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Abstract : This paper describes an EEG(electroencephalogram) software for two-channel cerebral function monitoring system to detect
the cerebral ischemia. In the software, two-channel bipolar analog EEG signals are digitized and from the signals various EEG parame-
ters are extracted and displayed on a monitor in real-time. Digitized EEG signal is transformed by FFT(fast Fourier transform) and rep-
resented as CSA(compressed spectral array) and DSA(density spectral array). Additional 5 parameters, such as alpha ratio, percent
delta, spectral edge frequency, total power, and difference in total power, are estimated using the FFT spectra. Al of these are effective-
ly merged in 2 monitor and displayed in real-time. Through animal experiments and clinical trials on men, the software is modified and
enhanced. Since the suftware provides raw EEG, CSA, DSA, simultanecusly with additional 5 parameters in a monitor, it is possible to
observe patients multilaterally. For easy comparison of patient’s status, reference patterns of CSA, DSA can be captured and displayed
on top of the monitor. And user can mark events of surgical operation and patient’s conditions on the software, this allow him jump to
the points of events directly, when reviewing the recorded EEG file afterwards. Other functions, such as forward/backward jump, gain
control, file management are equipped and these are operated by simple mouse click. Clinical tests in a university hospital show that the
software responds accurately according to the conditions of patients and medical doctors can use the software easily.

Key words : Two-channel EEG monitoring software, Cerebral function monitoring system, Ischemia detection, Multi-parameter integrated style.
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Fig. 1. Block diagram of EEG amplifier
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Fig. 2. Magnitude response of ESU noise detector
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Fig. 3. Classification of ESU noise and EEG signal
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Table 1. Classification and characteristics of EEG signal
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Table 2. Theoretical EEG parameters and their applications in this study

24

ojeH H 2 A7) 2EYol W
Aejol 124 58 2 dF79 HE 2] ) o] |
30Hz 28Hz
LE Y IXHIE S XN DSAe| 23yt skl £& oz 3
r=1Hz f=1Hz
~HEY »AE A H99f 97%) o2 | A #HY 95%9 Olé CSAdA #igsle Figd =34 Al2ge Hozg
Fos £ 2AY Fais £ 2ME Fog EL

aA #ele 2

EESIFET

- 2829 WA

aze) WA

= DSA Alolo] #Hu L 4 2 g8
_ 2_329* ﬁi‘“ﬂ%} T "ol ] Tg‘h:“ 3“ %Eﬂ

o 7.5~15Hz %4 8~13Hz %4 Col 9 oel Ay qe shol L3
o} g1} ITHs AE T, A9 oo s aAddz 45 delse] 5¥
. y 1~35Hz 3¢ 1~3Hz 39 Col ol oo MY A2 3 3
HAE de} 1<30H: #9 1~28Hz 9] Hro drso Afdds A delsid 58 |

(a)

(c)

% 4. Polygon Z|®oll {3t 2M 2| (a) 2MA2| 0jH CSA

2, GUI(graphic user interface) 7]3%0] 4% 4=$ v

olojel Visual C++ 5008 TE routined ZAAstgti12].
T& AN HYE Hata A7 2 HAE nsie] =
2aR8A 1, FAFE Y Aol d=sia gL deAAER 4
A AEE 5 UEE ol AYge A d g4y, REl
AL Hastsligloh 24" z2ole Z2aPE o)&atdEM F
248 ¢ 4T 1A BAEE YAgAERE A
wo} z1 &4 02 M A

C++9 FHAE o83l HoHES A2 A%
olel & FAsA o 20y AAA oo Z2IYS
A oAl 5 ASE AUt £ 2P ARF F
22 93l Flag structure® &3} 329 CSA 2¥EY
& 7MFoR 334l AYs] AdME 2¥E-Y HAAE

2HEY (b) 2MAa|f Fo| 78 (c) 2MF 2|8 CSA AREY =
Fig. 4. Hidden line removal using the polygon (a) CSA spectra 252 AAS Fojof sh=d), o1& H&d 2"HEHSE 1))
before hidden line removal (b) Area dassification of hidden line Ao} WA HolEE& BAMslo ¢ 27} A& ¥& & 78
removal (C)CSA spectra after hidden line removal 3‘]-57, "]"‘1, Z]% _}9‘ E'HOIE'I% C}Z}%P_i X]_E_ _-'g: _/_\_E]_E‘a‘;'%
A/D a2lE polygon 71 & o438t 19 4% polygon 71 &
L Anste Ao2A, 19 4(a)8] CSA 23 EG| A 18 4(b)
Buffer —o{ Caﬁgf‘ﬁng L Window | FFT | aAverage 9} o] &M AZg & Jog TH3 ¥¥HoZ polygon
— - 3 ol galel M= Aol
Drive r 1 Aol H2) 2 dojEdA EAF doj6E HAEdua &
Raw Other DSA CSA o= EHoE AN 74y o) RAM 7o AlRE&
EEG Parameters o, A8 AMe 1Ho] hdsiainl, N doled oisiA H
a5 NI} ZA AZEYo{o Px @A oz N/2w AMstoof sz A 57t gk 939l
Fig. 5. Construction of EEG monitoring software olth. o] HAyWe & WAL zhhslm, Nsjel dlelgd)
e T log.N9 dloje] HMo| Hasith & Ao 24E
H 24Y FA4E A4 g o244 7ye] =219
4, & 7
238 7ld &5 doA 84 o fd o8 ol&dH. E£# MFCY
B Ao = $4 EEG, CSA, DSA 2 ojJa}, 7|e o CDialog& 718 22 AM3le] dutaQl 92948 =23
getoHEE & FHdA FAld Uehd £ UEFE FAUTFA L Po] o] wd Yo A FHE #RFH, HrF BAE

AR5y, £ 9=F BHAME B o8 + o S8 Ba# 715 control panelg FA3t] o] &9 A4 L

o] ¢ata R : 4204, Als, 1999



(a) m
T T 7 Tdata point 1024
4=0.75. =300
(b) W A wALANY
YT — data point - 1624
}4=0.97, 6=300
() VM N\ Ml
1 data point ] 1024
9=¢{OO. }JI='0.97'I
d \ﬂ 7:” J*NL—“ T\M\'L/\‘/
T T Fata point 024
W w =1200, p=0.97
(e) M Vll,ﬂ’“ MMMW
1 B data point 1024
(f) ra
W \/'I
- data point
a2 6. Mxi£717] olelHE MAH 4H (e) T (b), (c) § 2
T(300)Al w2t pistoll w2 ©y (d), (e) x nW(097)A| 62t H
sto| @2 oy (f) FSHAHE g
Fig. 6. ESU artifact canceling test (a) Raw EEG (b), (c)
Waveforms according to p with 6 fixed(300) (d), (e) Wave

forms according to 8 with x fixed(0.97) (f) Noise cancelled
waveform

=23 agn A/D WEE dolee &4& %) A4 7t
A vizeld e HA S

g Ha ATEY o) AL 87
H K -y . R
¢ CH1 ‘ i
i N \4‘, ’.w'. . | > §
{ CH2 ' E
e . i tih1é
. SEF
CH 1 y CH 2
o ~———ee e . B J
= - —_—
- —————. —
T ——  —m —~— .
b)) T e W T T e,
———— . —~— €
—— . - ———— &
——— o m N ~—— ——m
—— .- N e
Tﬁ —— 0. N N
—_———- —————— B
1 28Hz 1 28Hz

processm point

CH_1

~—a
AV RS .

CH2

NEL A s %

CH 2 :
A /“**wA\/\M% /“V

9l spectral edge

A% 7. Hol majole (a) &5 EEG (b) CSA
9! dfference(DTP)

frequency(SEF) (c) DSA, total power(TP)
(d) Alpha ratio (e) Percent delta

Fig. 7. EEG parameters (a) Raw EEG (b} CSA U spectral edge
frequency(SEF) (c) DSA, total power(TP) % difference(DTP)
(d) Alpha ratio (e) Percent defta

J. Biomed. Eng. Res. : Vol. 20, No. 1, 1999



88 A%

PR TT771 N

PR IS TSR © PHINIE ORI A PP PRpe

T POSYR NI |

- ades.

1% 8. HuiztA| d#Ee &N ciagso|
Fig. 8. Monitor display in execution of EEG analysis

All channet gain

CSA/DSA reterence
capturing

Channel | gsin
Channel 2 gain
Event marker

Event editing
EEG file open
£EG record
~s Forward jump
Stop

Pause

—» Play

—— Backward jump

Event display

2] 8. Control panele] 74 % 7|5
Fig. 9. Composition and functions of control panel

A4y o 29

1Y 5= & A7A AR HyF A AZEYelY 72

2 Yehd Rl

Z2aoiMe AAzte gdsis doleE A/D Wit

o] 337 ; H204, A1E, 1999

, A& HolEHE o EY H,Q’ 8 2%

olom, AaFE7) ]g] olgldE ¥ ARAGE ;"71 o
73S 8sta, CSA, DSA ¢ 7ig selvgE 342 fg,q
a8 68 AAFEs)7le olEHEE A A3 f\ﬂ 4d 2

A&719 09 o] AT e T A
& 4% Ats} olelWET} AAY H¥& vehd Aol

23 6(b)%} (c)E ATE o, sgho] Ao AAFE717]
ool gojAAR NEANE 47 FRo] AAHE A& ¢

N

oot mepd pe o= ARE S &g Rolof BE T 4
Rk oo} ol o @ AP Fakel pi= QIR AR 2
oz #99 of g YLD 2Y 6D (©F 23 0
E 94 o= FEE 7o} BEG Azl &40l B8 & &

O

/\

11, ARFErizle FEEEe Fof Wl g _&L} oj¢} 2
2 7ygE= 2o Yuld @Aglel =20 gadoez A
7lo) & FA7t gonz YNz 4o HE §=1200& A
daldel. 28 nE ok ® A Yo zA, ddFer7|z
& 9|, ol Tl ghe HAse ole ZAME AVIY AE
= F A ojs} o] e HF A a9 6(Holh

13 78 ¢4 EEG %3 %2 7249 w3 seuHEd e
d Zoth.

2y 794 29 BgulHES GUIE 1EHA # Sdd

e



2 Wol5 A A2EE 9
A ejgdon zHsd BT o3 @ oz ¥
B RS ¥ 87 gon, o] 1Ye WP z2ade) 4
Przo stde vebd Aotk 1Y 95 2 89 $% o

o control panel 228 |5 Uehd Aolw, 2 WEY 7%
= 7o) JEhfgith

I 8ol A EH wupe} Zol, Hue} #HY RE gH S
& sEdA FUE AU BEsl gEPeoEH F& =59
ol it 7t shelojeid Aeie gete] £ojg o F 3
o} =3 28 99 A ¢ 4 9l%o0], control paneldl= A o]
52 7 ad o5 24 7%, #x ZUHYA AN dAE
EEG 718 2 71249 st AlE AE 7|5, CSA/DSA #3
Hng & 71E 33 FAld 3747 E’—‘? 9 tAZd ol st
= 7%, SUHY 539 ZFa 7]1EA189 H7](event mark-
ing) 2 A% ZAEA /]2 REo 29 &4 oF 7)%, Y/
Az Yoy 7%, dAAHA © #dHA 75 F A% &
Al g B QlojMe HAQl slg # oohle, HEMHE =
Biks N5 ES A3Hx 3tk

g2 E

2 AP HE ojdrn EEGE UAER AHejstd v
Ao 4d geleg g F&3e ANeR sidd fgaEol
31, A AL o] AJ23yl HeEld HaA Zaade g
o, ol TFFo2 FREY 75 R W% 7‘*11‘
v 24 230d CSA AJ2de AR Yol 75 LZEH]
2 28387 9% Aold. o8 915l EEG wlo|8 & FFT o
AL & CSA, DSAS] ¥z gFdsigen, 7 s Haad
d selulg g 2391, & s ATz fagdel
8ta, AMg- HEAE Fdsses z2aPs

Zzayge Aw £3Fd o W FEAY 2 AL A
A BeEQdony, dojrn Zee degw 2. A, EEG,
CSA, DSA 2 ¥ #d Fg Aol 5L & A T8
Aoz HEAsA sol FEAdy 84 BRUHPA S 84 JH
ol FFH TFo| sisdivl, FEAF A g Fde AR
EEG dojHg AQsA MHAEE + U EA, CSAE A%
9] B4 Fupda g Mg o|43ld Yeha, DSAdME
Fosy 3718 UGAZ 729 d4oz velea Hue
sl 7iz)o) Halsig. AR, 43, HJAE dE, AHEY B
Ael Fobg, A4 98 Adds Jehinz gz Ao A
AHql W3} Folo FFo] folsich 53, A #AAY AE
DSA9] T A'd 57t 37 daZyolsinz -4 HEF
Aelo] e F243Q) wla F Bdo] sbgdch dA, H3% 3
Zole] = 718 298 CSAS DSAE AHERY RAY Faf
o} AA FH7t T AN E Pt FEAA Z2S A
3 2o Hd) 347 Bo ¥x vad 5 Jong
Aol AR vy} o] Fold £ ok AlA, FEF v

e o

g o/ &
A g 70 A g A 372

d

ofA #xpyeiel st ol

Aol

—

Sade, $FHA T A 71EAEE 442 5 U

. D. S. Karnaze, L. F. Marshall,

. S. N. Konstadt et al.,

-,

HZEGo e sl 89

R
Holel HUe AF HEA| o]F event2 FA| Fo}r}

EEG
AESE 7)5o) dow, 1 gelE & H FT oF

1% 24 7%
]

ik

T, 455 B8R4 AY# 7T T ‘—’r‘—

Yol A5 AN Heslo] whg2d ol

o]Foj oz HFE *}%Oﬂ 95317 %‘%

}%6}7103] oj & Azjsiet. £oF, EE o2
OPOEI Axlch et of ol 3k} #—%*—é EL

_iérﬁél:l

;t}xre!oiw
gl 928 5 9
N westy, £ U4
olgarllE e BT FAE e + AUk

3 1 & #
R. Cooper, J. W. Osselton, and J. C. Shaw:EEG Technol
ogy, 3rd ed., Butterworths, 1980,

. M. M. Barbaro, W. P. Dillon, C. F. Dowd, D. L. Blue-

stone, and K. D. Laxer, “Magnetic resonance image evalu-
ation of patients with pathologlcally proven mesial temporal
sclerosis”, Epilepsia, Vol. 30, pp. 711, 1989.

. G. Plurtscheller, G. Schwarz, O. Schroettner, G. Litscher,

H. Maresch, L. Auer, and W. List, “Continuous and st
multaneous monitoring of EEG spectra and brainstem audi-
tory and somatosensory evoked potenticls in the intensive
care unit and the operating room”, J. Clin. Neurophysiol.,
Vol. 4, No. 4, pp. 389-396, 1987.

and R. G. Bickford,
“EEG monitoring of clinical coma. The compressed spec-
tral array’, Neurology, Vol. 32, pp. 289-292, 1982.

“The effects of global normothermic
hypoperfusion on the processed electroencephalogram in pa-
tients”, Journal of Cardiothoracic and Vascular Anesthe-
sia, Vol.5, No.3, pp. 214-217, 1991.

. R. Tempelhoff, P. A. Modica, R. L. Grubb, Jr., K. M.

Rich, and B. Holtmann, “Selective shunting during carotid
endarterectomy based on two~channel computerized electro-
encephalographic/ compressed spectral array analysis”, Neu-
rosurgery, Vol. 24, pp. 339-44, 1989.

. D. R. Labar, B. J. Fisch, T. A. Pedley, M. E. Fink, and

R. A. Solomon, “Quantitative EEG monitoring for patients
with subarachnoid hemorrhage”, EEG 90072, pp. 325-332,
1990.

FAZ, 28BS, o|AE, o]5Y, Y], HE, “AHEH
e o gFAd Hue] Topographic Brain
Map”, o832, 494, 415, pp.31-36, 1988.
o, F42, oAE, F43, “24d 3 %

J. Biomed. Eng. Res. : Vol. 20, No. 1, 1999



10.

11

12.

13.

HE

AN

A9 Mapping Al2”", o383, A17H, 423,
pp.179-187, 1996.
8N, o)Fg, A4Y, “doludn UFIRTE o] &
EEGel 744 5y #3", A3y =&4, A35g, SY,
A2%, pp.70-77, 1998.
A, A, ANE, AEE £¥2, d9E, “"CSA A
288 % H3YgT FE7)7, 19979 3ol S H F 8
3 A%<t 3) =84 #1998 A 1% pp. 349-352, 1997. 5.
o} 49 | Visual C++ Programming Bible Ver 5.x, 9%
Z3A}, 1997.
J. R. Glover et al., “A multichannel signal processor for

the detection of epileptogenic sharp transients in the EEG”,

o] F&3A : A204, A1z, 1999

)
m

A

%.

)":l

14.

15.

Az

IEEE Trans. Biomed. Eng., Vol. 33, No. 12, pp. 1121~
1128, 1986.

T. Morioka, T. Matsushima, K. Fujii, M. Fukui, K. Hasuo,
and K. Hisashi, “Balloon test occlusion of the internal co-
rotid artery with monitoring of compressed spectral arrays
(CSAs) of electroencephalogram”, Acta Neuro-chirurgica,
Vol. 101, pp. 29-34, 1989.

E. R. Steele, M. S. Albin, J. L. Monts, and P. K. Harman,
“Compressed spectral array EEG monitoring during coro-
nary bypass surgery in a patient with vertebrobasilar
artery insufficiency’, Anesth. Analg., Vol. 66, pp. 271-
273, 1987.



