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9 Pacemaker Modeling in UPPAAL

Interaction
netween the
nacemaker and
neart

LRI automaton

Heart

Pacemaker

Tt | AIN R _é_} AinB :___._D_:__—:
| — o F---M = |
| LVin | £ |vinB | T2
- RH_a, | > m i """ o g):
. RH_v | - oS
Y e ap Tttt ap oy st
I < |
| | <
| V_p vp_ Il o> |
. __ :( D _IL___Q-___J
inter
V_S7 QC‘\ ) V_S!
=0 VinB?H t=0
t=0
t<=LRId-AVId

t>=LRId-AVId

a_p! VRPst1

v_p? VRPst2

t<=VRPd

t>=VRPd

VRP automaton

PVARP automaton

st3C
C

O uri_s? st3
> ®
t>=AVId && (URIex==1)¥

t>=AVId && (URlex==

st2
t<=AVId

uri_s!

V_s?
t=0, URlex=0

URI automaton

t>=URId

URlex=1

1 ¢{<=dH a

Ain? t>=dL_a
t=0 AinB!
t=0
10

t>=MinWait

1 t<=dH v

Vin?
t=0

10

Pulse!

t=0

Art_pace?

t=0, URIex—O

t=0

RH

t>=dL v
VinB!
t=0

Atrial and Ventricular buffers

t<=MaxWait

Random Heart

Network of
UPPAAL
automata
Py, Pq... P,

clk

Send events

1 |

9 UPP2SF: UPPAAL — Stateflow

|
.1 Pn : Legend:

— — Parallel
— — States

Exclusive

Translation procedure maps:

 Guards and clock invariants

* Synchronization over binary and
broadcast channels
Committed and urgent states

states

WCET Analysis
* add variable tr_cnt

* resets tr cnt =

t>=
t=0, tr_cnt=0

t<=1
A[ Jtr_cnt <

trent +1
1

N

ePacemaker Case Study

Pacemaker timing cycles
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@ Code Synthesis

///’7 Listing 1. bi tsForTIDO definition ‘\\\\
struct { if

uint T is LRI:2;

uint T is PVARP:2;
uint T is VRP:2;

uint T is URI:2;

uint T is active AVI:1;
uint T is active LRI:1;
uint T is active PVARP:1;
uint T is active VRP:1;
uint T is active URI:1;
uint T is active Eng:1;
uint T is Eng:1;

uint T is AVI:3; switch

Listing 4

break for

}
}

checkTrans () ;
. break;
Listing 2. Rt_OneStep procedure
detect which of the input events are active; default:

for each of the input events {

processState()

break;
uint T URI ex:1;
} bltsForTIDO case SubStateName?2:

procedure

/* the loop below is - checkTrans();*/
for all transitions in ex. order {

if transition enabled {
execution transition actions;
reset the corresponding temporal counters;
update rtDWork.bitsForTIDO.is NAME;

/////"(rtDWork.bltsForTIDO.1sactiveNAME = 0) {ﬂ‘\\\\\\

(rtDWork.bitsForTIDO.is NAME) {
case SubStateNamel:

rtDWork.bitsForTIDO.is NAME=IN NO ACTIVE CHILD;
ifFventName 1s active { break ; - - = -
sf previousEvent = sfEvent ; \\\\\\i 4‘//////
_sfEvent = EventName; }
|cl_ChartName();|

reset
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. PVARP i PVARP PVARP PVARP
VP = VentrICUIar paCe, VRP VVRP VRP VRP
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. LRI LRI
AP - atr!al pace, = —
AS - atrial sense. URI URI

. Haent== u&&fmm—- ) MR after(dl_v-n_t, c )bk |
ILi & [(zen 1»-4] [(sen i u:--ef-:--_nv_H v-n_t, dic )| iemporalCount (clk)==dH_w 1 _stkvent_ = sf_previousEvent;
wi:g;E“*_“-_fﬂ_l“_"__‘_:ifj________;if:‘_L_f?TJ_’{T*_:I b _g:ﬁ:;;g;}::::::::::::::::_ - /~  Listing5. broadcast_tt () procedure I

;,.-‘E sent== 5}jsent=9 send | - 1__ gl{sants- &:aend (Ank} @ r'fHH_ﬂ 2.1 3 (sent~=- 8 jJ{{n_t=0} il update the outputs; static voidbroadcast tt(void) {

l-‘ ng " !\UI " (A ! __D_HH -1 [(sent== 0 }&&{comm== 0 }&&{after{MinA-n 1 115, . kdate the inbut e\,/'ents states: / intl6 T sf previousEvent;

| [sent== d}{sent=- 4;send (v_s ¥ I [eent== T]{zent= & Zend (A :;.-J.ll u:-e-i:-eﬂ.-'.;:#. n_t ||._1err1:-:|a._,-:h.1 (clk 7= = Mahr ] ,.J 2 P d

————————————————————— E 1 1 3 B ' — .

i I [sent== 3 }fsen J_:__E_"E'_"::_'-_-_ [sent== &]{sent=- 7,sand (VinB )} | .:}_:_==='{:-:':.:.:f:::':‘:‘:.:.:.:::‘ :::: Listing 3. cl=ChartName () |procedure Sf_glégz;?éSEZezsent_iigvent_’

| [sent== 2 }{zent=- 3 ;3end (a 3 .IEF'E"'1==__?J{3'E"'1'—" R (L8 :'i}lll RH v o Hzent-=-3)J{n_t=0} - ; increase counters associated with sfEvent ; [c1 ChartName ();|

i fpent< O )faent= 0 zend (1)} || - [(sent== 0 jt&{comm== LE.-E.[-E‘“-E:I_M - 1___-_-_:-_."_5...."_5..... 'l for each of the parallel states { stEvent = sf previousEvent;
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CPU Average | Minimal | Maximal | Standard
frequency ex. ime | ex. time | ex. ime | deviation
AMHz, OL | 176.1us | 167.6pus | 462.9pus 14.2us
i 4MHz 1809us | 167.6us | 738.2us 17.3us
|mp|ementat|on —0n top S8MHz, OL | 80.5us | S4.7us | 234.6ps | 7.2us

8MHz 92.0us 84 9us 370.4pus 13.Tus

Real-Time requirements - e.g., Pacing in the atrium:

1. AP cannot occur during the interval 0<t, < LRI -AVI;

2. If AS does not occur within the
t, = LRI,-LRI,

3. IfASoccursatt, (0<t,<LRI;-AVI,), AP should not be
applied 1n the atrium within the interval 0< t, < LRI -AVI,.

Interval, AP should occur at ‘
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