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Detection of Arousal in Patients with Respiratory Sleep Disorder
Using Single Channel EEG

MBS EEEFE R G
(Sung-Pil Cho - Ho-Seon Chot - Kyoung-Joung Lee)

Abstract - Frequent arousals during sleep degrade the quality of sleep and result in sleep fragmentation. Visual
inspection of physiological signals to detect the arousal events is cumbersome and time-consuming work. The purpose of
this study is to develop an automatic algorithm to detect the arousal events. The proposed method is based on
time-frequency analysis and the support vector machine classifier using single channel electroencephalogram (EEG). To
extract features, first we computed 6 indices to find out the informations of a subject’s sleep states. Next powers of
each of 4 frequency bands were computed using spectrogram of arousal region. And finally we computed variations of
power of EEG frequency to detect arousals. The performance has been assessed using polysomnographic (PSG)
recordings of twenty patients with sleep apnea, snoring and excessive daytime sleepiness (EDS). We could obtain
sensitivity of 79.65%, specificity of 89.52% for the data sets. We have shown that proposed method was effective for

detecting the arousal events.
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Table 1 Experimental data

No | ) we &Y @5 am oar WY T um
1 [s17 ¢ 17 85 399 4027 5246 30341
2|51 9 112 % 4815 36626176 40899
3|85 o9 150 5l 9 f}
4209 @ 167 & 45090
5|23 v 1m0 B 38 Bx u¥ "
6 |4 v 1m 81 606537905015 38699
71579 ¢ 12 & ‘42;06T46;1f4;/,'1493}§&; 504.49
8 508 ¥ x x 409 5408 8390 465.49
9 | 471 & x  x 12526192 3363 30932
10| 685 & 170 53 36472899 6413 40407
1] 621 & 164 70 3293 25764431 42874
2|61 ¢ 1 7% 255 5377 45182
1341 ¢ 13 6 42841 ‘f}
14481 ¢ 113 71 s
15|52 ¢ 161 59 3 42824
16| 652 o 158 59 1496 1642° 2410 42024
17| 520 % 10 75 6544 6662 11079 427.16
18] 41 ¢ 176 8 2747 1717 2020 31591
9] 200 ¢ 182 T 2535 %48 4218 MmN
20| 90 ¢ 175 90 3163 268 4025 42349
B3| 51.06 16956 7228 ‘3320 28.09 4580 41833

* AHI(apnea-hypopnea index): FZF-XEF A+, Allarousal index): 44 2+
* TATtotal arousal time): A4 24 A}, TST(total sleep time): HHTAZH
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Fig. 2 An example of pre-processed EEG signal
(a) EEG with ECG artifact (b) ECG artifact removed
(c) high frequency noise reomved
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Fig. 3 An example of EEG signal when a subject was
awake and spectrogram
(@) EEG (b) contour plot of spectrogram
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Table 2 Index for sleep state and ratio of power

SNl S

AR A9 Foa 54919 vl g ALY

e !))/(/i] e ()4 3 e (u))
= =05 =8
0

TSI theta slow wave index

4
Desyn Spec. (t,l))/(’gé&c-(u))

desynchronization index (,

ASI alpha slow sleep index i&c-(ﬁ)}/{/}i&a(&/))

4 12 20
3 e (t./))/(/ESaec- ("/)+,E Szc-(u))
=8 =16

%
2

0
Y Sec. (:,/))/LE Szec.(:,/))
=05

SWS [slow wave sleep index 1

RSWPS |slow wave sleep index 2

2
=05

RSWPW |slow wave sleep index 3 (’g]zsnc}(u))/(li]z-ﬁrc«(a!))

* Spec.= Spedrogram
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Fig. 4 Sleep stage and the related indices
(@) sleep stage (b) TSI (c) desyn (d) ASI (e)
RSWPS (g) RSWPW

SWS (f)

ST EE FU 1~49A4AE 4 5~82 ¥t 1Y 4
X Hizule} o] AU AFE ASHEES A9
s}fﬂ TSL Desyn, ASIE #& FHA AN g5 $
H 9A whvlasle Frhsta, SWS, RSWPS, RSWPwE
ZA7N A e FRoE B5E £ @A vjEste g
o] Z7}ale AL B F Ui &3 RSWPSS RSWPwe
A% A4 9 GAS ¢ FAEA dEivdE S ¢ 5
ek waly B =ZeHE TSI, Desyn, ASI, SWS,
RSWPS, RSWPWE FHAHE 47|As ABREAN FH F
Z43& AEEH7] 9 5H2Z A3 AT

=EAME 4 FeHAA 2 Far ¥ %9 ¥
2 2437 sA 2"z AR2RE A9 FH5
¥ < 0-05Hz(dEH), 05-4Hz(RE}2), 4-8Hz(AE}), 8-12Hz
(&3}), 12-16Hz(A] 20}), 16-30Hz(#IEH), 30-50Hz(HIEF2) >&
Asstgth dutzog £9 Fo AP HAEE Aogl
< 9 2A4E HAEY Hdnde AdHes @ Esd
MAR7E B4y dqE HAE 7+ Fug giHe 54
E Al J98 adE AMSESAY A0 g9E AHEEY
(819 4 ez AHoHE Ad A= Fa5+ £4E 9
AL Z d9e A5 a2 AE3e AE 9

2
Absolute Power(t,f)= t Spectrogram (t, f) 3
f=f1

3% 55 B =244 AEE HAR dolHe dfE @
AT Ao g @ Fo BAF A4 el &WE ]
38 29 5.2 =¥MEZaY FAAE 29 5.0 HEHY
Atk 29 S.(a)dA dez EAE oF 8780-8787% Aol
7ol BAggen, 1y 5()ME & & UKo ¢nH
9 Y7t A FUteA. oled #9e wIes # F3
F gigez o] EASY BHEgd) & £ Uk 29 62
29 5.9 ~"ER Y AR REH TAY Fug5 dde

e e SMZE o83 ZEM U Foj #Xe Y HE

Trans. KIEE. Vol. 55D, No. 5, MAY, 2006

" L L L
8760 8765 8770 8775 8780 8785 8790

a8 5 UMAlel HEYE M AHEZIY GA

(a) ZtMo| wash =29 HHE (b) AHERIY
Fig. 5 An example of EEG and spectrogram in arousal

(a) EEG during arousal (b) contour plot of spectrogram
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Table 3 Correlation coefficients between band power and
arousal

deltal delta2 theta alpha sigma betal beta2

subject 1 §0.0758 00150 0.1677 0.3414. 0.1783 -0.4246 . 0.2407
3x 10°
25 B
2ttt et Mt IRt rrE L Rt eSS & A
(@ V5r IS seonon Y 4
1 H
0.5 g

250 255 260 265 270 275 280

absolute power
x
OU

H h A ok
250 255 260 2685 270 275 280
min

Oy 7 A4Me| F59 gnh HEH e nig|wst
(@) 2t cedel mbe Wsh (b) BIEH Heiol intel w3
Fig. 7 Power variation of alpha and betat band with arousal
(a) Power of alpha band (b) Power of betal band

A Hedist Zo] &xis} Hge] 397t 242 0.3414, 04246
o2 M} & BABAFE e AL ¢ F Uk 2¥Y 7e
E 3oM M & BBAFTE Fe oot viehe o
S AT AAE Yebd A2 AM 8 AT F 250804
280% AtolE RoFm gk

3Y 7olH ERGe] Fdoz A FEo] 7ol T4
@ 7E drisiy, Ao s FAE FEo] Udss} wEH )
#9& vebdoh addA Beuie o] o] AT F
olx &sts} wEH 9 7 A FME RAE ¢ F A
o o] #A4E& 6709 vlolEd it WHEY HAIfE B 49
Yetle. B 40l Rsupst o) 3, 484 AP FH
€ AQerd &3, Alant, WE, 27t A2 b 2 2
BBAE e Ae ¢ F U A & =RdAME 3
T 44LS AEsyl A% Fus Uy SHoz 49, Ao
o}, WEt, 2& AR&3 it

20 2 7t @ HAE Fndo #9 HiE @A)
HAxE Fg5 #49 FAEE vH)Y HAE Fhs 7
A9 FAelzx AFE + o o]AHF 5 Fih5 Y
dax Ao ek HAEE Hd)Y F9] Holg 4
), B)F Zo) A + o

n—1
EPV1= lpower(n,f) - % _z: kPmUBT(m,f) (5)
1 n+k
EPV 2= lpower(n,f) -5 Y power(m,f) (6)
m=n+1

2] 5)llA A WA & power(n, )= Azt nl A9 Fup
9y £ BAE grisE, T WA g Az nkPE n-l
AAY FY FA5 o) Bee) BEe Yngoh vt
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power variation

x 4 3ol gy abgleb ZiM el MA(EIEA 1-6)
Table 4 Correlation coefficient between band power and
arousal for 6 subjects

MA| deltal delta? theta alpha sigma betal

HEA
subject 1

0.0758 00150 0.1677 03414 02783 04246 0.2407

subject 2 | 0.0042 -0.1216 0.0426 04922 0.4226 05046 0.3415

subject 3 1-0.1044 -0.1341 -0.0861 0.1317 0.1677 0.1582 0.1079

subject 4 | 0.0413 -0.0104 -0.0011 0.1320 0.1553 03585 0.3535

subject 5 | 0.1126 0.1226 02342 02405 0.3343 04112 0.4067

subject 6 | 0.1879 01040 0.2137 03513 03894 05534 0.5567

37 00529 00041 0.0952 02815 02913 04017 03345

2=, 4 9 R A" F& AL ndlHe Fs gy 19
B9 & ously, £ HA F& A n+l1BEH n+kAAY F
Y F34 tige B9 JFS guF of F A #9)
Wslol B e 4z HA9 vy FAFHAY 2olE
Ebich

27 8ol B AFA AHEE FATYAA do)E 179
sle] EPV 1(k=10)& A4tg & 174 dwidet 96 E 3
4% 23E Jedth (@ A4 F9 AL F 60~2008
Atole]l AFE Uehd RHolz (Y ©)r ZZ 70~90%,
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4ol AT AS EPV 19 o] AAE A& ¢ 5+ A
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2.5 Support Vector Machine

2 ERdAE 8 T AA4E A& A 2FVEA
gty e AZFFRG S 4N SVM EF71E
ARS8 T SVM2 A7 2RT 2 49 3G HoHER
e BEF A5 S Bole Fde] A4l

SVM2 7|¥4ez2 F 95§ e 7—‘Mla° BH3e 2
‘%‘H(hyperplane) Mg oz ANSY 2EE Hogi
F e 43 2y ZA9E AFd 71&«] ER7E
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7128 whde] SVME dt3l o 2j9] g upper bound)
Hagste, TF23H 498 A2 3(structural  risk
minimization) 718l 2 712§ 2 JvH14-16].

g diojg7t 4 (D o] FojH S u, I8 doly x
T F gdx F9 sy £33, yie T FH2E BA

e shae 98¢ @

tlo N

(xLyD) e, 2y )] ERx 4] i=1,...,N @

SVMe z# Zd28 TEI}= HHS ¥ x¥¥
(separating hyper-plane)$ +3}7] 13 ¥a ZAAAz &
AAHA 713 AHF H(support vector)e] A S AW
gk qef, F FYP2v A¥FHor s AFsinE, §
Y22 FEL ¢ Ae AH Ay ¥ FAEL 4 8
2 3" $ gt

) =w+b @®

2](8)ell 93ll, support vector®} fix)d AAE U |w|E
UEld £ 313, SVME |y & Hidstd B 71F0] 3
Wt HEE s 3 Eeug FIA "o

¥ =8dAMes SVM &5V AMREHE A4 S¢2 uat
7) A ¥4=(radial basis function) AdE& Al&32d, 799
L A¥Aez 12 AAsgo. a8z, i ER B F 2

Alole] AEHE Folfe H¥E g9slE 27 iy
e A9 ¥Ye T 1022 FA3A

3. M3z= @ o

2 dFNA AA3 £W F A4 HE WYY AL H
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7o ALg3a.

¥ 5t 479 Fa4 gidd g4 EA 449 FH5 5
A W3, 679 FHAEH AEE ALY £ F AA4E A
2% ZAIgog. ¥gTo dIAANE 8146%9 PR =<
8351%9 EHo|x& Hgow, Hrdd dsiMe 79.06%9
Utz 80.95%¢ Eol=g& uYrEhe] AXHoBE 79.65%
9] MiZtE o} 8952%2) So|=E Byr)

E 523Y 44 HE 437 ¥e HA$E d¥ed, 3,
6-8, 16, 19, 208 wdlolE9) AL wwF B NAEE \—}E}
Wtk 2719 708 dielgelA /7 sH Wel w4

Z 52N ZHs: A3
Table 5 Results of arousal detection

golgj]] TP TN FP FN Hl 3
1 5186 36490 4424 1109
2 | 6723 37433 4235 688
3 1555 33985 10133 49 8
4 1845 46730 5284 260 &
5 | 2270 43983 1723 653 z
6 | 433 3% 462 1785
A | 21932 234296 30425 4991
7885 45510 2609 4535
6870 42875 2016 3198
9 | 3344 3835 5249 691
10 | 6508 35406 5388 1187
11 | 4350 41520 4612 967
12 | 5405 41399 6368 1047
13 | 2051 44261 3763 434 9
14 | 3081 35393 8733 172 2}
15 | 1556 47593 1716 524 T
16 | 2065 42449 5088 827
17 | 12005 34260 3704 1290
18 | 2226 31024 4461 198
19 | 3746 45040 3297 1316
20 | 3793 40652 5337 1037
%A | 65785 566017 63241 17423
J.87

* Sens.’ sensitivity, Spec.’ specificity
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Fig. 9 Arousal with no change in EEG

(a) EEG, respration signal (b) contour piot of specrogram of EEG
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Fig. 10 Total arousal time during sleep(min.)

(a) total arousal time (b) detected total arousal time
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