:	Mini-MIMIC	III
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Prelim	Result:	Cardio	Disease	Classification

Confusion	matrices	&	classification	accuracy	of	SVM	(w/	polynomial	kernel)	on	…

Ori.	ECG	(ref.)		 Recon.	ECG	(Proposed)	 Ori.	PPG

Accuracy: 99.6% 99.3% 76.6%
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• Combine	physio.	model	with	bio-insight	and	data	

• Encourage	accuracy	of	ECG	reconstruction	tested	on	
two	public	datasets

• Facilitate	explainable	AI	on	cardio-related	wearables

• Leverage	rich	ECG	knowledge	base

• Support	public	health	in	the	big	picture
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Summary	and	Conclusion
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