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A B S T R A C T 

B l o o d p re s su re me te r is an essent ia l i n s t rumen t to d e t e r m i n e ou r b l o o d 

p r e s s u r e s ta tus . N o w a d a y s , there are va r ious types of b l o o d p re s su re m e t e r ava i l ab l e 

m a n u f a c t u r e d f r o m va r ious c o m p a n i e s . In o rde r to m e e t the d e m a n d on t e l e m e d i c i n e 

and t e c h n o l o g y a d v a n c e m e n t , a n e w f o r m of b l o o d p r e s s u r e m e t e r is des i r ab le . T h i s 

p r o t o t y p e of b l o o d p re s su re m e t e r is i n t e r faced wi th a p e r s o n a l c o m p u t e r ( P C ) w h i c h 

ab le to s i m u l a t e the m e a s u r e m e n t p r o c e s s in real t ime . T h e p r o p o s e d s y s t e m w a s 

n a m e d e - B P M S (E lec t ron ic B l o o d P res su re M e a s u r e m e n t S y s t e m ) s u g g e s t s the u s a g e 

of bo th h a r d w a r e and s o f t w a r e in d e t e r m i n i n g b l o o d p re s su re r ead ing . H a r d w a r e 

e l e m e n t s ope ra t e on osc i l lomet r i c p r inc ip le w h i c h g ives the resu l t s in t e r m s of 

sys to l ic , d ias to l ic and M A P ( M e a n Arter ia l P ressure ) . F u r t h e r m o r e , these resu l t s wi l l 

b e p r e sen t ed and s imu la t ed on the s o f t w a r e end . e - B P M S graph ica l u s e r i n t e r f a c e 

( G U I ) w a s d e v e l o p e d b y us ing Visua l Bas ic 6 .0 ( V B 6 ) l a n g u a g e w h i c h h igh l igh t s the 

u se r f r i e n d l y a t t r ibutes . M o r e o v e r , the s imula ted w a v e f o r m wil l e v a l u a t e the b l o o d 

p r e s s u r e and g ives bene f i c i a l adv ises in t e rm of con t ro l l ing b l o o d p r e s s u r e to b e 

op t ima l . Th i s app l ica t ion s h o w s s ign i f i can t i m p r o v e m e n t on the overa l l p e r f o r m a n c e 

and g ives re l i ab le resul t s . T h e f r a m e w o r k used to des ign e - B P M S is e a sy to 

u n d e r s t a n d and it can b e e x t e n d e d fu r the r to endo r se n e w app l ica t ion area . 
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ABSTRAK 

Ala t m e n g u k u r t ekanan da rah ada l ah pen t ing un tuk m e m b e r i k a n s ta tus 

kes iha tan t ekanan da rah s e s e o r a n g ind iv idu . Kini , t e rdapa t p e l b a g a i j e n i s alat 

m e n g u k u r t ekanan da rah y a n g be rope ras i m e n g g u n a k a n t ekn ik - t ekn ik y a n g be r l a inan 

d ik i l angkan oleh pe lbaga i p e n g e l u a r . . K e p e s a t a n p e r k e m b a n g a n t ekno log i p a d a 

m a s a ini u n t u k m e n c a p a i apl ikas i T e l e - P e r u b a t a n m e n y e b a b k a n k e p e r l u a n u n t u k 

m e n c i p t a satu alat m e n g u k u r t ekanan d a r a h y a n g ba ru m e n i n g k a t . P r o j e k ini 

b e r t u j u a n u n t u k m e n c a d a n g k a n satu alat m e n g u k u r t ekanan da rah y a n g ba ru 

m e n g g u n a k a n pr ins ip o s i l ome t r i k di m a n a i anya d i h u b u n g k a n d e n g a n k o m p u t e r 

per ibad i dan b o l e h m a m a p a r k a n s imu la s i b a g a i m a n a t ekanan da rah s e s e o r a n g 

d i t en tukan . P ro to ta ip alat m e n g u k u r t e k a n a n da rah ini d i n a m a k a n e - B P M S iai tu 

s ingka tan u n t u k " S i s t e m m e n g u k u r t e k a n a n da rah e l ek t ron ik" . S i s t e m ini b o l e h 

d i b a h a g i k a n k e p a d a dua e l e m e n iai tu " h a r d w a r e " dan j u g a " s o f t w a r e " . " H a r d w a r e " 

akan m e m b e r i k a n k e p u t u s a n anal is i s d a l a m b e n t u k b a c a a n s is tol ik , d ias to l ik dan j u g a 

pura ta t ekanan arteri . S e t e r u s n y a b a c a a n ini akan d i p a p a r k a n o leh " s o f t w a r e " y a n g 

telah d i p r o g r a m k a n m e n g g u n a k a n b a h a s a p e n g a t u r c a r a a n "Vi sua l Bas i c 6 . 0 " ( V B 6 ) 

p a d a k o m p u t e r . Has i l p ro to ta ip ini b e r j a y a m e m b e r i k e p u t u s a n y a n g tepat dan 

b e r j a y a m e m e n u h i ob jek t i f p r o j e k ini dan i anya bo leh d iperba ik i lagi di m a s a akan 

da tang . 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

B l o o d p re s su re is o n e of m o s t impor t an t m e a s u r e m e n t s w h i c h ind ica t e p e r s o n ' s 

hea l th cond i t ion . A b n o r m a l b l o o d p re s su re r e a d i n g m a y lead to va r ious d i s ea se s w h i c h 

c a n b e p r e v e n t e d b y t r ea tment . B l o o d p re s su re re la ted d i seases are u s u a l l y b e i n g 

r e fe r red as "s i len t k i l le r" . T h e c o n s e q u e n c e p r o m o t e d can b e e i ther ca rd i ac d i s o r d e r or 

the m a l f u n c t i o n s of ou r b o d y s y s t e m s . C o n s i d e r i n g these h u g e e f f e c t s m a y b e too 

h a r m f u l f o r h u m a n b o d y , thus p r even t i ve ac t ion needs to b e taken . H i g h b l o o d p r e s s u r e 

is an e p i d e m i c d i sease w h i c h a l w a y s a m a j o r c o n c e r n s in d e v e l o p e d coun t r i e s . S ta t i s t ic 

s h o w s the grea t n u m b e r of cases f o r the pas t decades , w h i c h t r iggers the ins igh t to 

p r e v e n t and cont ro l this d i sease r a the r than cure it. N o w a d a y s , the n e e d f o r a r e l i ab le 

m e d i c a l t e chno log ie s and analys is is des i rable , s ince the users p r e f e r to e x p e r i e n c e the i r 

m e d i c a l d i agnos i s t hemse lves . H o m e m o n i t o r i n g p r o v i d e s an accu ra t e r e co rd of 

m e a s u r e m e n t s ove r t ime he lps in p l ann ing an overa l l p e r s o n a l hea l th r e g i m e n . 

F u r t h e r m o r e , b l o o d p re s su re m a n a g e m e n t is a s tep t o w a r d s a hea l th ie r l i fes ty le . 
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1.2 Theory 

1.2.1 Blood pressure 

B l o o d p re s su re is de f ined as the p r e s su re of the b lood aga ins t the wa l l s of the 

ar ter ies . It is the resu l t an t of t w o fo rces . O n e is c rea ted b y the hear t as it p u m p s b l o o d 

in to the ar ter ies and th rough the c i r cu la to ry s y s t e m . T h e o the r is the f o r c e of the ar ter ies 

as they res is t the b l o o d f l ow . B l o o d p r e s s u r e is m e a s u r e d in mi l l ime te r s of m e r c u r y 

( m m H g ) and r e c o r d e d as two n u m b e r s sys to l ic p r e s su re "over" d ias to l ic p ressure . F o r 

e x a m p l e , the doc to r m i g h t say "130 o v e r 80" 130 /80 m m H g as a b l o o d p r e s s u r e r ead ing . 

T h e m e a s u r e m e n t is t aken w h e n the d o c t o r pu t s the cu f f a round p a t i e n t ' s a r m and p u m p s 

it up . 

T h e p r e s s u r e exer ted b y the cu f f wi l l b l o c k the b l o o d f l o w in the vesse l . A s the 

p re s su re is r e l eased s lowly , b l o o d s tar ts to f l o w aga in and the doc to r can hea r the f l o w 

us ing a s t e thoscope . T h e n u m b e r at w h i c h b l o o d starts f l o w i n g aga in is r e c o r d e d as 

m a x i m u m o u t p u t of p re s su re of the hea r t (sys tol ic) . T h e n , the d o c t o r wi l l c o n t i n u e 

r e l eas ing the p r e s s u r e of the cu f f and l i s tens unt i l there is no sound . T h e n u m b e r (80) 

ind ica tes the p r e s s u r e in the sy s t em w h e n the hea r t is r e l axed (diastol ic) . 

A c c o r d i n g to A m e r i c a n H e a r t A s s o c i a t i o n ( A H A ) , op t ima l b l o o d p re s su re wi th 

respec t to c a r d i o v a s c u l a r risk is less than 120/80 m m H g . H o w e v e r , u n u s u a l l y l ow 

r ead ings shou ld b e eva lua ted to ru le ou t m e d i c a l causes . If the pa t i en t exh ib i t s l ow 

read ings eve ry m e a s u r e m e n t s , the re is a po ten t ia l of h a v i n g l ow b l o o d p re s su re 

(hypo tens ion) . T h e sys to l ic p re s su re of 120 to 139 m m H g or d ias to l ic p r e s s u r e of 80 to 
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89 m m H g is c o n s i d e r e d as at r i sk of h a v i n g h igh b lood p re s su re (pre h y p e r t e n s i o n ) . 

F u r t h e r m o r e , b l o o d p re s su re r ead ing of 140/90 m m H g is cons ide red e l eva ted h igh 

(hype r t ens ion ) . T h e r a n g e of b l o o d pressure r e c o m m e n d e d by A H A is s u m m a r i z e d in 

the T a b l e 1.1 b e l o w . 

T a b l e 1.1: B l o o d p re s su re c lass i f ica t ion f o r adul t s g iven b y A H A 

C a t e g o r y Sys to l i c ( m m H g ) Dias to l ic ( m m H g ) 

N o r m a l < 130 < 8 5 

H i g h N o r m a l 130-139 85-89 

H y p e r t e n s i o n 

S t a g e 1 (mi ld ) 140-159 9 0 - 9 9 

S tage 2 ( m o d e r a t e ) 160-179 100-109 

S tage 3 ( severe ) 108-209 110-119 

S t a g e 4 (very severe ) > 2 1 0 > 1 2 0 

B l o o d p r e s s u r e r e a d i n g is k n o w n to b e var ied b e t w e e n one p e o p l e to ano the r . It 

is r e c o m m e n d e d b y A H A that ideal ly , b lood p re s su re m u s t b e c h e c k e d at leas t t w i c e a 

yea r and it shou ld b e m o r e o f t e n if it is h igh . S o m e of the f ac to r s a f f e c t i n g b l o o d 

p re s su re can b e c l a s s i f i ed in to severa l ca tegor ies c o n c e r n i n g phys io log i ca l , gende r , 

l i f es ty les and m a n y o thers . T h e e labora t ion of these f ac to r s wi l l b e in f o l l o w i n g sec t ion . 

1.2.2 Factors contributing to blood pressure diseases 

Firs t ly is the e las t ic i ty of b l o o d vesse l de t e rmines the a m o u n t of b l o o d f l o w at 

one t ime. T h e na tu re of b l o o d vesse l changes as w e age, as the vesse l ge t s th icker , t he 
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capabi l i ty of b l o o d vessel to abso rb is d i m i n i s h e s wi th t ime. T h e s e c a u s e s the o l d e r 

p e o p l e are m o r e l ikely to expe r i ence h y p e r t e n s i o n . S o m e p eo p l e a lso m a y s u f f e r l o w 

b l o o d p re s su re (hypo tens ion ) d u e to l ow b l o o d v o l u m e in their b o d y s y s t e m . 

Genera l ly , h igh b lood p ressu re is re la ted to h igh salt i n t a k e in o u r f o o d 

c o n s u m p t i o n . S i n c e peop le n o w a d a y s are e x p o s e d to b u s y l i fe rou t ines m a d e t h e m 

c o n s u m i n g bad diet habi t w h i c h even tua l ly p r o m o t e s obes i ty ( o v e r w e i g h t ) . O t h e r than 

that , c igare t te s m o k i n g and a lcohol in take m a y a lso con t r ibu te to this p r o b l e m . L a c k of 

exe rc i se of peop l e n o w a d a y s a lso con t r ibu tes to h igh b l o o d p res su re . 

F e m a l e are p roven has h ighe r ra te of h y p e r t e n s i o n cases c o m p a r e d to m a l e . 

R e s e a r c h d o n e p r o p o s e d that, w o m e n w h o e x p e r i e n c e p r e g n a n c y , m e n o p a u s e and 

o v e r w e i g h t are at h igh r isk of hype r t ens ion . T h i s is d u e to the fac t that , i n s t ab l e b l o o d 

p ressu re m a y be resul ted f r o m the a b o v e s i tua t ions , s ince w o m e n wi l l e x p e r i e n c e 

h o r m o n a l changes . 

S o m e p e o p l e w h o h a v e the h i s to ry of h igh b l o o d p ressu re in the i r f a m i l i e s a lso 

h a v e been iden t i f i ed to b e one of the h y p e r t e n s i o n r ea sons . O the r than that , p e o p l e w h o 

are on m e d i c a t i o n or under d o c t o r ' s p re sc r ip t ion m a y o b s e r v e i r regula r i t i es in the i r 

b l o o d pressure . Th i s m a y be resu l ted f r o m the d rugs (prescr ip t ions) t hey are t ak ing . 

Cer ta in h o r m o n e s , l ike adrena l ine w h i c h is r e l eased w h e n p eo p l e u n d e r s t ress m a y a lso 

cause cer ta in b lood vesse ls to const r ic t , and this ra ises the b l o o d p ressure . If p e o p l e a re 

e x p o s e d to cons tan t stress, it m e a n s that the hear t has to w o r k too hard and this i nc r ea se 

the b l o o d p re s su re reading . 
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1.2.3 Blood pressure instrument 

Trad i t iona l ly , a s p h y g m o m a n o m e t e r is used f o r m e a s u r i n g b l o o d p r e s s u r e in the 

ar ter ies . T h e w o r d is de r ived f r o m the G r e e k " s p h y g m u s " (pulse) , p lus the sc ien t i f i c 

te rm m a n o m e t e r w a s in t roduced b y Sc ip ione R i v a Rocc i , an I ta l ian P h y s i c i a n d u r i n g 

1896. U s u a l l y it cons i s t s of an in f la tab le cu f f , a m e a s u r i n g uni t and a lso a t ube w h e r e b y , 

the in f la t ion b u l b is u sed a long wi th s t e thoscope . T h e i m a g e of s p h y g m o m a n o m e t e r is 

g iven in F i g u r e 1.1. 

D u e to t e chno log i e s a d v a n c e m e n t , b l o o d p re s su re tes t ing d e v i c e s n o w a re u s i n g 

e lec t ron ic i n s t rumen t s o r digi ta l r eadou t s . In these cases , the b l o o d p r e s s u r e r e a d i n g 

appear s on a smal l sc reen or is s igna led in beeps , and n o s t e thoscope is used . M o s t of 

digi ta l i n s t r u m e n t s h a v e an au toma t i c in f la t ion m e c h a n i s m , w h i c h r ep l ace the m a n u a l 

in f la t ion bu lb fo r s impl i c i ty and c o m f o r t . A digi ta l sy s t em is w i d e l y k n o w n f o r its 

c o n v e n i e n c e and r o b u s t n e s s even in no i sy e n v i r o n m e n t is p re fe rab le . T h e r e f o r e , b l o o d 

p re s su re me te r n o w ava i lab le is still adap t ing the s a m e m e a s u r i n g t e c h n i q u e s w i th a d d e d 

fea tures . S o m e of ava i l ab le b lood p re s su re m e t e r are tab le- top , w r i s t b a n d and a lso 

f inger . C o n s i d e r a t i o n s need to b e m a d e w h e n d e s i g n i n g a digi ta l b l o o d p r e s s u r e m e t e r 

s ince e lec t ron ic dev ices are ve ry suscep t ib le to ope ra t ing t e m p e r a t u r e and a lso h u m i d i t y . 
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1.3 Blood pressure measurement methods 

T h e r e are f e w avai lab le t echn iques e m p l o y e d fo r b l o o d p re s su re m e a s u r e m e n t s 

in w h i c h h a v e the i r o w n s t rengths and w e a k n e s s e s . T w o p o p u l a r a p p r o a c h e s can b e 

c lass i f i ed in to t w o m a j o r g roups k n o w n as i nvas ive and n o n - i n v a s i v e m e t h o d s . A s the 

n a m e impl ies , i nvas ive m e t h o d i nvo lve ca the te r i za t ion (cut) w h e r e the pa t i en t need to 

u n d e r g o n e a m i n o r surg ica l p rocess . O n the o the r h a n d , the non i nvas ive t e c h n i q u e 

o f f e r s s impl ic i ty , c o n v e n i e n c e , and c o m f o r t p r o c e d u r e to the pa t ien t is m o r e p r e f e r a b l e . 

T h e i nvas ive m e t h o d is u n d o u b t e d l y y ie lds the m o s t accu ra t e m e a s u r e m e n t s , bu t 

it is ra re ly u sed s ince it is m o r e r i sky and pa t ien t m a y s u f f e r e x c e s s i v e b l o o d loss . E v e n 

today , i nvas ive ca the te r i za t ion p r o c e d u r e s are s e l d o m used d u e to the r i sk of i n fec t ion . 

A l t h o u g h , n o n invas ive sacr i f ice a d e g r e e of a c c u r a c y in the m e a s u r e m e n t , the 

p r o c e d u r e s w h i c h are cons ide r ing f o r pa t ien t s a f e ty are w i d e l y app l i ed . T w o m a j o r 

m e t h o d s f o r non invas ive m e a s u r e m e n t are k n o w n as A u s c u l t a t o r y and O s c i l l o m e t r i c . In 

fac t , t he re are va r ious m e t h o d s used f o r m e a s u r i n g b l o o d p r e s s u r e w h i c h wi l l b e 

d i s cus sed nex t . 

1.3.1 Auscultatory technique 

Thi s t e c h n i q u e based on the abi l i ty of the h u m a n ear (exper t p rac t i t ione r ) to 

de tec t and d i s t i ngu i shed sounds . It w a s sugges t ed b y K o r o t k o f f d u r i n g 1905 has yet 

b e c a m e the m o s t c o m m o n m e t h o d of b l o o d p r e s s u r e m e a s u r e m e n t today . T h e c l in ic ian 

wil l u s e a s t e t h o s c o p e to l is ten f o r the K o r o t k o f f s o u n d s as the cu f f de f l a t e s to d e t e r m i n e 

the sys tol ic , d ias to l ic and e s t ima te m e a n ar ter ial p r e s s u r e r ead ing . T h e g rea t a d v a n t a g e 
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is c l in ic ian is a l l ows to d e t e r m i n e the qua l i ty of each m e a s u r e m e n t . H o w e v e r , the 

poss ib l e e r ror m a y ar i se d u e to d i f f e r e n c e s in hear ing acui ty f r o m one c l in ic ian to 

ano ther . F u r t h e r m o r e , the u n q u a l i f i e d or i nexpe r i enced c l in ic ian m a y not be i m m u n e to 

ou t s ide no i se and o the r i n t e r f e rence , thus assess ing incons is ten t K o r o t k o f f s o u n d s du r ing 

m e a s u r e m e n t . 

1.3.2 Automated Auscultatory technique 

T h i s pa r t i cu la r t e c h n i q u e w a s d e v e l o p e d to r ep lace to func t i on of h u m a n ear b y 

us ing m i c r o p h o n e . A s o u n d b a s e d a lgo r i thm w a s appl ied to e s t ima te the sys to l ic and 

d ias to l ic r e a d i n g s . T h e d r a w b a c k of this t e c h n i q u e is l ack of va l ida t ion abi l i ty . In 

add i t ion to no i se ar t i fac t sens i t iv i ty , the a lgo r i thm m a y not adequa te ly c o m p e n s a t e f o r 

pa t ien t s u f f e r l o w b l o o d p r e s s u r e (hypo tens ion ) . Hence , the osc i l lomet r i c t e c h n i q u e w a s 

p r o p o s e d to m a k e the a u t o m a t e d m e a s u r e m e n t m o r e re l iable . 

1.3.3 Oscillometric technique 

T h e n a m e i m p l i e s the p r o c e d u r e is d o n e b y m e a s u r i n g the osc i l l a t ions caused b y 

the arterial p r e s s u r e pu lse . T h e s e osc i l la t ions are the resul ts of the c o u p l i n g of the 

occ lu s ive cu f f to the ar tery . O s c i l l o m e t r i c dev ices m e a s u r e the m e a n bu t e s t ima te bo th 

sys to l ic and d ias to l ic as p r o p o s e d in F i g u r e 1.2. T h e po in t of m a x i m u m a m p l i t u d e is 

cons ide red m e a n ar ter ia l p r e s su re ( M A P ) . D e v i c e us ing this t e chn ique d o not u s e 

m i c r o p h o n e , h e n c e it is not a f f e c t e d by cuf f p l a c e m e n t and ex te rna l no ise . O n the o the r 
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hand , s ince is does not a l low m e a s u r e m e n t va l ida t ion , it is s ens i t i ve to pa t i en t 

m o v e m e n t . E r ro r due to this t echn ique m a y b e gene ra t ed f r o m inaccu ra t e d e t e r m i n a t i o n 

of M A P . 

200 -

150 -

100 -

5 0 0 -
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A -

2 -

-2 -
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-5 O 5 IO I S 2 0 2 5 3 0 3 5 

F i g u r e 1 .2 D e t e r m i n a t i o n of b l o o d p r e s s u r e u s i n g osc i l l ome t r i c t e c h n i q u e 

1.3.4 Infrasound and ultrasound technique 

I n f r a s o u n d t echn ique a t t empts to i m p r o v e on the auscu l t a to ry m e t h o d b y 

de tec t ing the l ow f r e q u e n c y K o r o t k o f f s o u n d v ib ra t ions b e l o w 5 0 Hz , in w h i c h i n c l u d i n g 

s u b aud ib l e v ibra t ions . On the o ther hand , u l t r a sound t e c h n i q u e is no t c o m m o n l y used 

fo r m e a s u r i n g b l o o d pressure . Usua l ly , it is use in c o m b i n a t i o n wi th o the r m e t h o d s . 

M a j o r f ea tu r e of this m e t h o d is, the va lues r e c o r d e d b y u s i n g u l t r a s o u n d can b e ve ry 

ope ra to r d e p e n d e n t . 
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1.3.5 Tonometry technique 

Thi s m e t h o d uses a d i f f e r e n t a p p r o a c h w h e r e the arterial t o n o m e t r y is r ea l i zed b y 

f la t ten ing the p ressu re non invas ive ly to s q u e e z e the ar tery aga ins t bone . T h e app l i ed 

p ressure requ i red to ma in t a in the f l a t t ened shape are r e c o r d e d and a c c o m p l i s h e d b y 

us ing ar ray of p re s su re sensors . A n a lgo r i thm m u s t b e used to ca lcu la te the b l o o d 

pressure f r o m the w a v e f o r m ob ta ined . M o r e o v e r , the w a v e f o r m exh ib i t s a s imi la r pa t t e rn 

as ca the ter m e a s u r e m e n t ( invas ive) . H o w e v e r , t o n o m e t r y h a v e severa l l imi ta t ions w h i c h 

a f f ec t ing its p e r f o r m a n c e . L imi t a t i ons l ike h igh sens i t iv i ty to s enso r pos i t i on and angle , 

m e a s u r i n g per iphera l c i rcu la t ion , l ow in te r -opera tor r ep roduc ib i l i ty , and is a lso r equ i r e s 

regular" ca l ibra t ion . 

1.3.6 Ambulatory blood pressure monitoring technique (ABPM) 

A B P M m o n i t o r s pa t ien t b l o o d p ressu re ove r a p r e d e f i n e d l eng th of t i m e ou t s i de 

the cl inic as the pa t ien t s r u n s their da i ly l i fe rout ines . Pe r iod ica l ly , m o n i t o r s wi l l r eco rd 

the m e a s u r e m e n t s and s tores the resul t s . W h e n , m o n i t o r i n g pe r i od is over , c l in ic ian wi l l 

have a set of da ta fo r ana lys i s . T h e p r i m a r y p u r p o s e of A B P M is to ob ta in a p r o f i l e of 

pa t i en t ' s b l o o d p ressu re u n d e r cond i t i ons outs ide c l in ica l e n v i r o n m e n t . It is b e l i e v e d 

that the b l o o d p re s su re m e a s u r e d in c l in ic does not a l w a y s r ep re sen t ing the t rue v a l u e 

and m a y lead to iden t i f i ca t ion of w h i t e coa t hype r t ens ion and c i rcad ian r h y t h m of b l o o d 

pressure . Cl in ica l research f o r A B P M has led to the add i t iona l ana lys is t e c h n i q u e s that 

a l low cl inic ian to ob ta in a c lea re r a s s e s s m e n t of a p a t i e n t ' s h y p e r t e n s i v e cond i t i on . 

S o m e advan t ages o f f e r s b y A B P M are re l iable m e a s u r e m e n t , eas ie r d i a g n o s i s and 

t r ea tment d e v e l o p m e n t to he lp p r o b l e m a t i c pat ients . 
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1.3.7 Pulse dynamic technique 

P u l s e d y n a m i c is a t e c h n o l o g y i n t roduced by p u l s e m e t r i c p r o p o s e d a 

var ian t of o sc i l l ome t r i c m e t h o d . T h e s ign i f i can t a d v a n t a g e of this m e t h o d is, it 

c o m b i n e s the re l iab i l i ty of osc i l lomet r i c t e c h n i q u e w h i l e r e t a in ing the va l ida t ion 

capab i l i ty of m a n u a l auscu l t a to ry m e t h o d . 

1.3.8 Plethysmography technique 

T h i s m e t h o d is a lso k n o w n as "Impedance plethysmography" t e c h n i q u e 

m e a s u r e s the v o l u m e t r i c c h a n g e assoc ia ted wi th arterial d i s t ens ion . V o l u m e t r i c c h a n g e s 

c a u s e c h a n g e s in the e lec t r ica l conduc t i v i t y ( i m p e d a n c e ) of the m e a s u r e m e n t . If the 

i m p e d a n c e g raph is p lo t t ed aga ins t t ime, the gene ra t ed w a v e f o r m l o o k s s imi l a r to 

p r e s s u r e gene ra t ed osc i l lomet r i c w a v e f o r m . T h e r e f o r e , b l o o d p r e s s u r e is e s t ima t ed in a 

m a n n e r s imi la r to osc i l l ome t r i c t e chn ique 

1.3.9 Finger cuff technique 

T h e t e c h n i q u e w a s deve loped b y P e n a z and w o r k s on the p r i n c i p l e of u n l o a d e d 

arterial wal l . T h i s m e t h o d m a y g ive an accura te e s t ima te of c h a n g e s in sys to l ic and 

d ias to l ic p ressure , a l t hough both m a y b e u n d e r e s t i m a t e d w h e n c o m p a r e d to b rach ia l 

a r tery p re s su re . It is f o u n d that , this m e t h o d is not su i tab le fo r o b t a i n i n g a b s o l u t e level 

of b l o o d p re s su re d u e to its inaccuracy . S e c o n d l y , it is a lso cos t ly c o m p a r e d to the o the r 

ava i l ab le m e t h o d s . 
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1.4 Statement of the problem 

N o w a d a y s m o s t of the p e o p l e are re luc tant to get their b lood p r e s s u r e be ing 

c h e c k e d regu la r ly . Usua l ly , w h e n they e x p e r i e n c e the d i seases then on ly they w o u l d 

seek f o r p ro f e s s iona l he lps . A s w e k n o w b l o o d p re s su re d i seases are h a r m f u l to h u m a n 

fo r i n s t ance h igh b l o o d p re s su re (hype r t ens ion ) and l ow b l o o d p re s su re (hypo tens ion ) . 

Dr iven b y this c o n s e n s u s , h u m a n des i res a s imp le and re l iable b l o o d p re s su re 

m e a s u r e m e n t i n s t rumen t s w h i c h can suits their l i fes ty le . D u e to t e c h n o l o g y 

a d v a n c e m e n t , b lood p r e s s u r e i n s t r u m e n t s c o m e in var ie ty of s izes e q u i p p e d wi th added 

func t i ons . T o m e e t these r e q u i r e m e n t s , a s i m p l e l ow cos t digi tal b l o o d p r e s s u r e m e t e r 

w h i c h can d o a real t ime ana lys i s wi l l b e i n t roduced . In the p ro jec t , a c o m p u t e r is use 

b e c a u s e it has a l a rge m e m o r y s p a c e to s tore a b u n d a n t of da ta . T h e r e f o r e , P C can w o r k 

as a p l a t f o r m f o r in te rac t ion f o r b l o o d p r e s s u r e m o n i t o r i n g s y s t e m . 

1.5 Project Objectives 

T o des ign a digi ta l b l o o d p r e s s u r e m e t e r to b e in t e r faced wi th a p e r s o n a l 

c o m p u t e r (PC) . 

T o d e v e l o p a s c r e e n i n g sy s t em w h i c h can i l lus t ra te b l o o d p re s su re 

m e a s u r e m e n t s in r ea l - t ime . 

T o i n t r o d u c e an a f f o r d a b l e , l o w cost and use r f r i end ly d ig i ta l b l o o d 

p re s su re m o n i t o r . 
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1.6 Significance of project 

T h i s n e w des ign b lood p re s su re m e a s u r i n g sys t em w o u l d he lp to d o the bas ic 

s c r e e n i n g p r o c e s s f o r b lood p re s su re m e a s u r e m e n t . A s a resul t , this wi l l not on ly e a s e 

the b l o o d p r e s s u r e d i agnos i s bu t a lso m a y i m p r o v e the overa l l med ica l s y s t e m . T h e 

d e v e l o p m e n t of P C b a s e d digi ta l b l o o d p re s su re me te r w a s d e s i g n e d p u r p o s e l y to 

i n t r o d u c e an a l t e rna t ive w a y to p r o m o t e regu la r self mon i to r ing for pa t ien t . U s e r e n g a g e 

to the s y s t e m m a y e x p e r i e n c e s imp le b l o o d p re s su re sc reen ing p r o c e d u r e s , w h i c h is d o n e 

in r ea l - t ime to c h e c k their hea l th s tatus . T h e r e f o r e , a robus t m e d i c a l c h e c k i n g s y s t e m is 

i m p o r t a n t to e n s u r e the p r o c e d u r e can b e d o n e wi th a m in ima l supe rv i s ion . 

O n e s ign i f i can t a d v a n t a g e of this appl ica t ion is the s y s t e m w o r k s u s i n g the 

" D I Y " c o n c e p t o r " D o - I t - Y o u r s e l f ' . Th i s is an innova t ion to he lp use r s e x e c u t e the 

d i a g n o s i s all b y t h e m s e l v e s . B y u s i n g this sys t em, user wil l r e d u c e their t i m e to t ravel to 

hosp i t a l and they are ab le to m o n i t o r their hea l th s ta tus regular ly . W h e n e - B P M S is set 

r e a d y f o r use , this d e v i c e not on ly wi l l he lp p e o p l e to get their b l o o d p r e s s u r e m e a s u r e d 

regu la r ly , th is ind i rec t ly m a y p r o m o t e ear ly p r even t i on d u e to b l o o d p r e s s u r e d i seases . 

In c o n j u n c t i o n wi th the a ims to rea l ize one of our M a l a y s i a ' s M u l t i m e d i a S u p e r C o r r i d o r 

( M S C ) f l a g s h i p s k n o w n as te lehea l th , this dev ice can b e used at the f r o n t e n d to e m p l o y 

t e l emed ic ine . 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Review of related literature 

T h e r e are m a n y m e t h o d s in des ign ing and e x a m i n i n g b l o o d p r e s s u r e h a s b e e n 

used p rev ious ly . Gene ra l ly , all the m e t h o d s share c o m m o n ob jec t ive that is to 

p r o d u c e a re l iab le and e f f i c i en t b l o o d p re s su re m e t e r w i th m i n i m a l er rors . In r e c e n t 

years , n u m b e r s of r e sea rche r s e m p h a s i z i n g the u s a g e of o sc i l l ome t r i c m e t h o d 

i m p l e m e n t e d to digi ta l b l o o d p re s su re m e t e r are w i d e l y a c k n o w l e d g e d . T h e w o r k s of 

these r e sea rche r s in t e r m s of h a r d w a r e c i rcui t ry and a lso their p r o p o s e d t h e o r y o r 

t e chn iques a re b r i e f l y exp la ined in the f o l l o w i n g sec t ion . 

T h e r e a re va r ious types of digi ta l b l o o d p re s su re me te r w i d e l y ava i l ab le in the 

marke t . Genera l ly , m o s t of the au toma ted cl inical non i nvas ive b l o o d p r e s s u r e 

m o n i t o r s use the osc i l lomet r i c t e chn ique [1], T h e r e a s o n s be ing d u e to the na tu re of 

osc i l lomet r i c m e t h o d w h i c h g ives be t te r e s t ima ted m e a s u r e m e n t s , m o r e re l i ab le 

resul t s and r e d u c e m e a s u r e m e n t er ror s ince er ror on ly can b e con t r ibu ted b y M A P . 
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S. M i e k e et al [2] p r o p o s e d that the osc i l lomet r ic t e chn ique re l ies on 

ana lyz ing the a m p l i t u d e of re la t ive ly smal l p re s su re osc i l la t ions w h i c h m a y be 

c o n t a m i n a t e d by a r te fac t c aused by m o v e m e n t of the cuf f . E v e n t hough 

osc i l lomet r i c t e c h n i q u e g ives re l iab le output , bu t it m a y deg raded b y the p r e s e n c e of 

ar tefac t and p a t i e n t ' s m o v e m e n t . 

A s tudy d o n e b y J N A m o o r e et al [3] cons ide r ing of all poss ib l e f ac to r s 

wh ich a f f ec t non invas ive b lood p ressu re m e a s u r e m e n t and h o w wel l N I B P m o n i t o r s 

c o p e wi th these cond i t ions are e x a m i n e d . T h e resu l ted e x p e r i m e n t s s ta ted m o s t of 

mon i to r s r e s p o n d e d well to pu l se s t rength but g ives fa l se ly h igh r ead ing f o r sys to l ic 

and dias tol ic . In fact , s o m e of m o n i t o r s h a v e a t e n d e n c y to record s l igh t ly l ow 

systol ic p ressure . 

On the o the r hand , M W Mi l l a r -Cra ig [4] p roposed that a m b u l a t o r y b l o o d 

pressure ( A M B P ) r eco rd ing is s o m e w h a t m o r e accura te even on m e a s u r e m e n t of 

h e a v y phys ica l exerc i se . Fu r the rmore , A M B P m a y a lso be u s e f u l ; in the 

inves t iga t ion of ep i sod ic or res is tant hype r t ens ion and also in the a s s e s s m e n t of 

b lood p ressu re t r ea tment and d rug trial eva lua t ion . H e n c e , it is expec ted that A M B P 

will be m o r e w i d e l y used in rou t ine cl inical a s s e s s m e n t of hype r t ens ion d u e to the 

accuracy and re l iabi l i ty of the m e a s u r e m e n t . 

In a s tudy by J W M i a o [5], he has des igned a c o m p u t e r a ided m e t h o d fo r 

indirect m e a s u r e m e n t of arterial b l o o d p re s su re b y us ing hydrau l i c adap t ive cont ro l 

based on vascu la r u n l o a d i n g t echn ique . T h e e r ror of m e a s u r e d b lood p r e s s u r e cou ld 

be cont ro l led on the m i n i m u m sta te by us ing adap t ive cont ro l m e t h o d . O n e 

s ign i f ican t f ind ing of this r e sea rch w a s the abi l i ty of h u m a n f i nge r to b e used to 

d e m o n s t r a t e the overal l b lood p re s su re s ta tus . In conc lus ion , he sugges t ed that this 

m e t h o d no t on ly wil l r e d u c e the e r ror bu t a lso app l i cab le to c l in ica l app l ica t ions . 
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In addi t ion to sugges t the appl icab i l i ty of h u m a n f inger , Y a m a k o s h i et al [6] 

have d e v e l o p e d a new m e t h o d fo r non invas ive m e a s u r e m e n t of bea t - to -bea t sys to l ic 

and d ias to l ic p re s su re based on m e c h a n i c a l v o l u m e se rvo-con t ro l s y s t e m us ing 

vascu la r u n l o a d i n g t echn ique . Th i s m e t h o d was then app roved for its va l id i ty and 

h igh accuracy . 

T o i m p r o v i s e osc i l l ome t r i c m e t h o d , W B G e a k e et al [7] h a v e p r o v e d that 

non invas ive test i n s t rumen t s can gene ra t e s imula ted osc i l lomet r i c pu l ses in r e s p o n s e 

to cuf f in f l a t ion in such a w a y as to c o v e r a w i d e r a n g e of c o n d i t i o n s i nc lud ing 

var ia t ions in pu l se rate, p u l s e s t reng th , arterial p re s su re and a lso a r te fac t s . T h i s 

suppor t s the fac t of osc i l lomet r i c d e v i c e s g ives be t te r r e s p o n s e in t e rms of f u n c t i o n a l 

eva lua t ion . 

Recen t l y , the a t t en t ions w e r e b e i n g f o c u s e d to the bea t - to -bea t va r i a t ions of 

b l o o d p re s su re and hear t ra te (pu lse ra te) . A s tudy b y T a k a o W a d a et al [8] adap t ed 

mul t iva r i a t e au to reg re s s ive m o d e l p r o p o s e d b y A k a i k e and u s a g e of a nove l d e v i c e 

d e v e l o p e d b y N i p p o n C o l i n ( J E N T O W 7 7 0 0 ) to r eco rd bea t - to -bea t b l o o d p r e s s u r e 

and also the i m p u l s e r e sponse . It w a s f o u n d that wi th added f e e d b a c k ana lys i s to a 

conven t i ona l m a c h i n e , the i m p u l s e r e s p o n s e f u n c t i o n and re la t ive p o w e r d i s t r ibu t ion 

can b e d i s t ingu i shed d i rec t ly . H e n c e , this m a y p rov ide a c o n v e n i e n t tool fo r 

b a r o r e f l e x a s s e s s m e n t of hea l t hy or pa t i en t s wi th d i seases . 

A n e w l y des igned b l o o d p r e s s u r e m e t e r shou ld c o m p l y wi th s o m e s t anda rd or 

spec i f i ca t ions . T h e A s s o c i a t i o n f o r the A d v a n c e m e n t of M e d i c a l I n s t rumen ta t i on 

( A A M I ) has p r o d u c e d a set of de f a c t o s tandard co v e r in g bo th a u t o m a t e d and semi 

au toma ted s p h y g m o m a n o m e t e r . T h e r e f o r e , R J R iggs [9] has d e f i n e d this s t andard 

fo r his des ign of d a t a b a s e f o r a r te fac t tes t ing f o r A B M P . T h e a c c u r a c y of his des ign 

w a s j u s t i f i ed b y c o m p a r i n g the resu l t s f r o m e x p e r i m e n t s wi th two t ra ined obse rve r s . 

C o n s e q u e n t l y , the d e v e l o p e d d a t a b a s e ach i eved the s tandard requi red and y i e lded an 

op t imized p e r f o r m a n c e wi th r educed ar te fac t e f fec t . 
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In addi t ion to d o f e e d b a c k ana lys i s b e t w e e n hea r t ra te f luc tua t ions re la ted to 

b l o o d p re s su re c h a n g e , H M i z u t a et al [10] h a v e adap ted a f eed b a c k l oop w i th added 

b ivar ia te au to r eg re s s ive m o d e l . A c o m p u t e r s imu la t i on w a s d e v e l o p e d and r e v e a l e d 

the appl icab i l i ty of the f e e d b a c k s ignal to the tes ted cond i t ion . O n e i m p o r t a n t 

f i n d i n g f r o m the e x p e r i m e n t s is the sy s t em p r o d u c e d s table e s t ima ted i m p u l s e 

r e s p o n s e s u n d e r var ie ty of cond i t ions . 

C B r y a n t et al [11] p r o p o s e d that b y u s i n g osc i l lomet r i c t echn ique , the 

p r o d u c e d w a v e f o r m of non invas ive m e a s u r e m e n t is p r o v e n to be c lo se ly s imi l a r to 

i nvas ive m e a s u r e m e n t . T h e ana lys i s w a s d o n e b y u s i n g can ine s ignal ob t a ined f r o m 

invas ive m e t h o d . T h e n , the s ignal w a s then tes ted on a c o m p u t e r a l g o r i t h m w h i c h 

capab l e to i den t i fy the k e y d iagnos t i c po in t s on the gene ra t ed w a v e f o r m . 

M a t s u o k a et al [12] h a v e p r o d u c e d a pa ten t f o r b l o o d p re s su re m e t e r w h i c h 

r e v o l u t i o n i z e the conven t i ona l b l o o d p r e s s u r e m e a s u r i n g appara tus . T h e i nven t ion 

p r o p o s e d a p u l s e ra te m e a s u r i n g appa ra tu s is p r o v i d e d a long wi th a b l o o d p r e s s u r e 

m e a s u r e m e n t appa ra tus f o r a s i m u l t a n e o u s m e a s u r e m e n t of bo th p u l s e ra te and b l o o d 

p ressure . Th i s i nven t ion sets the t rends of t o d a y ' s ava i lab le b l o o d p r e s s u r e 

m e a s u r i n g in s t rumen t s . 

T h e g rowth of b l o o d p re s su re m e a s u r i n g a p p a r a t u s h a v e caused C S C h u a et 

al [13] f r o m M o t o r o l a to des ign a digi ta l b l o o d p r e s s u r e m e t e r u s i n g an in teg ra ted 

p r e s su re sensor , s ignal cond i t i on ing c i rcui t ry , m ic rocon t ro l l e r h a r d w a r e and s o f t w a r e 

w i th a l iquid crysta l d i sp lay . M o r e o v e r , the s e n s i n g s y s t e m s read the cu f f p ressu re , 

ex t rac t the p u l s e f o r ana lys i s and h e n c e d e t e r m i n e sys to l ic and d ias to l ic r ead ing . T h e 

s ign i f i can t of this i nven t ion w a s the abi l i ty to cove r s w i d e r a n g e of b l o o d p re s su re 

f r o m 0 m m H g to a p p r o x i m a t e l y 3 0 0 m m H g . 
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A. Br i tov et al [14] have p roduced a b lood p re s su re m e t e r that has dua l 

f u n c t i o n s . T h e m e t e r is i n t ended fo r systol ic , d ias tol ic , and pu l se ra te m e a s u r e m e n t s 

w h i c h a l so can b e used at h o m e . T h e me te r is able to s tore ten r ecen t m e a s u r e m e n t 

resu l t s in the in ternal a rch ive w h i c h can b e used in ana lys i s later . T h e d e v i c e is 

e q u i p p e d wi th the capabi l i ty to w o r k unde r c o m p u t e r con t ro l t r ans f e r r i ng in te rna l 

t ab les and s igna l s amp le s fo r ana lys i s and a lgor i thm i m p r o v e m e n t s . 

In 2 0 0 3 M G a n e s h R a a j a [15] has deve loped a b l o o d p re s su re m o n i t o r b y 

u s i n g osc i l l ome t r i c m e t h o d fo r F lash Des ign compe t i t i on . T h e p r e s s u r e s e n s o r 

t rans la tes the p r e s su re in the cuf f to capac i tance , h e n c e m e a s u r e s the f r e q u e n c y to 

d e t e r m i n e the p ressure . T h e capac i t ance of the sensor is conve r t ed to f r e q u e n c y b y 

u s i n g b i n a r y coun te r . T h e c i rcui t a lso de tec ts the smal l va r i a t ions in p r e s s u r e d u r i n g 

de f l a t i on and ca lcu la tes the systol ic and dias tol ic f r o m these r ead ings . 

T h e p r o p o s e d a s s e s s m e n t b y M J Randa l l et al [16] sugges t ed that a c o m p u t e r 

a u t o m a t e d s y s t e m m a y p rov ide pos i t ive sys t em iden t i f i ca t ion in the ca se of 

m e a s u r i n g b l o o d p re s su re and hear t rate . Fu r the rmore , c o m p u t e r s y s t e m r e d u c e s 

e r ror and c o n s i d e r a b l e labor sav ings can b e ob ta ined . T h e a u t o m a t e d s y s t e m w h i c h 

is k n o w n to b e m o r e p rec i se and g ives cons i s t ency in r ead ings c o m p a r e d to h u m a n 

abi l i ty h a s a lso e n h a n c e d the stat is t ical ana lys is on the data . 

N o n invas ive osc i l lomet r ic b l o o d pressure c lass i f ica t ion can b e r ea l i zed b y 

u s i n g f u z z y sets of ar t i f icial neura l n e t w o r k ( A N N ) , as sugges t ed b y S. C o l a k et al 

[17] . T h i s r e sea rch has s h o w n that sa t i s fac tory non invas ive o sc i l l ome t r i c b l o o d 

p r e s s u r e c l a s s i f i ca t ion can be ob ta ined despi te the fac t that the target d i s t r ibu t ion are 

f a r f r o m b e i n g u n i f o r m . A n o t h e r s ign i f ican t resul t w a s the er ror p e r f o r m a n c e is 

a c h i e v a b l e w i t h o u t cons ide r ing the f ea tu res such as p a t i e n t ' s age, cu f f s t i f f n e s s and 

a r m c i r c u m f e r e n c e size. A l t h o u g h var ie ty of fac to rs m a y dis tor t the resul t , the 

p r o p o s e d m e t h o d has a potent ia l to p e r f o r m wi th h igh accu racy and re l iabi l i ty . 
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In o sc i l l ome t r i c m e t h o d , the p r o b l e m to ext rac t the systol ic , m e a n and 

d ias to l ic b l o o d p r e s s u r e is re la ted to the s t ra tegy used in the compu ta t i ona l a lgo r i thm, 

J C T B M o r a e s et al [18]. Th i s research d e m o n s t r a t e s a n e w s t ra tegy to cor re la te 

severa l p a r a m e t e r s and ana lyze it b y us ing stat is t ical m e t h o d coded in M A T L A B . A s 

a resul t , the re is a s ign i f i can t r educ t ion in m e a s u r e m e n t t ime, la rger r e j ec t ion in 

m o t i o n ar t i fac ts , and a r rhy thmia as c o m p a r e d to the resul ts ob t a ined b y u s i n g 

conven t i ona l s imula to r . Th i s research also has p roved that the ma in p a r a m e t e r s 

a f f e c t i n g b l o o d p re s su re m e a s u r e m e n t w e r e charac ter i s t ics ra t ios and a r m 

c i r c u m f e r e n c e s ize . 

M o r e o v e r , a c o m p a r a t i v e s tudy has b e e n d o n e b y J C T B M o r a e s et al [19] to 

inves t iga te the p e r f o r m a n c e of c o m m e r c i a l e q u i p m e n t wi th the n e w s y s t e m 

d e v e l o p e d . T h e n e w b l o o d p ressu re m e a s u r e m e n t sys t em w a s d e v e l o p e d b a s e d on 

osc i l l ome t r i c m e t h o d b y us ing cont ro l led l inear de f la t ion t echn ique . T h e s y s t e m w a s 

s t ruc tu red in o r d e r to m a k e severa l tasks i n d e p e n d e n t and spec ia l ized , a l l o w i n g f o r 

p u n c t u a l d e v e l o p m e n t . F ina l ly , it is ind i spu tab le that thus w o r k has p r e sen t ed a n e w 

m e a s u r e m e n t p l a t f o r m w h i c h is f l ex ib le and ea sy to upgrade , m a k i n g it p o s s i b l e to b e 

i m p l e m e n t e d in the ex i s t ing b l o o d pressure m e a s u r i n g e q u i p m e n t . 

T h e r e a re m a n y m a n u f a c t u r e r s r e spons ib l e in p rov id ing hea l th ca re p r o d u c t s 

r anges , and o n e of t h e m is O M R O N [20], B l o o d p re s su re m o n i t o r ava i l ab le in the 

f o r m of m a n u a l in f l a t ion , au tomat i c in f la t ion and also wr i s tband . M o s t of their 

p r o d u c t s u s ing a t e c h n o l o g y cal led "IntelliSense™" to ensure that h o m e m o n i t o r i n g 

is e a sy and has s l e f r ee . "IntelliSense™" is a g loba l b rand n a m e f o r b i o - i n f o r m a t i o n 

sens ing and h igh p e r f o r m a n c e fuzzy - log i c t e c h n o l o g y w h i c h e m b e d d e d in the i r b l o o d 

p re s su re me te r . T h i s t e c h n o l o g y enab les b l o o d p ressu re mon i to r s m a k e each 

m e a s u r e m e n t p e r s o n a l i z e d , regard less of a rm size, b l o o d p re s su re level or the t i m e of 

m e a s u r e m e n t . Th i s ensu re s the right level of cuf f in f la t ion is app l i ed and an 

a d v a n c e d con t ro l va lve ensu res qu ick def la t ion w h e n m e a s u r e m e n t is c o m p l e t e . T h i s 

s e l f - ad ju s t i ng t e c h n o l o g y m e a n s m a x i m u m c o m f o r t and accu racy f o r each user . 

M o r e o v e r , wi th this exce l len t sens ing t echno logy , the m o n i t o r can ach i eve accura te 

m e a s u r e m e n t . A n o t h e r t echno logy by O M R O N is k n o w n as "A.P.S (Advanced 
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In v i e w of all re la ted l i tera tures , the e - B P M S w a s d e v e l o p e d b y u s i n g 

o sc i l l ome t r i c p r inc ip l e s . T h e p r inc ip le w a s c h o s e n b e c a u s e it is ea s i e r to b e 

i m p l e m e n t e d in an e l ec t ron ic d e v i c e and it can r e d u c e overa l l m e a s u r e m e n t e r ror . 

T h e a d v a n t a g e s of o sc i l l ome t r i c w h i c h is a non i n v a s i v e m e t h o d o v e r pa t i en t s m a d e 

it m o r e su i t ab l e to b e u s e d . 
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