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Cuff-less Blood Pressure Estimation Based on Temporal
Feature of PPG Signal

Mina Shahabi & Vahidreza Nafisi”
Biomedical group, E&IT department, Iranian Research Organization for Science and
Technology (IROST), Tehran, Iran

Abstract

Blood pressure is one of the vital signs. Specially, it is crucial for some cases such as hypertension patients and
it should be monitored continuously in ICU/CCU. It must be noted that current systems to measure blood
pressure, often require trained operators. As an example, in post-hospital cares, blood pressure control is
difficult except with the presence of a nurse or use of a device that minimizes the patient's involvement in the
measurements. In this way, Photoplotysmography (PPG), which is a noninvasive method for pulse wave
recording, seems to be ideal to make simple tools for blood pressure measurement in home care. In other
words, it is so helpful or rather necessary to design a non-invasive, cuff-less, subject-independent system for
blood pressure measurement.

In this study, two optical sensors were located on the finger and the wrist. Twenty healthy volunteers in
different situations were examined to record PPG signals. Also, blood pressure values were measured by cuff-
based noninvasive blood pressure system on left arm as a reference value. Recorded signals were filtered and
processed in MATLAB R2014a software. To promote the estimation accuracy and subject-independency, 16
temporal features in addition to the pulse transit time (PTT) were extracted from the wrist PPG signal. To
estimate blood pressure values, three neural networks were used as the estimator: Feedforward Neural

U/ J"; Network (FFN), Redial Basis Function Neural Network (RBFN) and General Regression Neural Network
5
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(GRNN). After comparison of their results; the General Regression Neural Network was used for blood
pressure estimation. The MSE errors estimated by the best estimator, were 0.11+1.18 mmHg and 0.15+2.3

mmHg for systole and diastole pressure respectively.

Keywords: Blood Pressure Monitoring, Photoplethysmography (PPG), Pulse Transit Time (PTT), Neural

Network
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(Figure-1): a) Block diagram of designed hrdware for recording PPG signal in 2 places. b) Designed System and probes.

Yo 2o o)kl ivay Jlo



3 wasedd JiS dids aw )l isdke bcand
03 ghd (lS 3 L aw el po )9 5k S ) e I3 5
e O 3 e oS eolizal (ol JUiSw (55, 2 5,0
g Jood bawgd PPG JLSs (¥ o glrss! B3>
A 4y 320 da 083L 4 Meyer £l b anlS
Fposaly gyl paises 8B 185 e L
4 gy p0 JiSew 525 51 @11) @03k ' raass ol
3 bos 5 el 3558 0.3 51 S Gl (oS3 Wl
JEKw pnall col s ol e b cwl JuEew (pY s
[10] ligo 205 03 (i3 5 (5 > Blazsl 3T Lol

&S 9 gl -Y-¥
B & by PPG JUSw 51 JSom S 50 s 831 90
el (G cxlyal) Jebs 5B 5 (095 5lees) Joime
J Sey Sloy STl PTT by (e 612
PPG Ui Jomw i 9 Swwd g PPG JUSw
30 Slal B Sldllas bl e 10 L 0uiS dslone |, CiXl
Sldlas ulol 5 [11,12] cul sads alssl 31 sl Lo
2 Sy S Gl dvlons (6l 0ged (0 e i
Sy & 4255 b Sl PPG LS 99 500 IS a0 S
(75 B Gizmed 9 (N (S pge S )3 095 S >
Sl 1 )T e § 5,5 Sl s 4 59 e sanlie
@ 09 ol e 5l 4l e T B Y- s e
(CaSh) p9o Sz 5o b led (@) Cnis S
@e PPG JUSew )3 S 2 (nlplo 098 o0 oaalive
N, ol Gl S PPG Ui )0 casuine S5 b ,blie
dewle g wlive oS glolis Jolis PTT aculoxe
2 s j2als gl ol Wl Jts Sy o alolé
o § atidon b S g9, blis ol o JSew ansis
Db oo dlie ot (LS (e Sloy S
S o il bl 3 S et pla o
kol JiSow 59, 2 Sy by lS5T il 51 a8 559050
b b (Jowbs S 9925 4 axgi b S ool
5 it JuSw 3l el oSy slaxs 5 29y aalys
S dSie nl &) Gln ol walys ool SN e
3 VL 83 slaaily 5 9 PPG JUSems g o
03gazs 13 il ol ol ool (d8,d9) 4 g A Zslans
shol oogaze Hlea aS Wyl (13 e T LV,A LS8

1 o
Approximation

? Detail

Jure Sos Bk 3l Olejee cadicnd sl JuSes
b JUS | o pisml &5 Wisdieo sobind b, 4
Fy2 daily Hgmmg g S Jlzms 4 ST Joe SoS
W L’)".."..""'“

olws 3l eslaw!l L PPG LK &b Wi,
39 095 oo el o0lingl g auiid 1Sy g0 4 oad b
Loy e lad JLiw b o5l 51 s Lol > j»
Sy » Burer Jos og5L Jlions i )lid olKiws S
oz clbgls o 5l gaezme o 0l (5 S ojlil (gL
99 g i Sl j0 03L 90) PPG LK (gladdo as o5l
Olseds ox lid lade Lz 5 (eoliws! cdl> jo o5L
5n b ol o Joleo 528

J>1,s MATLAB R2014a 53l 5 SaS b asls! o
od..ww LgLQJLiMu )‘ Gf)"j C‘)‘?L"“" 9 L}”)b)" s
osls gl (Y-V) 9 (Y-V) sloyidy ,0 o5 85 ol
9 JuSm U55lon ol 4 bgrye 0,081 0l aales
ol 0l s0lo QLW ) Jiu 5 (:54*’3 C‘):L.....J

V v

YU ulS )3 adgs Bi>
b sl eolazul b

YU Ll )3 adgs Bd>
s sl eolazal b

\7

Vi

o Olegs Si>

o Oyt B>
Cdasg 5l eolazl LY

\

Vi

Obye S s

Obre S (et

v N v
PTTacwl gl

Sl S

Vi

\

S Tl g JUSmw (8310 5 Sl e ots 5551 :(Y - JS2)

(Figure-2): Signal processing and feature extraction algorithm
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(Figure-3): a) 8th detail coefficients signal (d8), computed from PPG signal wavelet decomposition. This figure demonstrated that,
minimum points of d8 signal and main PPG signal are the same. b) Minimum points were found in d8 signal and then located on main
PPG signal, which is marked with +.
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(Table-1): Definition of extracted features from PPG signal
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(Figure-4): PPG signal and the first derivative of it in this research. B1 — B9 are extracted features from each cycle
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(Table-2): Comparison betweenthe best results, obtained from Feedforward Neural Network, RBF Neural Network and
General Regression Neural Network (GRNN).

MSE Systole Pressure Error Diastole Pressure Error
Spread %) (mm Hg) (mm Hg)
()
Mean STD Mean STD
Feed Forward - 1.6 6.4 0.89 6.4 0.25
RBF 2.3 0.15 1.18 0.11 0. 06 0.55
GRNN 0.55 0.06 0.11 1.18 0.15 2.3
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(Figure-5): The chart of Target and Estimated Systole and Diastole blood pressures : (Target(s)), (Target(d)), (Estimation(s)) and l,
(Estimation(d)). These values were computed from a) Feedforward Neural Network, b) RBF Neural Network and c) General ‘c{j»’
Regression Neural Network (GRNN). General Regression Neural Network has the best results. 0
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(Table-3): The Mean Square Error (MSE) computed for Estimated blood pressures obtained from General Regression Neural
Network (GRNN) as a result of Spread changes

KFold Optimum MSE (%) Systole Pressure Error Diastole Pressure Error
Spread Mean STD Mean STD
2 0.86 0.3 0.9 7.5 -0.02 7.04
3 0.7 0.8 -0.01 4.9 -0.63 54
4 0.7 0.17 -0.57 4.41 0.05 421
5 0.7 0.14 -0.15 4.14 -0.2 4.01
6 0.7 0.14 0.68 3.6 0.19 2.9
7 0.55 0.11 0.38 2.5 0.11 3.2
8 0.55 0.09 0.4 2.7 0.4 25
9 0.55 0.08 -0.03 2.7 -0.09 2.6
10 0.55 0.06 0.11 1.18 0.15 23
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(Figure-6): Mean and Standard Deviation values, which is computed between estimated and Target blood Pressures (the left hand
Systole values and the right hand Diastole values) in mmHg. Horizental axis demonstrated different K-Folds in K-Fold Cross
validation method.The best result was computed in K-Fold=10 and Spread = 0.55. Dashed lines show Standard Deviation margins for

computed errors, based on AAMI SP10 standard in safety and requirments of medical equipments.
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