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Abstract- A novel pulse morphology-based approach for 
estimation of blood pressure from non-invasive oscillometric 
blood pressure measurement is presented. Quantitative 
measures that describe the pulse morphology are utilized to 
obtain the estimates of mean arterial, systolic, and diastolic 
pressures. Preliminary results obtained from a small set of 
measurements are used to demonstrate the feasibility of the 
proposed approach. The estimates obtained through pulse 
morphology-based approach is compared with those obtained 
from a commercial blood pressure device. 

Keywords- Oscillometric waveform, Pulse morphology, Blood 
Pressure. 

I. INTRODUCTION 

Blood pressure (BP) is recognized as one of the vital signs 
and is widely used to monitor the physiological condition of 
human beings along with other vital signs such as heart rate, 
breathing rate and temperature. Of the various methods 
available for blood pressure measurement, the oscillometric 
method appears to be one of the most popular methods [1]. 
In this method, cuff is placed around the arm or the wrist 
and is slowly deflated from an initial pressure higher than 
the systolic value; a transducer is connected to the cuff and 
it senses the pressure inside the cuff. A waveform which is 
known as oscillometric waveform can be extracted from 
decreasing pressure curve which is produced by the pressure 
transducer in the cuff. As the occluding cuff is slowly 
released, oscillation pulses will appear on the cuff deflation 
waveform [2] (Fig. 1). Moreover, as the cuff is deflated, the 
characteristics of the pulses change, and these changes could 
contain important information about the blood pressure. 
This paper demonstrates that blood pressure estimates can 
be obtained through quantitative measures that describe 
these pulses.  

Pulses in the oscillometric waveform generally show two 
distinct peaks: an early systolic peak related to the forward 
pressure wave and a diastolic peak related to the reflected 
pressure wave. Any change in the cardiovascular system 
would affect the paths of the forward and reflected pressure 
waves and in turn changes the characteristics of the pulses. 
This information is reflected in the morphology of the pulse 

over the span of a single cardiac cycle [2]; thus by studying 
the pulse morphology, one can obtain useful health 
information about the cardiovascular system. Morphology 
of the pulse has been identified as a candidate tool to predict 
some cardiovascular diseases such as heart attack, or heart 
failure [4] as there are characteristic changes in the pulse 
with aging, atherosclerosis, and hypertension due to the 
increase of stiffness of large arteries.  

 

Fig. 1: Cuff deflation waveform 

Even though there has been a proliferation of oscillometric 
devices in the market, the algorithms used for estimation of 
the pressures are still proprietary and only a few algorithms 
have appeared in the literature. The Maximum Amplitude 
Algorithm (MAA) is the most commonly mentioned 
algorithm in the literature. MAA uses the maximum peak of 
the envelop of the oscillometric waveform and linearly 
relates it to the systolic and diastolic pressures using 
empirically obtained ratios [1, 3]. The choice of ratio is 
mostly data driven. Also, algorithms such as MAA do not 
capture the relationship between the estimates and the signal 
characteristics. A review of the various algorithms used for 
estimating the blood pressure from oscillometric 
waveforms, palpation or auscultation is available in [1]. 
Pulse morphology has been studied in [3-8] at steady state 

0 5 10 15 20 25 30 35 40 45 50
20

40

60

80

100

120

140

160
cuff deflation waveform

m
m

H
g

Time(sec)

978-1-4244-4122-8/11/$26.00 ©2011 IEEE 2492

33rd Annual International Conference of the IEEE EMBS
Boston, Massachusetts USA, August 30 - September 3, 2011



pre
from

In t
sys
util
blo
pul
def
dia

The
Sec
rese
me
des
are 
sec

Osc
sub
ove
sea
rec
40-
con
a kn
vas
kin

The
was
pre
was
onl
foll
Pre

The
osc
rec
inst
mai
ana
BP
(DC
rele
pre
TM C
on 
sim
NI-
buf

essures but has
m oscillometri

this paper, a sig
stolic and diast
lized to derive

ood pressures. 
lses are obtain
flating cuff pr
stolic and mea

e remainder o
ction II; the d
earch is introd
asures and th

scribed. Prelim
presented in 

ction V. 

II. 

cillometric wa
bjects aged fro
er 2-3 days wit
at and let their
ording. The d
-50 seconds 
nsecutive trials
nown history o

soactive drugs.
nd of medicatio

e cuff of an O
s placed arou

essure was reco
s used for com
ly records th
lowing formul
essure (MAP) f

ܲܣܯ ൌ
e device use
cillometric wa
orded ECG 
trumentation i
in component

alog pressure 
S-BTA, Beav
C) air pump, 
ease valve. Th
essure transduc
C Series 9239

a Compact 
multaneously sa
-9239 module
ffered, and the

s not been app
c waveforms.  

gnal-based app
tolic blood pre
e a methodolo
A number of 

ned from the p
ressures. Usin

an arterial press

of the paper 
data acquisition
duced while in
he methodolo

minary results 
section IV, an

DATA A

aveforms were
m 24 to 68 ye

th 5 trials per d
r arm at the le

duration of eac
and the res

 was 3 minutes
of cardiovascu
 They were al

on during the pe

Omron monito
und subjects’ 
orded before e

mparison purpo
he systolic an
la was used t
from Omron m

ൌ ܲܤܦ  13	ሺܵ
ed in this 
aveform and 
was not used
s not explaine
ts namely an 

transducer (V
verton, OR, U

and a screw 
he analog vol
er was connect

9 analog input 
DAQ data 

ampled and qu
e, this analog
n sampled by 

lied for estima

proach is used 
essures. Pulse 
ogy to estima
qualitative me

pulse morpholo
ng these meas
sures are determ

is organized 
n methodology

n Section III th
gy used in t
using the pro

nd the paper is

ACQUISITION

e obtained fro
ears (6 males, 
day. Volunteers
evel of the he
ch measuremen
sting period 
s. None of the 
lar disease or w
lso requested n
eriod of record

or (Model HEM
right arm a

each trial. This
oses. Since the 
nd diastolic p
to derive the 

measurements [

ܲܤܵ െ  ሻܲܤܦ
experiment c
ECG simulta

d in the ana
ed here. The de

analog ECG 
Vernier Pressu

USA), a mini 
controlled ma

ltage output o
ted to a Nation
module (NI-9
acquisition b

uantized. Passin
g signal was
a 24-bit delta-

ating pressures

to estimate the
morphology is

ate the arterial
easures for the
ogy at various
sures systolic,
mined. 

as follow, in
y used in this
he quantitative
the paper are

oposed method
s concluded in

N 

om 10 healthy
4 females) for

s were asked to
eart during the
nt was around
between two
volunteers had
was taking any
not to take any
ding. 

M-790ITCAN)
and the blood
s measurement
Omron device
pressures, the
Mean Arterial
10]: 

(1)

collected both
aneously. The
alysis and its
evice had four

amplifier, an
ure transducer
direct current

anual pressure
of the Vernier
nal Instruments
9239) mounted
board, to be
ng through the
s conditioned,
-sigma analog-

s 

e 
s 
l 
e 
s 
, 

n 
s 
e 
e 
d 
n 

y 
r 
o 
e 
d 
o 
d 
y 
y 

) 
d 
t 
e 
e 
l 

) 

h 
e 
s 
r 
n 
r 
t 
e 
r 
s 
d 
e 
e 
, 
-

to-dig
was 
Natio
was 
(The 
readi
signa

After
arm, 
the s
press
All th
wave
obtai
estim
arteri

A

Augm
peak 
systo
the p

B

Refle
the d
expre

F

C

Stiffn

gital converter
transferred to

onal Instrumen
used for acqu
MathWorks I

ing, processin
als. 

III.

r measuring S
the cuff of ou

subject with 
sure and defla
he pulses were
eform. The f
ined for ever

mation of the sy
ial pressures (M

A. Augmenta

mentation Inde
k (F) and diasto
olic peak (F) (F
pulse pressure [

ܫܣ ൌ
 

B. Reflection

ection Index is
diastolic peak
essed as a perc

 

Fig. 2: Typical pul

C. Stiffness In

ness Index can

r (ADC) at 10
o a PC with 
nt TM LabVIEW
uisition of sig
Inc., Natick, M
ng, and analy

METHOD

SBP and DBP 
ur device was 
roughly 30 m

ated slowly be
e detected from
following qu
ry detected p
ystolic (SBP), 
MAP). 

ation Index (AI)

ex is defined a
olic peak (P) o
Fig. 2). It is ex
[6-7, 12]: 

ൌ ቈሺܨ െ ܲሻܨ  ൈ
n Index (RI) 

s related to vas
k (P) over th
centage [5, 12]:

ܫܴ ൌ ܨܲ ൈ 100

lse contour and its

Index (SI) 

n be calculated 

000Hz. The dig
a USB cabl

W development
gnals. Software
MA, USA) wa
yzing the acq

OLOGY 

with Omron
inflated on th

mmHg above 
elow the diasto
m the cuff defla
antitative me

pulse and util
diastolic (DBP

) 

as the differenc
of pulse wavef
xpressed as a p

100% 

cular tone and 
he systolic pe
: 

0% 

s characteristics, ba

as following [4

gitized signal 
le. PC-based 
t environment 
e in Matlab® 
as written for 
quired pulse 

on the right 
he left arm of 

the systolic 
olic pressure. 
ation pressure 
easures were 
lized in the 
P), and mean 

ce of systolic 
form over the 
percentage of 

(2)

d is defined as 
eak (F) and 

(3)

 

ased on [4] 

4, 12]: 

2493



wh
betw
hei
con
can

∆T 
arte
inv
dur
is t
Du
is o

For
me
osc
pre
min
iden
min
pul
max
was

If t
reg
min
the 
iden
If t
reg
max
max
as t
sys
3) a
wor
reg
or l
pul
min
and
sys
that

Fig
osc
the 
∆T/
MA

ere ΔT, meas
ween systolic 
ght of the s

nsidered as a d
n be a possible 

D. ΔT/T rat

is the measu
ery and reflecti

vasive measure
ration of the pu
the time differ
e to the change

observed that ∆

r every detecte
asures were ca

cillometric pu
essure wavefor
nimum in ea
ntified.  The 
nimum was us
lse has a diff
ximum and th
s taken as MAP

the MAP was 
gion around the
nimum was de

local minimu
ntified as the d
the MAP was 

gion around th
ximum was id
ximum to the r
the diastolic p

stolic region, M
are presented i
rk, 9 pulses w

gions with the p
local minimum
lse was calcul
nimum pressur
d median of a
stolic/diastolic 
t was consider

IV. 

gures 3-6 prese
cillometric puls

cuff deflation
/T curves had 

AP pulse, whil

ܫܵ ൌ  ܶ߂݄

 

sured in seco
and diastolic 

subject. Stiffn
direct measure 

indicator of sti

tio 

ure of transit t
ion sites and ha
e of large arte
ulse. Similar to

rence between 
e in stiffness o
∆T and T increa

ed pulse, the a
alculated.  The 
lse morpholog
rm.  The resp
ach of the 
pulse correspo
sed for estima

ferent pressure
he minimum pr
P value.  

obtained usin
e local maxim
efined as the 
m to the right 
diastolic pressu
obtained using
e local minim
entified as the 
right of the glo

pressure region
MAP and the di
in Figures 7, 8
ere considered
pulse correspo

m as the center
ated as the av
res. Then the 
ll the pulses w
pressure estim
ed during the e

RESULT

ent the various 
se morphology
n waveform fo
unique global 
le the unique g

ond, is the ti
peak (figure 2

ness Index sh
of large arterie
iffness of the a

ime between t
as been used to
ery stiffness w
o the previous
systolic and d
f arteries in eld
ase with age [8

above mentione
quantitative m

gy varied ac
pective global 
quantitative m
onding to this
ating the MAP
e range, the a
ressure in the 

g global minim
mum to the left

systolic pressu
of the global 

ure region (see
g global maxim

mum to the left
systolic region

obal maximum 
n (see Figures 
iastolic region 
8 and 9 respec
d in the systoli
onding to the lo
r pulse. The pr
verage of its m
mean of all th

were calculate
mates depending
estimation. 

TS 

quantitative m
y for all the det
for one subject
minima that co
global maxima

(4)

me difference
2) and h is the
hould not be
es stiffness but
arteries. 

the subclavian
o define a non-
while T is the
s measures, ∆T
diastolic peaks
derly people, it
8, 12]. 

ed quantitative
measures of the
cross the cuff

maximum or
measures was
s maximum or
P. Since every
average of the

selected pulse

mum, then the
ft of the global
ure region and
minimum was

e Figures 3, 4)
mum, then the
t of the global
n and the local
was identified
5 and 6). The
for AI (Figure

ctively.  In this
c and diastolic
ocal maximum
ressure of each
maximum and
he nine pulses
d and used as
g on the region

measures of the
ected pulses in
t. The AI and
orresponded to
a in SI and RI

e 
e 
e 
t 

n 
-
e 
T 
. 
t 

e 
e 
f 
r 
s 
r 
y 
e 
e 

e 
l 
d 
s 
.  
e 
l 
l 
d 
e 
e 
s 
c 

m 
h 
d 
s 
s 
n 

e 
n 
d 
o 
I 

curve
comp
equal
maxi
the p
given
the s
differ
huge
robus
the l
mean
meas
differ
meas
Table
meas
and M
that 
distin
oscill

es correspond
pliance is max
l to the exter
imum amplitud
pulses around t
n subject, in a
same. The sys
rent in each m

e variation in 
stness of the ap
least smooth c
n and median
surements and
rence between
surements wer
e V contains
sures, the MAP
MAP estimate
MAP estimati

nct minimum 
lometric pulse 

ded to the M
ximum at MAP
rnal pressure 
de at MAP and
the MAP [13].
a given trial, al
stolic and dias
measure.  How

the pressure 
pproach.  Of th
curve.  The e
n values wer
d MAA algori
n the estimatio
re mostly with
s the estimat
P for Omron ca
ed from MAA 
ion is stable 
or maximum
morphology.  

Fig. 3: Augmenta

       Fig. 4: ΔT/

MAP pulse.
P when interna
and that wou
d make pulse d
  It may be no
ll the MAP es

stolic regions w
wever, this did

estimates, in
he various mea
stimated systo

re compared 
ithm in Table
on and Omro
hin a +/-5 m
ted MAP usi
alculated using
algorithm.  It 
as MAP is ob

m of the mea
 

ation Index 

/T Ratio  

The arterial 
al pressure is 

uld make the 
different than 

oted that for a 
stimates were 
were slightly 

d not produce 
ndicating the 
asures, SI was 
olic, diastolic 
with Omron 

es II-IV. The 
on and MAA 

mmHg bound.  
ing different 
g equation (1) 

is very clear 
btained from 

asures of the 

2494



TABLE I.      
SBP (mean) 

Subject 1 
Subject 2 
Subject 3 

Subject4 
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Subject 6 
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TABLE II.          S
BP (median) A

Subject 1 12
Subject 2 11
Subject 3 10

Subject4 12

Subject 5 12

Subject 6 12

Subject 7 12

Subject 8 11

Subject 9 12

Subject 10 12

TABLE III.         

DBP (mean) A

Subject 1 6
Subject 2 7
Subject 3 6

Subject4 7

Subject 5 7

Subject 6 7

Subject 7 6

Subject 8 7

Subject 9 7

Subject 10 7

TABLE IV.          D
DBP 

(median) 
A

Subject 1 6
Subject 2 7
Subject 3 6

Subject4 7

Subject 5 6

Subject 6 8

Subject 7 7

Subject 8 7

Subject 9 7

Subject 10 7

T
MAP  A

Subject 1 9
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Subject 3 9

Subject4 9
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Subject 10 9
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Fig. 7: Systolic region of the oscillometric waveform 

 
Fig. 8: MAP region of the oscillometric waveform 

 
Fig. 9: Diastolic region of the oscillometric waveform 

 

V. CONCLUSION 

Our preliminary study has demonstrated the feasibility of 
using oscillometric pulse morphology for estimating blood 
pressure from non-invasive oscillometric measurements.  
Unlike MAA approach, the proposed approach uses the 
pulse morphology of every detected pulse.  As MAA uses 

the envelope information, the local variations of the pulse 
characteristics is not considered in the algorithm.  The 
proposed approach may be able to provide more measures 
that may be of diagnostic value than MAA.   Advanced 
signal processing techniques such as fusion of estimates are 
being developed to make the estimation robust and to obtain 
more insight into the characteristics of the oscillometric 
pulses. 
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