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H e  r e c e i v e d  t h e  M .S c  i n  1 9 6 8  i n  t h e  F a c u l t y  o f  
E l e c t r o n i c s  a n d  A u t o m a t i o n  o f  t h e  L v o v  P o l y t e c h n i c . 
I n  1 9 7 3  r e c e i v e d  P h D ,  a n d  i n  1 9 8 7  D S c  d e g r e e . F o r   
a  y e a r  2 0 0 0  i s  w o r k i n g  i n  t h e  F a c u l t y  o f  M e c h a n i c a l  
E n g i n e e r i n g  a n d  C o m p u t e r  S c i e n c e s  o f  t h e  U n i v e r s i t y  
o f  B i e l s k o  B i a ł a . A t  p r e s e n t  h e  i s  a  p r o f e s s o r  a n d   
a  c h a i r m a n  a t  t h e  D e p a r t m e n t  o f  E l e c t r o t e c h n o l o g y  
a n d  A u t o m a t i o n s . H i s  r e s e a r c h  a c t i v i t i e s  f o c u s e s  o n  
s i g n a l  p r o c e s s i n g  a n d  m e a s u r e m e n t s  w i t h  p a r t i c u l a r  
i n t e r e s t s  i n  s y s t e m s  a n a l y s i s  a n d  s y n t h e s i s . 
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A b s t r a c t  
 

T h e p ap er  p r ov id es  a Q R S  d es c r ip t iv e anal ys is  of  t h e E C G  p l ot s  ob t ained  
f r om  a D ig it al  S ig nal  Pr oc es s ing  c ir c uit r y.  I n t h e c ons id er ed  h er e p r oj ec t  
t h er e h as  b een us ed  a h ig h  p er f or m anc e D S P 1 6 -b it  m ic r oc ont r ol l er  of  t h e 
d s PI C 33F  f am il y.  I t s  c ap ab il it ies  c om p r is e of  d ig it al  s ig nal  f il t er ing  and  
p r oc es s ing .  T h e aut h or s  h av e at t em p t ed  t o p r ov id e h er e a d es c r ip t iv e 
anal ys is  of  t h e E C G  t r ac ing ,  es p ec ial l y of  t h e Q R S  c om p l ex .  At  t h e 
b eg inning  t h e anal og  d at a f r om  E C G  el ec t r od es  h as  b een c onv er t ed  int o  
a d ig it al  f or m  f or  f ur t h er  D S P p r oc es s ing .  I n t h e nex t  s t ep  d at a h as  b een 
s ent  t h r oug h  t h e S PI  b us  t o t h e m as s  s t or ag e d ev ic e,  s uc h  as  t h e r em ov ab l e 
F l as h -b as ed  m ed ia c ar d  f or  f ur t h er  anal ys is .  F or  a p r ac t ic al  r eas on  
a v er s at il e S D  c ar d  h as  b een us ed .  
 
K e y w o r d s :  D S P,  c ar d iac  s ig nal ,  m ic r oc ont r ol l er ,  Q R S ,  E C G ,  PI C m ic r o.  
 
Badanie  i inte rp re tac j a z e s p oł u  E C G -Q RS   
w  u k ł adz ie  m ik rok ontrol e ra ds PIC  

 
S t r e s z c z e n i e  

 
W  p r ac y p r z ed s t aw iono z as t os ow anie uk ł ad u p r z et w ar z ania s yg nał ó w  d o 
b ad ania z es p oł u Q R S ,  p r z y int er p r et ac j i d anyc h  E KG .  Z es p ó ł  Q R S  
od z w ier c ied l a el ek t r yc z no-im p ul s ow ą  ak t yw noś ć  s er c a.  R ep r ez ent uj e on 
p ob ud z enie,  c z yl i d ep ol ar yz ac j ę  k om ó r  s er c a.  M a on t ak ż e s z er ok ie w id m o 
c z ę s t ot l iw oś c i.  C el ow e s t aj e s ię  t u z as t os ow anie p r oc es or a s yg nał ow eg o 
D S P,  p oz w al aj ą c eg o na p r z et w ar z anie s yg nał ó w .  C h ar ak t er ys t yk a i k s z t ał t  
z es p oł u Q R S  d aj ą  naj w ię c ej  inf or m ac j i o p r ac y s er c a.  Anal iz ę  Q R S   
w  d z ied z inie c z ę s t ot l iw oś c i p r z ep r ow ad z a s ię  z a p om oc ą  s p ec yf ik ow aneg o 
m od uł u m ik r ok ont r ol er a:  D S P E ng ine d o p r z et w ar z ania s yg nał ó w ,   
w  k t ó r ym  w yk or z ys t yw any j es t  s p ec j al ny z es t aw  ins t r uk c j i D S P 
I ns t r uc t ion S et .  Z naj d uj e t u z as t os ow anie d ys k r et ne p r z ek s z t ał c enie 
F our ier a D F T .  D o anal iz y z es p oł u Q R S  w yk or z ys t ana j es t  t ak ż e f unk c j a 
aut ok or el ac j i.  Pr z y anal iz ie c z ę s t ot l iw oś c i s yg nał u w yk or z ys t yw any j es t  
k ol ej no f r ag m ent  Q R S  w  op ar c iu o f unk c j ę  ok na,  z naj d uj ą c ą  s ię   
w  p r og r am ie.  
 
S ł o w a  k l u c z o w e :  m ik r ok ont r ol er ,  PI C m ic r o,  Q R S ,  E KG .  
 
1 .  Introdu c tion 
 
A  v er y  imp or t ant  f act or  in a d iag nos is  of  h ear t  d is eas es  p l ay s  an 

E C G  s u r v eil l ance.  N ow ad ay s , t o imp r ov e a h u man h eal t h  car e 
t h er e is  a g r eat  need  f or  mob il e d ev ices  t h at  cou l d  int er p r et  and  
t es t  Q R S  comp l ex it ies  ob t ained  f r om E C G .  A  new  g ener at ion of  
micr ocont r ol l er s  of f er  a g r eat  d eal  of  comp u t ing  cap ab il it ies  f or  
t h e ab ov e-ment ioned  t as k .  T h is  may  ap p ear  t o b e h el p f u l  f or  
g ener at ing  a b et t er  d iag nos is  and  f or  ob s er v ing  occas ional  car d iac 
ar r h y t h mias , w h ich  ar e d if f icu l t  t o id ent if y  u s ing  a t r ad it ional  
met h od .  A  micr ocont r ol l er  d r iv en s y s t em may  of f er  mor e p r ecis e 
d iag nos is , t h or ou g h  as s es s ment  of  s u ch  h ear t  op er at ion p ar amet er s  
as :  R at e, R h y t h m, I nt er v al s  ( P R / Q R S / Q T ) , A x is , H y p er t r op h y , 
and  I nf ar ct  ( Q R S T  ch ang es ) .  F or  p at ient s  w h ich  h av e mor e 
t r ans ient  s y mp t oms  a car d iac ev ent  monit or  w it h  a d at a s t or ag e 
d ev ice cou l d  b e u s ed  f or  t h e p u r p os e of  anal y zing  a b ig g er  s p an of  
t ime.  

PhD. Eng. B ohd a n B O RO W IK 
 
L e c t u r e r  a t  t h e  D e p a r t m e n t  o f  E l e c t r o t e c h n o l o g y  a n d  
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w i t h  p a r t i c u l a r  i n t e r e s t  i n  d a t a  a c q u i s t i o n . 
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T h e el ect r ical  anal og  s ig nal s  f r om a h ear t  v ia s er ies  of  

el ect r od es  at t ach ed  t o a p at ient ’ s  ch es t  h av e t o b e r ecor d ed .  T h en 
d u r ing  t h e anal y s is  s ig nal s  f r om al l  t h e 1 2  ch annel s  mu s t  b e 
comp ar ed  w it h  each  ot h er .  T h e l ead s  ar e:  
-  3  u nip ol ar  au g ment ed  l imb  l ead s :  A V R , A V L , A V F , 
-  3  b ip ol ar  l imb  l ead s :  I , I I , I I I , 
-  6  p r ecor d ial  l ead s :  V 1, V 2, V 3 ( on t h e r ig h t  s id e of  t h e ch es t ) , 
-  6  p r ecor d ial  l ead s :  V 1, V 2, V 3 ( on t h e l ef t  s id e of  t h e ch es t ) .  
T h e ab ov e l ead s  ar e at t r ib u t ed  t o p ar t icu l ar  p ar t s  of  t h e 

el ect r ical  cont r ol  s y s t em of  t h e h ear t .   
T h e B as ic L ead  G r ou p s  ar e:   

• I nf er ior  l ead s  - I I , I I I , A V F , 
• S ep t al  l ead s  - V 1 , V 2 , 
• A nt er ior  l ead s  - V 2  t o V 4 , 
• L at er al  ( l ef t -s id ed )  l ead s :   
- L at er al  p r ecor d ial  l ead s  - V 4  t o V 6   
- H ig h  l at er al  l ead s  - I , A V L .   
 

2 .  Q RS  c om p l e x  
 
T h e Q R S  int er v al  r ep r es ent s  t h e t ime it  t ak es  f or  a v ent r icu l ar  

d ep ol ar izat ion t o occu r .  T h e Q R S  comp l ex  is  a s t r u ct u r e on t h e 
E C G  t h at  cor r es p ond s  t o t h e d ep ol ar izat ion of  v ent r icl es .  B ecau s e 
v ent r icl es  cont ain mor e mu s cl e mas s  t h an t h e at r ia, t h e Q R S  
comp l ex  is  l ar g er  t h an t h e P  w av e.  
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F i g . 1 .  R e p r e s e n t a t i o n  o f  t h e  Q R S  c o m p l e x  ( p a r t  o f  a  n o r m a l  E K G  p l o t )   
R y s . 1 .  P r z e b i e g  E K G  w r a z  z  z a z n a c z o n y m i  z a ł a m k a m i  Q R S  
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A normal QRS complex duration equals to the range 80 –1 2 0 
ms,  w hat is represented b y  three ( or less)  small squares,  b ut any  
ab normality  of  conduction tak es longer,  and causes that QRS 
complexes get w idener.  N ot ev ery  QRS complex contains Q w av e,  
R w av e and S w av e.  I n F igure 1  it is show n the complete plot of  
the QRS complex f or a healthy  resting adult.  
T he most important is to assess the tracing f or QRS changes.  
F or this purpose,  the AV R lead can b e ignored.  
T he other 1 1  leads hav e to b e scanned f or Q w av es and check ed 

f or R w av e progression,  especially ,  if  there is a tall R w av e in lead 
V 1 .  T hen all leads ( except AV R)  hav e to b e check ed f or changes 
in the ST  segment ( i. e.  f or elev ation or depression)  and/ or changes 
in the T  w av e.   
I n a normal E C G ,  right-sided precordial leads ( V 1  and V 2 )  are 

predominantly  negativ e,  w hereas lef t-sided leads ( V 5  and V 6 )  are 
predominantly  positiv e.  
T he area,  w here the R w av e b ecomes greater than the S w av e 

( transition)  - occurs normally  b etw een V 2  to V 4 .  
T he microcontroller has to compare real plot w ith the pattern 

f or normal healthy  sub j ect,  and to thresholds.  
QRS duration can b e measured f rom any  of  the 1 2  leads of   

a standard E C G .  
I f  the QRS is w ide then there are only  3  possib ilities: there may  

b e Right B undle B ranch B lock ,  L ef t B undle B ranch B lock ,  or it 
must b e the presence of  I ntraV entricular C onduction D elay .  T he 3  
k ey  leads ( and the only  3  leads)  needed to determine the ty pes of   
a conduction def ect ( RB B B ,  L B B B ,  or I V C D )  are leads I ,  V 1 ,  and 
V 6 ,  as pointed to b y  [ 4 ] .  
 
3. Q T  I n t e r v a l  
 
T he QT  interv al is measured f rom the b eginning of  the QRS 

complex to the end of  the T  w av e.  N ormal v alues f or the QT  
interv al are b etw een 0. 3 0 – 0. 4 4  s.  T he QT  interv al as w ell as the 
correlated QT  interv al are important in the diagnosis of  the long 
QT  sy ndrome and short QT  sy ndrome.  T he QT  interv al v aries 
b ased on the heart rate,  and v arious correction f actors hav e b een 
dev eloped to correct the QT  interv al f or the heart rate.  T he QT  
interv al represents in an E C G  the total time needed f or the 
v entricles to depolariz e and repolariz e.  
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Fig. 2.  B l o c k  D ia gr a m  o f  e l e c t r o c a r d io gr a p h y  a n d  a n a l y s is  s y s t e m  
R y s . 2.  S c h e m a t  b l o k o w y  E K G  w r a z  z  s y s t e m e m  a n a l iz y  s y gn a ł u  
 

T he most commonly  used method f or correcting the QT  interv al 
f or rate is the one f ormulated b y  B az ett [ 5 ] .  
B az ett f ormula is: 

'RR
QTQTc =  

 
w here: QTc is the QT  interv al corrected f or rate,  R R ’  is the 
interv al f rom the onset of  one QRS complex to the onset the next 
QRS complex measured in seconds.  
T he b lock  diagram f or the electrocardiography  and analy sis 

sy stem is show n in the F ig.  2   
Signals f rom the artial and v erticular leads used as electrodes 

are initially  processed and analy z ed using D SP  capab ilities of  the 
f inite impulse response f ilter ( F I R) .  F or this purpose the use of  the 
dsP I C 3 3  [ 3 ]  is the proper choice.  I t comb ines high instruction 
throughput w ith the D SP  capab ilities.  I t has b ig computational 
pow er,  f ast A/ D  conv erter,  as w ell as v ast connectiv ity  
capab ilities.  I t has also D ata Analy sis and D SP  sof tw are to 
ev aluate and analy z e signals.  D ata can b e analy z ed in b oth: time 
and f requency  domain,  w av ef orms and graphs can b e generated.  
T he V isual D igital F ilter D esign T ool prov ides desired f ilter’ s 

characteristics.  
 
4 . D s P I C 33F  f e a t u r e s  
 
All mentioned b ef ore f unctions are f ulf illed b y  one 

microcontroller.  T he dsP I C 3 3 F  is 1 6 -b it multiply  and 0 ov erhead 
looping.  I t includes dual 4 0-b it accumulator and single 1 6 x1 6  
M AC .  M ain f unctions and architecture of  dsP I C 3 3 F J  are show n in 
F igure 3 .  
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Fig. 3 .  T h e  m a in  f u n c t io n s  a n d  a r c h it e c t u r e  o f  d s P I C 3 3 FJ  
R y s . 3 .  Fu n k c j e  p r o c e s o r a  s y gn a ł o w e go  d s P I C 3 3 FJ  

 
T he dsP I C  C P U  C entral P rocessing M odule has a 1 6  b it ( f or 

data)  modif ied H arv ard architecture.  An enhanced instruction set 
giv es signif icant support f or D SP .  T he dsP I C  has 1 6 -b it w ork ing 
registers.  T he dsP I C  instruction set has tw o classes of  instructions: 
M C U  and D SP .  T hese tw o instruction classes are seamlessly  
integrated into a single C P U .  T he instruction set includes many  
addressing modes and is designed f or optimum C  compiler 
ef f iciency .  T he data space is split into tw o b lock s,  ref erred to as X  
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and Y data memory. Each memory block has its own independent 
Address G eneration U nit AG U . T he M C U  class of  instruction 
operates solely throug h the X  memory AG U ,  which accesses the 
entire memory map as one linear data space. C ertain D S P  
instructions operate throug h the X  and Y AG U ’ s. 
P reprocessed sig nals f rom the microcontroller are recorded 

using  a S D  card.  
T he sof tware code has been written by one of  the authors in 

assembler [ 2 ] ,  nev ertheless the manuf acturer prov ides now 
numerous sof tware tools and libraries suited f or particular 
applications. S pecially of  interest are:  M P L AB  AS M 3 0  
Assembler/ L inker/ L ibrarian,  M P L AB  S I M  S of tware S imulator,  
M P L AB  C 3 0  C  C ompiler/ L inker/ L ibrarian,  D sP I C 3 3 F  
D EV EL O P M EN T  T O O L S  AN D  AP P L I C AT I O N  L I B R AR I ES :  
M emory D isk D riv e F ile S ystem L ibrary,  used with S D  cards and 
other F lash technolog y-based dev ices. 
D ig ital L ock-I n Amplif iers L ibrary. I t uses the phase-sensitiv e 

detection to measure the presence of  small sig nals buried in larg e 
amount of  noise. B y using  the built-in sig nal processing  
capabilities of  the dsP I C 3 3 F  it is possible to perf orm hig h speed,  
hig h accuracy measurements. 
 
5. C o n c l u s i o n s  
 
Analyz ing  sig nal f rom EC G  electrodes with library f unctions 

prov ides help f or interpreting  the EC G  plot.  
D S P  libraries f acilitate tracing  the sig nals and they help to 

discov er undulation and def lection ( which otherwise g et 
unnoticed) . Also the pattern can be prov ided as a ref erence f or the 
comparison with the plot. T here can be used a plot of  normal EC G  

or subj ect’ s prev ious EC G  plot. A physician in the contex t of   
a patient’ s ag e,  presenting  compliant and the clinical history,  
should nex t be able to interpret the f inding s identif ied. T he 
inv estig ation results in substantial reduction of  the erroneous or  
a lack of  diag nosis during  conv eying  patients EC G  treatment. 
F urther research in dev eloping  cardiac diag nosis tool based on 

D S P  microcontroller system should be continued because of  
complex ity of  concerned medical area and broadening  of  the 
market. 
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