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= Abstract=

A Study of ECG Pattern Classification of Using Syntactic
Pattern Recognition

Seung Woo Nam, and Myoung Ho Lee

This paper describes syntactic pattern recognition algorithm for pattern recognition and
diagnostic parameter extraction of ECG signal. ECG signal which is represented linguistic
string is evaluated by pattern grammar and its interpreter—-LALR(1) parser for pattern
recognition. The proposed pattern grammar performs syntactic analysis and semantic
evaluation simultaneously. The performance of proposed algorithm has been evaluated using
CSE database.
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ksn . negative peak with small slope
klp : positive peak with large slope
kin : negative peak with large slope

: straigh line segment
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PK = {xlk, ylk, xmk, ymk, xrk, yrk, Ek,
anglek }
o 7] 4]
(xlk, ylk) : left boundary of the peak Pk
(xmk, ymk) : peak extreme of the peak Pk
(xrk, yrk) : right boundary of the peak Pk
Ek : energy of the peak Pk
anglek . angle of the peak Pk
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S={xls, yls, xrs, yrs}
(xls, yls) : start point of the segment S

(xrs, yrs) : end point of the segment S
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#e 1@l BNF(Backus Normal Form) &%
3 oERES AFoz AW 1 violth
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(ecg leads) — (ecg.lead) (ecg leads)
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(nonterminal symbol)E& J7}A 1

—e
(ecg-lead) — (init_part) {cardiac-cycle)
(fin_part)
(init-part) — {segment) {init_part)
—e
(fin-part) - (segment) {fin_part)
—¢
(cardiac cycle) — {coupled_p) {qrs) {coupled_t)
(ars) — (q) (r) (s} {rp) (sp) {rtp) (stp)
— (r) (s) (rp) (sp) {rtp) (stp)
— (q) (r) {(s) (rp) (sp) (rtp)
-+ (r) {(s) (rp) (sp) (rtp)
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+ {q) (r) (s) (rp) (sp)
— {r) {(s) {rp) (sp)

— {a) (r) {s) {rp)

— (r) (s} {rp)

= {q) (r) (s)

—+ (1) {s)

— (@) (r)

= (r)

— {qs)

if (QRS_recognize() == OK)

reduce “qrs”
else

error-recover()

{coupled_p) — (p) (inter_seg)
P_-recognize() ,

clear -buffer() ;

{coupled_t) — (inter_seg) (t)
T.recognize() ;

clear _buffer() ;

(inter -seg) — (segment) (inter_seg)

— £

if(look_ahead ks() == OK)

shift “e”
else

reduce “inter_seg”

(p) — (ksp)
— (ksn)
— ¢
buffer[ number} = token ;

number = number+1 ;

(t) — (ksp)
— (ksn)
— (ksp) (ksn)
— (ksn) (ksp)
e
buffer[number] = token ;

number = number+1 ;
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{r) — <klp)

(rp) — (klp)
(rtp) — <klp)
{q) — (kin)

(as) — {kin)

(s) — (kin)

(sp) — (kln)
{stp) — (kln)
{segment) — (e)
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7}. QRS .recognize()
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if(QRS_-width > 0.02sec)
return OK
else

return ERROR

L}, p-recognize()

W Aol zejmge JEn I
2452 NI PHE AN Frolth Hol
A9 A7} RR intervald] 1/2uj¢] &5t A
E ¥ Z(angle)o] BEARG #3 oz go
7% & AL Poz MY

for(i=0 ; i<number ; i+ +)
{
if (buffer[i].peak_position < R-R interval/2
& & buffer[il.angle < threshold-1)
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{

select the maximum energy value ;

C}. T-recognize()

P3 Q13 e o qiAgtt %, Fola
o] $1x7} R-R intevalel 2/3W¢) ZAstes A=
% ZH(angle)o] EHX R &3 oiA gel 7}
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for(i=0; i < number ; i+ +)
{
if (buffer[i].peak . position < R-R interval*/2
& & buffer{i].angle < threshold_2)

select the maximum energy value ;

2}. clear buffer()
Pot 143 T A48 9a) Aedd v g
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for(i=0; 1 < number ; i+ +)
{

buffer[i}=0 ;
}

number = 0 ;

0. look_ahead -ks()

o] I HAAFo EAsE FE(Conflict) &
4& BAst7] A% etk w43 LALR() #
X 9] actiong 7} shift/reduce e & F Ao 7}
7 71 WEY TS d¥E =yujgn 2o
4 E7E “ksp”it “ksn”QlAE A¥ Rt

if(next token = = ksp or ksn)

return OK ;

else

return ERROR ;
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‘ set ip to polm to the hrsL symbol of w $

repeat forever begin

1
(
let s be the state on top of the stack and ~
| a the symbol pointed to by ip | 1
l if action[s, a] = shift s’then begin
| push a Lhen s'on top of the stack ; ‘
advance ip to the next input symbol J
end
else if action[s, a |=reduce A7 then begin
pop 2* | #1 symbol off the stack ;

let s'be the state now on top of the stack ;

push A then goto[s', AJ on top of the

stack ; }

output the production A—§
end

‘ else if action|s, a]=accept then
|
i

return ‘
else error() |
[

i

Lend

a2 2-3 LALR(1) #4119 actiondr gud =
Fig. 2-3 The algorithm of action function of LALR
(1) parser

' ECG.Y Yacc ECG.1
(Pattern (Parsing
Grammar) COMPILER Table)
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Fig. 2-1 Construction of parser using the YACC
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Fig. 22 Model of an LALR(1) parser
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recognition algorithm
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Table 4 - 1 Extracted point from pattern recognized

signal of normal wave

type onset  peak offset peak -amp
POS-P 89 110 150 158
POS-P 540 588 618 172
POS-P 1020 1060 1085 154
POS-P 1470 1502 1549 184
POS-P 1920 1955 1999 179
POS-P 2397 2428 2480 162
POS-P 2887 2919 2942 150
POS-P 3348 3387 3430 165
(a) Pobo] 33t 7y
type onset peak offset peak .amp
QRS-RS 191 213 263 220
QRS-RS 659 677 723 291
QRSQS 1142 1165 1198 -711
QRS-RS 1583 1604 1656 251
QRS-RS 2040 2058 2106 284
QRS-RS 2511 2534 2587 287
QRS-RS 2990 3011 3060 190
QRS-RS 3461 3481 3537 293
(b) QRS<ro) #3 24
type onset peak offset peak_amp
POS-T 321 369 422 291
POS-T 750 835 890 314
POS-T 1239 1304 1350 334
POS-T 1704 1762 1800 320
POS-T 2149 2219 2260 339
POS-T 2687 2688 2742 335
POS-T 3114 3162 3219 287
POS-T 3580 3637 3692 351
(c) Tapel] @3t FBZ
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Fig. 4 - 1 Patiern recognized signal of normal wave

B 4-2 34 #3e st A4g Arhe
CSE database2}e} vl
Table 4-2 The result of comparison between

normal wave result and CSE database

LEAD Pon Poff |QRS on |QRS off| T end
CSE | 1467 | 1530 | 1587 | 1656 | 1807

! NgAsH 1505 © 1540 | 1591 | 1662 | 1800

CSE | 1473 | 1552 | 1588 | 1656 | 1810

I Sy ATy 1470 | 1549 | 1588 | 1656 | 1810

CSE | 1477 | 1537 | 1589 | 1657 | 1812

v AP A 1460 | 1550 | 1582 | 1648 | 1818

Vi CSE | 1477 | 1538 | 1591 | 1657 | 1813

H¥ Al 1484 | 1517 | 1591 | 1660 | 1820

Vs CSE | 1478 | 1540 | 1593 | 1657 | 1815

H@AR 1500 | 1532 | 1595 | 1658 | 1812

vs CSE | 1479 | 1541 | 1593 | 1659 | 1818

d¥A 1503 | 1539 | 1590 | 1660 | 1800

CSE | 1480 | 1541 | 1594 | 1659 | 1819

ve N¥ A 1481 | 1539 | 1589 1660 | 1801

ERROR MEAN(ms) ; -20.57 | 3.71 | 2.57 -0.85 | 9.42
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Fig. 4:2 Pattern recognized signal of arrhythmia
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Table 4-3 Exiracted point from pattern recognized

signal of arrhythmia

type onset peak offset peak amp
POS-P 20 51 78 142
POS-P 540 645 701 —190
POSP 1118 1140 1171 138
POS-P 2302 2332 2357 179
POS-P 3171 3216 3242 95
POS-P 4328 4366 4381 132
(a) Pujol] st 734

type onset, peak offset peak .amp
QRS-RS 78 95 112 1241
QRSRS 842 859 875 1202
QRS-QS 1203 1223 1240 1189
QRS-RS 2044 2062 2080 1292
QRS-RS 2399 2416 2432 1301
QRS-RS 3242 3263 3280 1204
QRS-RS 4088 4018 4125 1218
QRS RS 4422 4444 4461 1207

(b) QRSO #& T8
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type onset peak offset peak_amp
POS-T 200 257 298 244
POS-T 960 1015 1056 309
POS-T 1310 1304 1418 347
POS-T 2180 2224 2257 348
POS-T 2520 2566 2601 247
POS-T 3350 3424 3469 344
POS-T 4222 4266 4295 301

(c) Tatoll &t &

H 4-4 249 5go] 7Aste} CSEdo]E} wo)x

shel wlm
Table 44 The result of comparison between

arrtythmia result and CSE database

LEAD Pon P off |QRS on|QRS off| T end

CSE | 747 807 819 870 | 1041

'k A 800 827 842 877 | 1058

CSE | 748 813 821 872 | 1060

! AR 740 820 831 880 | 1058

CSE | 748 816 825 875 | 1061

= AR AT 760 821 840 900 | 1050

Vi CSE | 751 818 825 876 | 1061

q94F 761 820 842 899 | 1059

CSE | 764 832 838 887 | 1064

ve AHA 764 808 841 900 | 1099

Vs CSE | 765 832 838 887 | 1065

Agds 760 837 837 881 | 1059

ve CSE | 766 832 840 890 | 1067

A3 Azl 540 701 842 875 | 1056

ERROR MEAN(ms) | -17.71 | -4.28 |-19.71 -10 | -5.71
I 4-4014 4 F ARl FE= V6Y Pi 9

7} CSE dlolg} o9 gt @& Ao/} o
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