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* From 1990-2000, over 200,000 pacemakers were recalled due to firmware issues
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* Pacemakers are programmed with 80,000 to over 100,000 lines of code sinoatrial node (heart’s “pacemaker”) wiorer B
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_  Each node and path is represented by a finite state machine
Configuration » State transitions are governed by timing parameters, based on signal
———— | and Visualization ) )
Ul propagation properties of the heart
Path ﬂ
pace I NOde m
.
pace
-
hoat Anal Diqital Self-depolarized
) : Ant
alog-tighal Virtual Heart Abstract R e or acivaed isheq
Conversion Unit C D
heat | Models C Q
Image Credlit
Mectronic
Activated* U
FPGA Implementation - N i fF l}
path_timer = 0; - ~inActive)8&(inActive2 2 = .i:t _&it:t 1 finActive] :
& [W} S e B —— 5
0 200v/ @ 200v/ @ 200v/ @ 200v/ % 00s 50008/ Auto £ [ 169V — [ ( H
ZEE . bek_timer_cur==0 && (~inActive1 [forw_timer_cur==0 && (~inActive2)] e
Simulink [(~inActive) & (Trest_cur==0)] E;trgﬁﬁagn:??gck_ﬂmer_cur—‘1; .,mﬁﬁi?ﬂ;%;m'{_“mer_dEt e —0; ESE:EEEE;?FFGMJMMJ% gﬂéf{fu’:*qiitﬂ;:;;%‘;”:f"”’"—“’“e’—‘l“"t
Models e ot =
FP r‘::tti_fL]JrZTrest_def; "fEFJ_P - i fnActve? ;
TERP_def = Terp_max: :’J; %E‘F‘j - UU;: TERP curt. [(forw_timer_cur I= 0) && (bck_timer_cur I= 0}]
path fmer = 13 du path fimer =0, bek.Tmer Surbck Gmer def)
du: state=2; finActive] |
e . ! FERP_dEf_T{Frrsﬁ:lrﬂa:(ﬁerp__mm}* _ Double
fctivel o . tmer = 3{1 C-ratio)(1C-ratio)*(1C-ratio)); . e
| T e e o et e
Terasic DEO-Nano Board . 5 \_ - e e e
Altera Cyclone IV FPGA l
NI T del d |
* Current Model: 19 Nodes and Paths MO e Base Deve Opment
* LUT Utilization: 34% .
. * Use models (finite state automata) to represent relevant systems and states
* RTL schematic subset below Period(1): 702.64ms _ JJA(T #-+2 7). 158 64ms , _
- o * Use simple models of the nodes and paths to build a complex model of the heart
L o QT [y 1! * Preliminary Heart Model Output using MATLAB Simulink (heart model shown on right)
I ji— * Spikes represent node activation, when the * Use automatic code generation tools to convert models to HDL for the FPGA board
:— — node receives the signal e Substantially reduces human coding errors
L3 * Shows signal propagation through the heart e Can use model-checking tools (e.g. UPPAAL) to verify model properties and
=T specifications




