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Electrocardiograph (ECG)

Nobel Prize in
Physiology or
Medicine in 1924

Puorocrari or A CoMPLETE ELECTROCARDIOGRAPH, SHOWING THE MANNER IN WHICH THE ELECTRODES ARE
AtracHED TO THE PATIENT, IN Tits Case mne Haxps axNp Oxe Feor BEING IMMEESED IN JARS oF
SAaLT SoLuTioN
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In 1901, Rontgen became the
first recipient of the Nobel
Prize in Physics
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computer -assisted tomography (CT)
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0= 1979 Nobel Prize in

— Physiology or Medicine was

awarded jointly to Allan M.
Cormack and Godfrey N.
Hounsfield for the
development of computer- 90*scan
assisted tomography

s9\

15t scan
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Sir Godfrey Hounsfield (Nobel prize 1979)

2003 Nobel Prize in Physiology or
Medicine was awarded jointly to
American  chemist Paul C.
Lauterbur and British physicist Sir
Peter Manstfield for their pioneering
discoveries concerning MRI
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Sleep stages

In stage 1 we
experience a

light transitional

sleep. This is
where

drowsiness and

sleep begin.

=

REM sleep
revitalizes the
memory. In this

stage brain
activity is very

high and
intense
dreaming is
likely to occur.

In stage 2 more
stable sleep
occurs.
Chemicals
produced in the
brain block the
senses making
it difficult to be
woken.

90-120 .
Minutes | Stage2

Stage 3 is deep sleep.

Growth hormone is
released during this
stage. Most stage 3
sleep occurs in the

Stage 3

first third of the night.

Stages of a Normal Sleep Cycle

L

Awake
REM Sleep
nREM Stage 1

nREM Stage 2

nREM Stage 3
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G’ain activity is high,
most similar to
being awake
and

dreaming
occurs

REM

SLEEP =
d
90 =120 mins

STAGES \_
3&4

Transition
between light
and deep sleep,

STAGE 1

STAGE 2

slow high heart rate slows,
@plitude delta waves breathing very regular

Light sleep, feeling
very drowsy

Stable sleep,
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Accuracy

[1] W. . D. Scherz, D. Fritz, O. R. Velicu, R. Seepold kot N. M. Madrid, «Heart rate spectrum
analysis for sleep,» ap. 26, 2017

https://link.springer.com/article/10.1186/s13639-017-0072-Z

* 41,3% accuracy (only from RR intervals)

* Polysomnography measures 11 parameters
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https://link.springer.com/article/10.1186/s13639-017-0072-z
https://link.springer.com/article/10.1186/s13639-017-0072-z
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e detection
heart rate

aru Mimura.
1atics journal

020): 376-387.

Mitsukura, Ya
"Sleep stage d

https://journa


https://journals.sagepub.com/doi/pdf/10.1177/1460458219827349

Sleep stage detection using only heart rate

A new easy model for monitoring the sleep stages is built on only heart
rate calculated by the electrocardiogram.

This enabled us to easily assess the sleep quality based on five stages.
This experiment included a total of 50 subjects.

The overall accuracy in determining the five sleep stages was 66.0
percent.
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power spectral density (PSD)
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LF, HF, VLF, and LF:HF features
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classification

e Recurrent neural network (RNN)
e Hidden Markov model (HMM)
e Neural network (NN)

e Support vector machine (SVM)
e Random forest (RF)

Leave-one-out cross validation with one subject as the test

data and the remaining subjects as the training data was
performed to evaluate the classifier
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Results

Table 3. Comparison of the proposed method with previous studies.

Sleep stage recognition rate (%)

Methods WK REM NI N2 N3 Overall
NN 13.5%124 31.7+279 39£59 774+23.1 1.6 £27.1 503+12.0
SVM 0616 7.1 =227 0.0=00 98919 54229 55.1 =82
RF 85x74 2561215 2743 88.0+96 6.7-228 538+86

MNN: neural network; SVM: support vector machine; RF: random forest; WK: arousal; REM: random eye movement.

Table 4. Comparison of the proposed method with previous studies.

Methods Bio-signal Subjects Stage Recognition rate (%)
Proposed ECG 50 4 72
5 66
Isa et al.?* ECG 16 4 60
Tanida et al.*® ECG 22 4 56
Fonseca et al.3! ECG, RIP 48 4 69
Willemen et al.32 ECG, RIP, ACT 85 4 69

ECG: electrocardiogram; RIP: respiratory inductance plethysmography; ACT: actigraph.
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