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in Myocardial Cells
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Abstract

Using electrocardiography is a common method to dJiagnose
heart disease, Modeling and slmulation of activation process
for the heart system Is usetul to  understand
electrocardiography. This paper proposes a two-dimensional
cellular automata model for the activation process of the
ventricles. The model represents the geometry of the
ventricles by the elllpsoidal shape in two dimension. in the
model, ventricies are divided into four layers, each of
which has & set of celis with preassigned propertles. The
proposed model takes Into account the local orlentation of
the myocardial flbers and their distributed velocity, and
refractory period. Simulation experiment is performed to
measure activation potential for each ce!l in each layer
within the ventricles
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HYT Aa=d{cardrovascular system)2 ¥Yg Hileo=z
TE3te A Yol B o8 FHe Y (blood
vessel )22 FASe] ok, olFF AUH AAa®Hy YY2
F71422 gUe Waste dFd WEEA g, 439
HE 71528 Yol &3t A stAe) d2(cardiac muscle)
&, d¥2{atriat muscle), 44U (ventricle muscle), 281X
ST 2H=2 4% (spacial excitatory and conduction muscle
fiberol osted o] Zth, YA o] EAs= E4FHY
EAAR o YL T bR 12 MY Jse 4. &,
d2o FHY 32 op7)sly] 4 FUHY YH29 YA
I dE dEAE H2E Bl ASEA HosE e
Fydct, o]HY B TRAT AR HE HALS ooy
&Y & o, o8 MM (electrocardiogram:ECG)2tT &
o EUSAL, 42 4ol AT &4o] ¢ wgsA
Dt AS Eol sY(Ischmia) = 427 M (myocardlal
[nfarction)® #4FTol Yoo FT ol REste] WAse @
Ate] A HYste 44% YdAPelnt, olF dApe
D7) HE st HEHog Agste wWe]l Moo YH
5= HY¥E EAste] 4ol o]y REet WiH 23T MUY 4
L.

A2 43 FYo] VY AP £0GY ot HFH
Mol Yook ol2Y AFE AT L 3l HEHE ¢
a0 HE Y A2 FAH}E F AEEIMY HES=

AZF 2= A2 SA(BAH AL, 371188 Tystderdt
#3894+ Yok,

A2 szt Yol oigh Aol §F PRHoZM 429 B
S A gefolMe] o2 ©e drxbEe] o3 s+¥sjo &
th. 1969'do] Robert?d Her, 1970'del Durrer, 1988\ del
Hulskampol Osterom, 22T 1982¢iel Robert} Schert &9
A% ol tt% ‘plung-type® WIE AAstd FEQ HY BA
3t #Hol disl JrsrcH] (2] 3] 4], EF et BEF
(simple depolarazatlion) =<2 1968 Okalimagt 1973d
Solomona} Silvesterol o3l AA=IQdcHs]. I=]2 1980'de]
van Capellast Durrers 23¢Ho2 ARHE TEA MEM &
M {arrhythmia) & A gfo)dstgetie]. 1978 A1 Mitlerst
Geselowitze Durrere) APAHRA ZAJe] 273t 33 HES
{depolarization)2d& st (7).

B dFolxe HAZY HAMN (e BEI A3t 2%
{ MX o Eobe}l Ted(cellular automata model )2 | AlStict.
A4 el 2ade] B Rged FASAD, HA2E 47
o] Hf2og FEEY FEY 4 U2 HFEL & dFeIA
AT EP(HT &%, B4 A, BL7)EL Adu. AEH
olde HAZ WY & HF3oM Mxe] BAHHA(cetioatlon
potential } 8 &&st7] sisf AyWstelct.
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o2 FHEI, Z MEZEL AT MEEY FAT I W™
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th UwHez ME 2Evi BYE theR ¥e 543 AY

= A|4t7]) (computational machine)2til ¥2ch, x|, Bzt
ol BAT gelye €4S wsty] Slste AMge ®old
YA g #9HA JYE FFY oo AvfatEe] W§
sto] Alg3tE Y Zels, EAN, WA $H L dehie
ArAe] A HAE o|MAIZE B o]ikAlH AlaE|leR Y
FY £ Ue F4Y 2UY meiidolw, AF), oA ke
ojdkatdelrie] HejHols ol st MEE 4T Fgof o3
AAEe] A} oY EAHE AUe ME eEvlet 292 §
& ol Afidt(biology), #lulet(ecology), CiYT T4 A
At (combinatorial mathmatics), 28]l HFEt Sof ALL5H,
ol el ¥ Hoke g ol GLSA(Game of Life in Scientific
American) [8] elt}. :
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A (simplicity), YA (uniformity), el 7} A 3¢
(visualization) Seolth of7]a Heioldt ZR M g =
(local behavior map) 2] Zte] o3 M"Y A& =4 (global
behavior map) & & + U Aujsiny, FUAold AejHols}
FE AAA-—e] FYUL s, stANY A Fee)Me 4
Y X FUHY PEC (spatially invariance) & 2T Ao
Yebd ¢ A8 Aok gt o]HE F7] MM §obA| o
€ €l Bah Wb £Fo] ¥ AdolM O E AHo 2 HuEE
Hale] FHRT g4 Yoo} £Fo HErt s dxgich
I e, F AYQelrMel £¥o HFP: TRH g 9
ulste Ha o] 2fel Huy MM Fge onjgic)
ot FRAHU AL Me HAHY g Yo iy £ U
th o] AL FUNoIF I AYolMe 4T Hust YAUE
oujgiet, «7)A, HejHol:= 28] HuE oulst Az o
AUY e 7 Ao 43 A ouistet. a8 sHAISERE AR
eloldg 3T F & 2389 FUHUY 2XEE JYelE 2jn
Lig= 9

aE ME 2Evlel 2E oY A HegE HYolst
A T3] Hab ME QEviel RYde prixoez Bxd
FE MEQ Aoz FAHSN, 7 MEolre] FejHo] H3e
SUSL TE MEolM oj2st: Mo WHe dYIu of
ek MEAM g Aele MEol Hxh il ME zp4le)
olRBte MEEY Yol I¥ 13 geh(9].
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— neighborhood of a celliy
= {cellioy g, celliy-1e eell j, celligy s eell i)
- state transilion rule
?a_,—(x +4t)
= f(&io1(0), digmr(D), 80, B s(), Signal2))
= ($ie1() + dijrll) + 85(0)+ b 5(0)
+éijar{t) +1)mod2

(0-0e140-0+1}mod 20 0

(Vetwdetotot)mod 2=t

~ apply f(o) for all celis

Fig. 1. Exemple of Two Imensional Cellular Automata.
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Fig. 2. Fomal Specification of Cellular Automata.
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Fig. 3. Cellular Automata Modelling of Activation in
Myocardial Muscle.
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S0 MESE FAY Ay BE oM 2ol HelE ehyj
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(HA=H %, 422, dod%a YU Alojel F7H3, Hulg
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ooje ¥l B2, HUXHE, HASE, F7043, AUgR, P
Y2 & ¥ (normal pacemaker/activation source), 18]I H]A
A AR &Y (abnormal pacemaker/ activation source) 5 o]t}
A7) AR UL W7 AFE Urkste 2714 S v
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- Dimension: 80 x 50 cells
- Layers: 4 layers

p purkizje fiber . empty space
s :u‘bendoc\rd layer * normal activation source
m midlevel layer @ ectopic activation source
& epicardial layer
- thickness: left = 2 x right
septum = 2 x right

2% 4. State TranSition Diagram

Long. Vel. Norm. Vel. RP AT

Ventricular layer (crmvs) (cmvs)  (ms) {ms)

Purkinje fibers 225 75 130 38
Subendocardial layer 66 22 ° 120 38
Midleve! layer 84 28 105 32
Epicardial layer 84 28 90 28

~ Long. Vel.: propagation velocity along the fiber
longitudinal axis

- Norm..Vel.: propagation velocity transverse to the
fiber axis

- RP: the "cellular® refractory period, in which it cannot
be reexcited

- AT: activation time, the period in which a *cell® may
activate its neighborhoods :

Table 1. Modelling Parameter.

S HAZo MEEo| olAF (hetrogeneous) o} MEERZ +
AElol Aot sl HAU29 ME QE0PEE 2 (CMA) &
AT HE9] MEotatole]l X9 (transmembrane potential) &
Mol ofsf 2§ 59 g2 AefMo|k (state transition block
diagram) & Ebd 4 Uth
aY SelM AAZE FA4ste zH MXEL 27] Hed: BF
A2 H 9 (Resting Potential: 1Y 52| PASSIVE) Atefio] Q71 o &
of AHE MEe] Jge viAA] Rgch Iy Y 4o EA
g WAAAN GHE Alo]g A o] A YYzg
o] M71xQl A} (electrical stimulation)ol <7t SH 22
€ We MEL ZLEHY (Action Potential: 1Y 59 ACTIVE) 4
ElE MolslT, E 1ol oY uleioiete] o Edte] UHT M
o] Hr1HA AFE A AZele 4AUAS Wy 2E MX
£ ACTIVE Hef2 Holgich 44U ZE MEEFo| ACTIVE

=4 AA A1E . 95/5
4Eiz 8 Fole YUU 2 MEEES E 18 Yojd 3%
A (2% 5°] REFRACTORY) 2 23202 4eiHolE ahA drh
09 so] AejHolEE T2 Y EANY 1Y 63 ¥
2 CMCAS] Hejdo] &2 vEtd & Yotk

C1

1% 5. State Transition Function CMCA

239 sel AeiBelTet 1Y 69 A4eilo]l 4 E oAU A
amol HAgo] olsl Hejsty 1Y 13 2ok

FUNCTION NEXT(s:5, Bid1gy 3i-14y $iG41, $ig-1)
switch s; 5 .
case ACTIVE:
return REFRACTORY;
case REFRACTORY:
return PASSIVE;
case PASSIVE:
it any one of #i41,5, 8i—1.5, Sij41, $ij-1 Is ACTIVE
return ACTIVE;
else
retum PASSIVE;
end i
end switch

1% 6. Discrete Formal Specification for CMCA

CMca =< SN, T>
§ = {ACTIVE,PASSIVE, REFRACTORY;
N={(0,0).(1,0),{~1,0),(0,1),(0, -1)}
siy=si(t+1)
= T(8i 41 Sia1ygs $im1 o Sig+1s Sigi-1)
= NEXT(8:,$is141 Sic1 s Sig+1s 8ij-1)
where, )
si; denotes the state of the cell focated at (i, 7)
and NEXT is a function for the next state

1%y 7. Simulation Algorithm
4. ME QEvlet 2 (CHCA) 9o o4t N gl ol
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3ol A7t A BE NFdoh 29 4olM Heg £4/9
Z Az Aztel o3 A3 9 MEE UH HE HIzZE
Hedte 2t MEELS VAN, VYA FAS AYESH)
2A gk olHT YL AM YAZ U BE MXEo|
eX}Hos NS 7 MEES B4 AHEY s
2] ACTIVE 4ol |24 ok gt H42 o] 4z
o] ztFo] AU/H F ol Ao HAZ WY ojuF MEE
o] A3 Aol EABEAE YUY & Yoy A AL
ZY3HA 3 A2 BAY B L AvelL (scensrio) HE
2 83Y 4+ U

YAT AaH0) BIE oA AARLE RYYS ALt 3
e & MEoIMe] AejMe|rt WAIREE A7t MEES &
de} 2]23tr] mEe] £ dFolMe o|dA|7t A FRINLE £
3t P ol AL Algefoldg £UStTA Tk AW
ol At A g0l 4 MES HTAZY FHAHAZE, 2D
3 E7] Fo]l tt2r] ujEe] o]E neteelE WRHI AZF A
2ol s WREHe7} WAsA st b8 x| oz RE M)
A2g e A AR Mol WASAE stEE M olitape]
Hdstel NEHOIME £YY £ Ydon A7bHog HRR3s}
Hdela god, o)At AgHojMe Ffolr THUYE ANA
e stetoiete] Azbe AlLsM Aojslodo} BT AtHoZ
e AN HelA "ot 8 QoM oMt Y o)
Aol o] A Algelo|d stetcidg HRIHTLIZA AFolM
€ +¥3te Azte] SErtgRA gAHUt

o] 2hALZd £¥Y A A= MEEFS] FeiHol, HMHQ dlo|el
+Z (global data structure), 28|31 even!{_queueol] 2|3} o]F
o] 2tk event_gueue o] ACTIVE Atejo] QU+t ME2l thgol
AUl g WA= AZbEol Z73te ¢AME AMAH. ¢
o AT MEIL JBojM A22 WA ol FHAG 5
zhale} o] mjE 2t H3AZE F Aol At o
Y MEE ACTIVE Feigtr & 4 Aok ek HME L Erlet
Bdol] ou¥ Mo UMY MEE F ALY gtz
ACTIVE Aele] QJEA T ME  apalo] ACTIVEME F&
REFRACTORY Helie] Qo ol2igt MXE: ACTIVE Aelo] Qi
g 4 Atk B AFo)MEe evenl_gueuert B shrtel HutzRg
Ue 7= 4$E 23y

€ A7l A48 o4kAA Al oM drelEL IY s
Eig=

m. Ag#eld A= 9 1%

€ oA AgE JAZ ME LEDE DS F kA A
F &, AUz go] 2Y 4o EAE AH (FAAAETY Z HE
Abo]g} baseo] LA o] e HAZTAMY o]al F3)elM H
7iabZ o] WARTE 74 $-of Wiz AlElelHde £t A EH
olMel A= 1%y 99} 2% 103} 29 11, 283 1Y 129
gk 0% 99 2% 10 AT 2de] w3 Y Fotel &
MEEZ AElE Ystdo 2Y 113 2% 12 4T Yo =
€ MEEo] &M #42 9 HHE dsidoh YuRge]
o3 At MAAZTE AFolM F¢ IY 4oy Heg 3
F/Y3 VELEE HJAZE B3N HEsg deo) gipe iy
Z %8 B3l 2202 Heddh Uiy E 1o4M oL
uiel o] FAO HMELEr} YAo ML 45Nt 3u) YT v
27] el 2 og HUX YF2 By Hegoez e
ddig 7bx Hx g

3% 9x HA44elel B3 APe ueidich B3 Yo
Aol M 9N Huzgde H/9d HEo W ARy =
2™ 4ol Y2 EAD AHA §Rse] AFeelM 2o

1 repeat until even!_gueue is empty

D> get the imminent event set
2 t:= the minimum next event time;
3 while TIME. OF. FIRST (even!_queud ==t
4 remove FIRST (event_queud from event_queue
and add the ce!l associated with the removed
event to current_event_set
5 end while
D determine the next stale
6 for each cell in currenf_even{_set
7 execute the state transition function and
store the result;
> change the stale .
8 for each cell in current_event_set
9 change its state to the stored next state;
D> schedule beighbor cells
10 for each cell in current_even(_set
11 schedule state transition of the neighbor cell
which become alive now;
12 flush current_event_set;
- D for next loop
13 end repeat

Fig. 8. Normal Activation Process observed at each
0.01 second{Dark cells are activated).

oare 0.012 T2 JUT ME B HEHE AU
3% 9o)M Ajgellold AFE IS b g Prh HAle ¥
A Bye FYAeol $4HA B A AYUPYL & & Ut
sty 2 4olM & £ UASe] HHAUY T8 Fo] £ 4
Bt 2wf % FYr) wiRelch IY 9{e) ol & 4 ARl H
WREHANA HrixpZoe] Qlsbe £ 0.05%7F A o A #©
g3t Bye LHAe &H3 BYsr SRy HAHLL
Hexoz UMy AYHT Y€ ¢ & Uk 28 0.06
29 AHAME /MMl 2% BAHREURES L & Utk

2% 102 vy AAERe] WA g Jebdch A2 A%
o] AlEH ol Mg I8 HutzgHe AU base FEO AF =
3Y 40M ‘6’2 EAE Ao fiaste] Algeeld Ao ¢
e 0,005 TT AT MEs] BN AeiE: 3Y3Ach
3%y 1044 Agefold AT BAsE o gof. YU
A3} YL FAMol $HA KB 24 PP & £ Utk
olak 23 AR EUolM HrxpZe] Azt F 0.06E7F 7
e Aol B (AL oA 37 AT HYAAMY
A5 Yoo SHAe YAz BF BAENEA e g
4d¢ &+ AUtk

(c) after 0.03sec

(b) after 1.02sec

(¢) after (1.05sec (f) after 0.06sec

(d) after 0.04sec

Fig. 9. Abnormal Activation Process. (Ectopic Stimulation
is applied at the location marked‘® in Fig. 3.
a9 12 29 12 d4miyy 243 Ayl nx dsd
Aldel g3 AHE 3aide 2 JeRglc.
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(c) after 0.015sec

(d) after 0.020sec (e) after 0.025sec (f) after 0.030sec

Fig. 10. Activation Time for Normal Process.

activation
time

Fig. 11. Activation Process for Normal Process.

Fig 12. Activation Process for Abnormal Process

V. 8

% A7 Zae Y4EZ & (Pacemaker)ol o8] wAlE
Jlatdel Y2el 7 MEE wWel URsle e ARelolde
FYVLZA Y2 B4 W2 U UE 54 Y o
+ k. wekA deshal welgelste 4% AL WA v
3 H4E & 4 Ak & Y 420 VA BN B
Mg 7)o £4 9 g, ME 2§, 4% HUE AT, uy,
2En 4T Aol ol27] 7 Ty Y3 AVE AgelelH
T 4 oDz wie f83tA Agsleie) Mztu,
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