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Abstract

Modelling and Simulation of the activation
process for the myocardium is meaningful to
understand special excitation conduction system
in the heart and to study cardiac functions.

In this paper, we propose two dimensional
cellular automata model for the activation process
of the myocardium and simulated by means of
discrete time and discrete event algorithm. In the
mode], cells are classified into anatomically
similar characteristic parts of heart; SA node,
internodal tracks, AV node, His bundle, bundle
branch and four layers of the ventricular muscle,
each of which has a set of cells with
preassigned properties, that is, activation time,
refractory duration and conduction time between
neighbor cell. Each cell in this model has state
variables to represent the state of the cell and
has some simple state transition rules to change
values of state variables executed by state
transition function.

Simulation results are as follows. First,
simulation of the normal and abnormal activation
process for the myocardium has been done with
discrete time and discrete event formalism. Next,
we show that the simulation results of discrete
time and discrete event cell space model is the
same. Finally, we compare the simulation time of
discrete event myocardium model with discrete
time myocardium models and show that the
discrete event myocardium model spends much
less  simulation time than discrete time
myocardium model and conclude the discrete
event simulation method is excellent in the
simulation time aspect if the interval deviation of
event time is large.
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(040+1+0+0+41) mod 2=0

d

(1+140+1+141) mod 2 = 1

- neighborhood of a cell;;
= {cell;‘u,cellij-1,celli,j,cellpu,cell;“)
~ state transition rule ¢;(t+4t)
FOgia3(0), @ i5-1(0), ¢ 35(8), @ e15(t), @15 l(t))
= (@130, dig-i(t), ¢i5(0), di15(t), P i51(t)+1) mod 2
- apply f( -) for all cells

"

Fig. 1. Example of two dimensional CAM
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Fig. 2. System texanomy

o] AkAIZF Al A®l(discrete time system:DTS)3}
o] AtAL A Al 2 ®l(discrete event system:DES)9] A
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WA AH(AV node) Atole] A7 % ZE(internodal
track), WAZE, Auy JH& JFdde KT
AE A2 3|A%E(bundle of His), Z(bundle
branch), Z2#lx F 27| A (purkinje fiber)
oz FAHAHM AYZe FPIAARLE FE F
wAAN Ad3 A2 agln $AAETA I8
ooy} HAZY FAIAAHLS HAEAZE T4
sla gle dl e H/F Fo F271de A/7t
743 dA gA4gEo] $5uey HT F2I1Y
of MHZ YEAANE A=TH FA ASUFo
2 QJAHY AUTE, 1%, 18a AdggFez
GEAAE A dITAZTEL ZEHYA ®
7 A wEElE SAHEES JHAE I AEZEY A
A9 RHEZ (8 AT FF L IFAEAL,
37 A )l uhgh QAT AXRE FEAHY
§ AEg B 7oA AL ASHAXEY 5
AL B 17 2o EFFEAE A2ddr 4
ZHAEES EAFHE NS =43EE 1Y 4
Pt

Table. 1. The myocardium parameters.

;.Lf o =AY (us) 247 A2 8871

AL Ay (A2 29 wg|ye 4 pg | @s) [AZ ms)
Purkinje fiber {3375 -$)389(#)1125 $)1167 38 130
Subendocardial 6818 20454 38 120
Midlevel 5357 16071 32 105
Epicardial 5357 16071 28 90
Internodal, SA 2000 6000 25 85
AV, Hisbundle 10000 30000 25 85

Fig. 3. Structure of the heart(left)
Fig. 4. The spatial activation time(right)
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Fig. 5. The 2-D CAM for the myocardium
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o] Rdg A 3 AL AgEs
(state  variable)5& AW EW A4 (phase
variable ‘Phase)$} A]ZF®¥ 4=(time variable; counter
CNT)Z FEEY. d¥se 843, 287, a9
I ¥ @S FHE BEASE A 7HA gg JHRA
Hol AZeSE 853999 AR A zHconduction
time), F43AElY A& A7 B4 x4
Al o2 FEEAD. 2 NEE9 Aee Ay
o] ol ofs) Holmr}

FAAEE w48t 4

if one of neighbors is activation{neiehbor
A} && ACNT==A.conduction time

FAMEE 48 4
if CENTERCNT==8%:8} A&

€GN
S = {(Phase,CNT)Pnase€(ACTIVE,
REFRACTPASSIVE}, CNTEI')
N = {04000~ 1,{104- 10}
T & s TS sitisetid)
where, s;j denotes the state of the cel

located at (ij
FAAEE 887 99 e . 6)
1 = &A1
if CENTERCNT==#47] A4 42t trmsion funeion o CNTER CELL
27K BAH AY AT, ] FUNCTION T Sif180038543)
& AZS PE 92PN

T swith §;
(o surmmegngar Je—| ¢ ACTVE
v

i CNT>=xtivation duration
[ied Axd 3 A0 §5 49
v i+l
[ i<-2& HEd A%

retum (REFRACT.CNT=0)
case REFRACT
= n if CNT2sefractory durtion
EX TR L SRR S i fyy — 1etum {PASSIVECNT=[nf)
vy N if my one of §i5,851804;,801; 15 ACTIVE
L & ] et (ACTIVECNT=)
Fig. 6. Flowchart of disc. time CAM(up)
Fig. 7. Transition rule of disc. time CAM (down)
Fig. 8. Specification of disc. time CAM (right)
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AEE e Ay JdgHo s+ F93)
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AZith 18 o ur Alzke] £ AE ojAbo] Abe)
Aolg 878 Hedd: g A3 X9
(priority)ol we} 3ute] AEE Hesle] Aol
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3 A4 388 A2 dEhE 29 99 gon,
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Fig. 9. Flowchart of cell selection process(up)
a) the time advance function b) the select function
Fig. 10. State transition rule of DEVCS(down)
Fig. 11. Flowchart of myocardium DEVCS(right)

C=<SNT.SELECT>
S={(s3CNT,L_T)Is3€{ACTIVE,PASSIVE,REFRACT}, CNTE[',
L_T&{Long,Transv,Active_End}}
N={(0,0),(0.1),(0,-1),(1,0,(-1,00}
T ¢ (514,8i+1,i-1,8i43,8i-15Y= T (834,811,811, 15, 801)

where, sij denotes the state of the cell located at (i)

transition function of CENTER CELL
FUNCTION  T(sij,Sije1,8ij-1.8i+13,Si-15)

switch si
case ACTIVE
if CNT==0 && L_T-Long
si;=(ACTIVE,CNT=transverse-longitude_T=Transv)
if CNT==0 && L_T=Transv
si;=(ACTIVE,CNT=active-transverse,L._T=Active_End)
if CNT==0 && L_T=Active_End
sij=(REFRACT,CNT=refractory,.L_T=no care)
case REFRACT
it CNT==0
si;=(PASSIVECNT=Inf,no care)
influencing ;

if any one of sjj-1,8ij-1 is PASSIVE && CNT=0 && L_T=Long
set that CELL's state (ACTIVE CNT=longitude,L._T=Long)

if any one of si-isi-1; is PASSIVE && CNT=0 && L_T=Transv
set that CELL's state (ACTIVE,CNT=longitude,L_T=Long)

where ‘no care’ denotes no care condition.
longitude, transverse means the conduction of activation passin
through the cell in the longitude, transverse direction.

Fig. 12. The specification of DEVCS
4 ANEHH ¢ Ax 1%

B drdNe 429 848338 44 oue
F ES 29 59 2e AT CAME Aaq
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Fig. 13. Nomal activation process of DEVCS(left)
(a)0.00 (©)0.03 (c)0.05 ()0.16 (e)0.17 (£)0.21

Fig. 14. Abnomal activation process of DEVCS
(a)0.00 (b)0.02 (c)0.04 (d)0.06 ()0.08 ()0.10sec
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RO ERQ ge AEdolA Alzte] £28¥e o &
AR o} e AFA}E DISC_HE $8s5i= 2
o= CAMUY ZE AXE9 NS HAAsn
R HEFE AYslr] wFo|t}k wiHd DEVS
He AlEHol Aol E Aldo] BAsE HEEL
AREZ AZsn AHAEZ ARy TS
BT E AYEy) fFo] Aoz A
Fol FAsH7] W)t wetA o]AkabA CAM
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Table. 2. The comparision of simulation time in
discrete time and discrete event CAM(Unit:10ms)

2d 003z | 005% |016%017x ][ 0212
DISC_H | 4086 | 6797 | 21973 [ 23065 | 27693
DEVS_ H|{ 3 5 8 11 63
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