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* Full Professors : 13 Medical Informatics

* Associate Professors : 2

+ Medical Signal/Image

* Master Program: : 35 . . .
s * Bioinformatics

* Ph. D. Program : 10

+* Biomedical Information
Retrieval

& + Medical Instruments
W% * Human-Machine Interface
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Physiological - Signal data acquisition >
system (patient)
: : . Amplifiers Analog-to-
Blomealcal*Transducers -»-.....—| ISOlation —— . — o =
: e and digital
signals preamplifiers . A
filters conversion
A
Computer-aided
diagnosis
and therapy
Pattern recognition, Analysis of Detection of Filtering
% <4+——|classification, and [|e events and waves; <+— events and <+— to remove
diagnostic decision feature extraction components artifacts
Physician
or medical Signal analysis > <+— Signal processing —»
specialist




/é: 3 },é\: /E'J_ ‘7’3 i

2 ?]"ﬁ -t
A ,,E]E_'\;}J;“*
B EAN o 1

(

¥
s
=

5
LV-EE S
- #4003 4

Ry

2015) Cank o)
’ e /%ﬂgl H

/o( 1/5) >

5 PR 2 3L

gaﬁ,:,%&a(Polysomnograth: PSG) ..

fe ko AL AR S TR o

BLE %im “mrr?'&

EOG

EEG #{i\
EMG T

K i\

AR Vo P v Moy

T3 3 @ 38 TV W W W W R R W W W s W A @ B N A W W R W

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn



Normal sleeper

Actigraphy Reference Guide-Philips Respironics
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e Efficient actigraphy system

— low sampling rate (1 Hz)
— low data rate (1 channel)

* New features
— peak-to-peak interval
— movement density

e Adaptive windowing
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“This is of great clinical and research interest.”
“An original, novel, innovative method is used.”
“Thank you for your contribution to science and

engineering” (review comments IEEE TBME 17)



Qur method

Our method

Sleep efficiency (%), RMISE = 5.48
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manual PSG scoring
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Novel Approach EZ&EIRIE S

{1/ 1 EEG (Fpl), 1 EOG (R2), 1 Ref (A1) #Eat3{E & Mth - HsEEER B vl Z £ s — 2k
o Al fEARI{HH : MobileNet v2

o [EHEPSEE—8 S0, 72% SRS ER=T: ) Pa
o HEHRFEAE—2 222 03.29% s BRE - fEEEH

REM
Scorer e [l | L1 L L u,uruu%

Deepsleep

REM
Mode| ~ Wake
Lightsleep |

Deep sleep

100 200 300 400 500 600 700 800

‘ Run classify

Receive signal —b‘ filter the data ’ receive FFT result _—T algorithm

| I |

. Convert to
‘ FFT calculation ‘ spectrogram Get sleep stage ‘

,, T l

Transier to mobile }——b Staging via models Feed back to user
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(4] sleep_viewer - O X
File View Analysis k]
MOV —
REM—
N3  WiF
NZ—
N3 | | | | | |
100 200 300 400 500 600 700 BOD time(epoch)
C3mz
Fanti
E1M2
E2M2 —

Stage File:E/\matlabd i E_v3dh 1, 2\20180921_1165 txt
Done?

Calculating Band Power Ratio...

Automatic Sleep Staging Done!

Done!

File: E:\matlabME]_vach {»2120180921_1166.edf
Loading...

399.5 (min)

435 (min)
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e All-night polysomnography (PSG)
— electroencephalograms (EEGS),
— electrooculograms (EOGs),
— electromyograms (EMGs),
— respiratory signals
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PEFR, 2 3

 American Academy of Sleep Medicine (AASM) Sleep Staging Criteria(lber,
2007)

* AASM Inter-Scorer Reliability - Sleep stage agreement averaged 82.6%

Sleep Stage Scoring Criteria Centa E0G ENG

Waking > 50% of the epoch has alpha (8-12 Hz) rhythm. AL s -

If alpha rhythm is attenuated and replaced by low amplitude, mixed (2-7 Hz)
N1 frequency activity for more than 50% of epoch with slow eye movements
(SEM) and vertex sharp waves (V waves).

vl enona

If one or both of the following occur during the first half of that epoch or the |

| |l
last half of the previous epoch: 1, \'iw“w L oo P
e |
| 1

N2 . :
a.  One or more K complexes unassociated with arousals.
b. One or more trains of sleep spindles. |
0 - ivi ] IO T ——
N3 > 20% or more of an epoch consists of slow wave activity (0.5-2 Hz and ﬂg'l‘,:-,".\j s om—

peak-to-peak amplitude > 75 pV). N

l
a. Low amplitude, mixed frequency EEG (2-7 Hz).

REM b. Low chin EMG tone. i 1
) MBI (s 1 frowee e
c. Rapid eye movement. S S LI |

+
0 ;VM

+
0w

I

[
== ’ [ 1560
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Frontal
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delta waves

N
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PEFR, 2 3

e Signal Characteristics

— K-complex and spindle in stage 2, are often less than 2 sec.

— The SWS epoch has > 6-s delta activity and Stage 2 may contain
< 6-s delta activity.

Stage 2
1 - Spindle 1s° K-complex 2s | |
Delta 9s SWS 25

Vokage(u)
0

1 00 T T T T
50|
-50)
- L 1 L 1 L
1 1 A =




Automatic Sleep Scoring

m Manual scoring is a time consuming and subjective process.
m The reliable computer-assisted tools for clinical staff to
Increase the efficiency of data scoring are desired.

Sleep stages The Reference System

£ I G

82

SWS
l l l | |
1 2 3 4 5 6 li
Hours of sleep
Sleep stages The Proposed System
W
REM M\/i —
4 - rﬂ i LI I
SWS
| l l l l l I

1 2 3 4 ) b 7
Hours of sleep
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Decision Tree

Wake, S1, S2, REM Apha € SWS, S1, S2, REM

813E

Wake, S1, S2 Alpha E REM, S1, 52 REM, S1, S2

0-30M

0-30E
Spindle E
SWSE

S2, 81

0-30E
Spindle E

Wake, S1

S1 S2 Wake S1 REM S1 S1 S2 REM S1 Ss1 S2
(1) 2 @ @ 06 ® O ®) (12) (12) (13) (14)
Vake
= ]
&2
sSwWs i
REM -1
o 200 400 600 800 (epoch)
(a)
VWake
e m ‘ | ‘ i
s2f
swst Il u | |
REM - E
o 200 400 = 600 800 epoch)
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CNN

Softmax L]
t Fully Connected
| 651 29 9 171 1 B2 09 1 03 20 08 191 6 P E i
Flatten

T,

t Max Pooling

T

1D Convolution

Max Pooling

1 10 convorution

Max Pooling

t 10 Convolution

f Max Pooling

t 1D Conwvolution

| 1 153 B ¥ 5 ] [ 1) £ ) B ) U6 £ T I [ R ) G L 156 I 0 i S

[ e =
1DCNN Confusion Matrix

REM 2880 | 203 309 152 o IB‘I .3%
15.0%| 1.1% | 1.6% | 0.8% | 0.0% |18.7%

Wake 30 2866 44 41 18 [95.6%

@ 0.2% |14.9%| 0.2% | 0.2% | 0.1% | 4.4%
._‘3 N1 32 79 189 58 o 52.8%
(& ] 0.2% | 0.4% | 1.0% | 0.3% | 0.0% §47.2%
3_ N2 401 283 286 | 7774 | 260 |26 3%
g 21% | 1.5% | 1.5% |40.5%| 1.4% [13.7%
N3 0 33 8 415 | 2824 |26 1%
0.0% | 0.2% | 0.0% | 2.2% 14.7%'1 3.9%
86.2%|82.7%|22.6%(92.1%(91.0%]86.2%
13.8%|17.3%|77.4%| 7.9% | 9.0% |13.8%

P @ ~ Q )
& < < <

Target Class



The Challenge
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® The overall agreement should be higher than the inter-
scorer agreement (>82.6)

® Most existing methods only reported the final staging
results.

* The experts cannot understand the rules.
* The reliability is not convincing.

® All or None: so the experts always rescore the data to
obtain the reliable results.

« the automatic scoring methods cannot cooperate with
the scorer to effectively reduce the amount of time
and effort for scoring.
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Human-Computer Collaborative Medical Systems

practically reduce
the manual scoring time

HCSS system
Fully Human-
automatic Reliability computer
staging analysis cooperation
;‘5“;:;65:6 ’_:_, Preprocessing i|—:—l Sleep featm:es ; |—Lk relial::liigtyh part :
: e::::;;:n : : Vote : : fe“ab';;:vy part :
: Classification E l Stage changes E : Human scoring E :I Fin:L:::;:ing
; Automatic : ‘
: scoring result |
“This is really a nice work with many good ideas.
You try to solve one real problem as is the
introduction of automatic methods in everyday
clinical practice, and you do it with a simple @
solution that should not scare technicians.” ®

MhG
T (&

reliable and acceptable results

REM -
Wake -
N1 -
N2 -
N3 -
T T T 7 T T T T 7
o 100 200 300 400 500 600 700 800 900 1000
Epoch
REM -
Wake -
N1 -
N2 -
N3 =
T T T T ) T ) i T
o 100 200 300 400 500 600 700 800 S00 1000
Epoch
REM -
Wake -
N1 -
N2 -
N3 =
T T T T T T T T T
o 100 200 300 400 500 600 700 800 900 1000
Epoch

PSG Data from 30 subjects.
The final scoring results are reliable (>82.5%).
The manual scoring time can be reduced(>50%).
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Electrical stimulation
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Stimulation pulse
o | | | 1 | | |
1] 1 2 3 [ 3 T

a & T a8 a
Theges 1. High power consumption
2. Inaccurate stimulation
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Integrated SoC published at ISSCC 2013 with Live Demo

Coils for power
transmission
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MedRadio
antenna
S
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16.1 A Fully Integrated 8-Channel Closed-Loop Neural- Prosthetic
SoC for Real-Time Epileptic Seizure Control

Weli-Ming Chenl, Herming Chiueh?, Tsan-Jieh Chenl, Chia-Lun Hol, Chi Jengl, Shun-Ting Changl,
Ming-Dou Kerl, Chun-Yu Linl, Ya-Chun Huangl, Chia-Wei Choul, Tsun-Yuan Fanl, Ming-Seng
Chengl, Sheng-Fu LiangZ,Tzu-Chieh Chien2, Sih-Yen Wu?2, Yu-Lin Wangz, Fu-Zen Shaw2, Yu-
Hsing Huang4, Chia-Hsiang Yangl, Jin-Chern Chioul, Chih-Wei Changl, Lei-Chun Choul,
Chung-Yu wul

INational Chiao Tung University, Hsinchu, Taiwan,

2National Cheng Kung University, Tainan, Taiwan

ISSCC 2013 Distinguished-Technical-Paper Award (Notified Dec 1, 2013)
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Picrocontroller

BLE | MCU te— ADC - EEG
Amplifier
| 7y
|
Bluetooth transfer data :
A 4
A

1 5 Feedback

L

Sensor infa

EEG Signal Analysis
Smartphone Device
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¢ Discovery Neurofeedback

Subjects:30(age 26 * 3 years)

Groups:
— Alpha,n=15
— Ctl,n=15

12 training sessions in 3 weeks (4 sessions/week).

5 blocks (5 min. for each block) in each session.

Bascline
Fecording

Week 1

Week 2

Week 3

2 i, | 1 min l 5 min

second
relative power of alpha band
100
5
3
g
a
:
a
0 time (secs)
pe—— Training Session = 3 min. x 5 + 1 min. x 5 + 2 min.= 32 min. ———————3:
Hest I'I'l'alnlng Tramimnge Hest I'maining Hest Traiming Rest Trainimg
S
= min. 1 mnim. £ min 1 mmin 5 muin I mmian. 5 miim.
Time

Time-

Backward digin
=pan st

Prcicst MMMSE — Wiord-pair test

MFT Scssio

MFT Sex * 2
MFT Sess

MFET Sezskom 4

MFT Sessian 5
MMFT Sessibon o b !

' _ Baseline Alp]_la rhythms F{:.fndcnn
MFT Sessbon 7 feedback training

MFT Sesszian B

MNFT Scssenin W
MNMFT Sessian 10
T™NFT Sessian 11
MNFT Session 12
Backward digit

Postiest MMSE —— o ) —3 W ord-pair test
S 1est
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PR, 5. & <

e Patients with depressive or anxiety disorder.

* It shows objectively sleep quality enhancement after 4-week
Neurofeedback training.

Before NFT, SE 72.9%, SD 24.5 min

MoV —
REM—

— IR

N3—

After NFT, SE 81%, SD 16.5 min

MOV —
REM
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