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Abstract

Introduction: Pulsology is one of the most important clinical diagnostic methods in Persian
medicine (PM) and has been used by traditional medicine specialists for centuries to assess
clients' health conditions. Additionally, photoplethysmogram (PPG) is a simple and non-
invasive method for measuring changes in blood volume with each pulse, and the amount of
peripheral resistance (PR), which is crucial for understanding patients' clinical conditions, can
be extracted from it. Moreover, a system based on fuzzy rules serves as one of the methods for
prediction and estimation. This research establishes the relationship between PR in PPG and
PM pulsology through a fuzzy system.

Method: Fuzzy theory underlies many studies aimed at diagnosing diseases. To design a stable
fuzzy system, pulse information and PPG signals from 35 individuals, recorded by a PM expert,
were used. Complete, normal, consistent, and symmetric fuzzy sets sensitive to the range of
input variables were defined to encompass the input and output spaces and to generate rules
using the available data. Stability conditions for the system were also established.

Results: A fuzzy system comprising 35 rules, triangular and trapezoidal membership functions,
a singleton fuzzifier, a product inference engine, and a centroid defuzzifier was designed using
MATLAB R2021b. This stable fuzzy system, with pulse frequency and pulse strength inputs, as
well as PR output, operates within the defined range. The stability of the system is assured by
the membership function definitions, with a maximum error of 0.01.

Conclusion: This intelligent stable fuzzy system provides a reliable estimate of the PR from
the PPG signal by using PM pulse variables. It was observed that an increase in pulse frequency
correlates with an increase in PR, while an increase in pulse strength correlates with a decrease
in PR in the PPG. Therefore, when the photoplethysmography signal is unavailable, trained
physicians can derive a suitable estimate of the patient's peripheral vascular resistance status
based on the frequency and strength of the patient's pulse, which is valuable for the clinical
evaluation and diagnosis of the patient's medical issues.

Keywords: Stable fuzzy system, pulse, Persian medicine, photoplethysmogram, peripheral
resistance

© 2025 The Author(s); Published by Kerman University of Medical Sciences. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cite

ya)

Journal of Health and Biomedical Informatics 2025; 11(4): 291-305



http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2025.02&domain=pdf&date_stamp=2025-03-18
https://dx.doi.org/10.34172/jhbmi.2025.02
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

@
VY0 o VFF o plen e omdfl )50 oSud 3 G § § Cao Y S lo 5983 dleo r
doi: 10.34172/jhbmi.2025.02
oS (S pole olKuiils ¢ Sy Siilo ol oo 3550

®

CrossMark ‘s-m-‘b 9)4 Ao

9 5195 il 3 ool b (o Cunglio (modti Cug2 5 IB SN piuw (150
S o 0

TGLT 3  awgs 4abld ! ousli w1 50 ' HIERS tosro

Ol 0L s ply oKl ¢ Bl 5 05,5 skl )

Ol 018 5 ply o155 (515873 (5 sels Y

XS o Wl

g cosl g B g wilbe Sl Gl b pasis lagbyy piere I S elidoas tesle o adsluw
09y S ol geuniligd uoman e o0 ol (prlpe Codlu Cunsy b5 sl e b plaase
28 ae Ggye Cuaglia (e g Canl G5 B b e Sl pSoill Gl el g Gl
9 obe by J (S Ko sgw il age gzl o 5l plpie y col mre ilow (b Candy s

VEYIYNY il
VEYANVIYA 15

P e Cwoglio (B g lwyl Sauid [)"..l ) w5l L),u‘9£ SRR RPN} VE-Y/AYIYA :]"-5)‘. )L.;".I.Sl

335 )85 byl Gl b (s (a5 pl,S ganly b
63 a2 (sl sl baig oy i sl (S Slalllas ) (6l slive (558 4 e 5157 (1 gl Ok ™
0 &b Slpl b paasis bug o 135 Y0 4 baye pl Sgenihgs JiSw izes 9 a8 SleMbl lul Jlins Sece
Sl pste 0390 &y Capud (ol 9 ()lite 9,5 ¢ Jloyi (JalS' (656 sladegorne .85 1,3 o3l 3)90 35 Py
bulpd g Wby drge ol loslitel b old g5 g (295 5 (6399 sl idgy (sl (9399 m_dehghandar@pnu.ac.ir
2355 )8 i Gl 5l
9 oy Jols Zlitul jgige yhie jlugil (gD ¢ e Cogic mlg (B YO b (g5 pimmw l2AEL
Ay S bl b i o) 45 b MATLAB R2021b s s b J88 3650 s | | 0
oy Ep 4 dagi bl ol Ly 0dgie )3 e Cuaglie (295 izmen g a8 O g as a5 g 638 Ml pias
b Coglie (135 e e (nl Slad 5 035 (0 s (3L (Bl @l 5IB slhasgerns wlliad otz 1 oo ciaglie

Aol s 4 of+) Sl aloeat, il (o igd o) e

Cse S wdazxe Jlaslind fgls )/

Cooglio | oo (pess lpl o (as layuite 5l odlitnl b jlul (56 Madsh wiuw (pl 16 g5 a5l Sy G g oM Klo il
5 Ll Cuglie LIl b Las gl Ll 4 5 osalie g a3 o @) pl S sennilon JiSKus oo FAN-T-0 (PN ¥
pae oloj 5 wilgs o o hjgel G5 1 g bage Jae Cosglie LialS b jas @b il e
Cunglie Conidy I (crwlio (1035 lon 38 Las O g il alee bl el Sgomnitlgid UK 4 (oo i

i ygl Cowd ool Mo jlowy (Sbp Mt pasts g Gl byl &S 08 Jauxe

Journal of Health and Biomedical Informatics 2025; 11(4): 291-305 yay


https://dx.doi.org/10.34172/jhbmi.2025.02
http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2025.02&domain=pdf&date_stamp=2025-03-18http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2025.02&domain=pdf&date_stamp=2025-03-18
http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

B Ol g jlaland S8 e U (Gl pl b i wla] bawgi droxe Cuoglie (e
doddo

5 430 Gl 1) (oS mmenad (loj 5 Mligo ISS) Byt 6y ol ALTE (Shzmy g Coanl ple bty b ol Jb
3 S IS a b S paena 2 g 2900 palb cilise JIS] 4 Coslad pae IS e b (m Kgy 0 a0T5 ol
o syl i 51 (sl )3 Tyl g ol (G316 lgh pr (Hhn s S Arangh ST (050 5 ey S LBCSSS
V] sl 0235 oalil (S 0js> )3 s jlon (st 5 0055 o S Glapiun 9 (mas 45l wile o5ian
36 sle (i do 1o )lS Sl gyl 53 p3la b 3 a8 Cunl Slpl Gl i b S i jbbade; Jl (Se Bk
oS 13l e Sl ey il sl sla ey crpinte 5 oS (s Ll sl SaodT cloii o Lal Jbo s ol im
olid s & bl g e ool pnlye M Comdg g (ilon (b)) sl i b Glansts g Cul g3
slp ol slaced bl oslisl g co ol ) o (ol i )3 1) (uulibeilits )50 50 00 423l Jlae pylaz G ) e
alaly 3 el oMo [F-V] sy o Jai 4y odlatil (BB g dbe arseis pgwye sbasbs) jl x4 b)lon (lulid 5 pasels
G 3y a2y Slando 5 St diej el 3 bl (Bjgel 5 Sy by Las @B s g s 5 428 b
2 0 072 St (650l sy (02165 g ol iz o5 g, Sy (Photoplethysmogram) pl S geutlys S
&l ol 52 a8 2945 oo ookl milags (slacadlie )3 03 yiuS yob  plS gomatlygd ¢l ogdle wanl (A 4> Hlai 3590 il
oAl g (b Candg e 3 (dame (Bgpe gl (e (Db 298 e odlitul oMl L baspe (Sl sla el (i
Gz B amd by (obyasls dlgy Slpl b owlidpas (Gl o a8 s oo slaia g Cuol mre Ghlow (38
33,5 385 63 i (2hb 35kl Wlgi e L) el Al oS gounil 58 ol Loy 008 sdponin (lame 39)e Caoglis
JWew 5> (Jame Cunglie (055 (sl Slnl b ulidpas I edlitl el b)) Gua b adllas o Baio (nl [AA]
Slapias 4 bojpe malie (5B Hl0L pluse (2l 6l plply dboe 5B 0L ptasw (Ahb S ol goundly 528
015 0313 25 (616 s @S JoboS g (Ll Jolhe e 9 0ad S plS gennihgid JUSew iozed 5 Sl b g i
Ll
31 S piamus
ol b ahd p claodly ool p &S couas Gosb 3 2ad o odlainl ple il slaadls o ol b (g6 sleis
oS 39 g0 iy Uy () @b LU Sl slad 3 A (656 dcgamo 395 oo 03kl jluns laie ol selgd 9 (o356 late 5l el
950y pai (V) ddlae jg0 4 93,5 oo [V ] 0jl )3 1y s polie

A={(xpa)xe U} a0 elo1] (1)

Vg v e g0 Wlgi o il oS ds gosre SO 500 Oylie & ] oS dcgasme S el (51 dcgome S (pl
el o yd i S Lol [+ ] 035050 53 diwen b S (556 degeme S Cugae @b aST Jbs jo bl awsl
g3 locs s g glitul 9390 (iiled dasdg)g sl (53 35l wloslie o Cunl o JSi5 i3 )l
il 55 o] (sl () oS ol Ja A (535 e gacne

vx elafl=m, (=0 (2)
Adloe pho o 3l b HlMe «(6jl6 degecme 039050 )3 (63959 1 (sl 50D ©)le &
43l B ol sl (V) el 605 o 355 0o ols Jlo s Aj 536 as50e

3, (=1 (3)

yay Journal of Health and Biomedical Informatics 2025; 11(4): 291-305


http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

@

VY0 o VFF o plen e omdfl )50 oSud 3 G § § Cao Y S lo 5983 dleo
doi: 10.34172/jhbmi.2025.02
oleyS” (Kbjy pole dStily ((Sbjy Sslo gl iy 5950

o551 — ST aclgh 5l dcgamme o il SO plp )] Bl b Jlade a8 33 dgng abai G JBlus (658 Asgase ;3 K05 Oyl 4
Al asly Sglite €ol (ola yisy ¢ S € S (cla sy a5 Wguis cdl caclgd (51560 0 oauol )5l (658

Sguben 48,5 )l 5 o Lulyd 90,5 (2l il (658 et So S inl 6

2N+ 1 .8 sl [af] © R Gojb s s polie V(1) gy 30,5 0 dlasMo V JS05 50 a8 jgbo o 43S (15,8 1) als o

 [@0)osl « AT AZ - AV 56 shadegorme 33,5 o0 iy 0jb ol > oS 5 55 Jboy g5 5l Al 6jl dcgerne
AN+1

Lg)'l.é dcgomo g 09 a)’Lg JJLJ aass 0 )IJ.S.A > C)i‘ 59 oS A2 o pbgy

Sldsgome (pimed 5 Hho

AN+2: "':AQ N+1d).lé

AN AN+1 AN+2 AZN A2N+1

y

>
>

-1 FN+1 2N+ g

oS J S sl Bl @il 1Y JSes

il g2 g0 (F) dlaly yg0 4 (656 oK1 31 0uels 2N + 1oluw Y als yo
IFy isd' =2 uisB' 1=1.2....2N+1 (4)

sy 0] el s 71 135 B 56 eascune
iﬂ E=1:2:"'¢N

=10 I=N+1 (5)
20 E:N+2r"':2N+l

..A.Ju.o Cawdds ¥ 419-),0 oli}i—)fl B 2N +1 “9) )‘ LS}Lé XY J),S Y :\.1>),o
b () daly g 4 8110 60k Sl (656 e jhie o (51 oy Zlitnl puile

Journal ofI'Iealth and Biomedical Infm matics 2025; 11(4).' 291-305 '*i


https://dx.doi.org/10.34172/jhbmi.2025.02
http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

@
B Ol g jlaland S8 e U (Gl pl b i wla] bawgi droxe Cuoglie (e

Sl 4ol il IS g3 S (53035 Lo iy ols e 3 b Ly il i a5 b g 45 358 n L3
lullo < My = Iyl <M, (7)

3939 3 Jlosl b (6,1l asuie o3gamme y3 @Bl 43 [Ve) V] dgy dalgs Il o bl (656 wiuww o3 bl ol b 1Y
g2 dalg IS 55 e (295 1S

155 gownstly 925

Gl Gad 5oy Jai 3y90 S8l ym )3 (153w Sl (5S0ilNl (gl e led g ol lizn o8 gy K pl)S geunatlysd
9o ol CoMlw b baye (Sl sl e Gl il sbcadlye )3 03518 job 4 pl S seunlygs [VY]
Cooglio 5 (155 595 gaw ()38 Lawgs (195 mglSgen gludl Mo )d (50055 B (lps e T plS gonntli s Sl (yrimen
S99 2bdy Su g Sy ghaw (305 by (Sl 9 odi)d 3903 Syl pl S el gid jguitar [WWAF] Cunl oad oMl Jae
plS goustly g JUSiw (Yl (i85 L (sl 0ad SIS jasude (Sloj )90 o) )9 o Sl 6 Sojlul
256 Cov & 0S50 B Slps st B S)h i S gy » o ol g el B s 390 3 SN gl
zoe Jelos 5 45 WA 3500 )8 Sl (nas gl cllld 5 (Bgye e il | Qo (il lo il Jalge
So 4 b hgy el )1 05l pl S geuilgid zge SIS I Ui (2515 5 o dasidie sla Shg gl 4 (Gub) a8
N g Ol GPiPp liwlre 5 bhodly o g i sl )3 Cépiay 0jgyal 2)15 5o pl)S gounsthigid 535 o511 ) guuins
Sgiuge B Al Sle 4 Sdgius anl W] cwl 038 o3l |) plSgonnihsn il (Sojolnsd slo U
o] el larps v cjo & baype (Shy ol 8215 o)Ll pl S ey 528

lpl b

et J1 S pas pardd 5 cul 008 Wl cy i 4 (oob) Slead & cuwl e Gb G Gl (S Sl b
o3latul (ley (oM (b)) sl s b (g bwg cul Jlo olhlie &5 cwl Sl by (Wl pasis by,
S 4 g B0 e D 4 S B e G hoygd plate blusl (e (Sl b wle Sl o ciSe )3 [NFAV] 2980
Ot 0 &8 93 9 (blusl g WBLEI (S 0)93 9> ol a5 b 29 e aBld as plgis 4 BB Sl BT wgs bal b
Jols o jzelly ol agbce 5T oMo Cundg 350 50 Coglidd (gl ciliseo (slojgtall b3 o (s Adle S 93 o
039 9 «was £95 b (BIESs sy S plg g (6 0l COL g gy CudsS Pl )18 (aldS s dw )3 A5 S
DAY 3900 a5 (e b

3 e Lot Jgane ysb &1 g g8 29V 1 103> Jawone Cunglin L ) byl (i (i 058 5 o lsf sl el
) e Cuoglis b (puSe Cunnd Yoo &5 Cunl B lypd oo b Sgts B 3 (a5 o il 4 9 @ (93
oy 02 b) Sgitus 56 13 (a5 pm li) 4 05 e (9 ol S Sle o a4l b > Las Sl g YU ol pegdle
Can Las O g ply slayzell 5 b adlas oyl 5 by PEAVAA] 3l Llame Cooglio by s G Ygano o (A3
Lo last 83 Lads 5 ohlest balyd il )3 e Canglio ol &S ol 51 sl 0 o0lits] lage Canglio (a5
Waio5 opl Ban sl Sbpy wyiwd 53 blE den 13 canl (Sow p1)S gouniligt 0w a5 b 4l 51 g 1S o W) oljwds a5
O bl g &8 ol Glpl b pas Slg g g elial jl esliwl b (lazee canglie (a8 gz 3Bl s Sk
auild o145 gounnily g8 0lwd yidld Cauwd )d (ol (Jrsre Cuglis | awlio pest Llgn (608 as hylee el SWIL S
b

Ydo Journal of Health and Biomedical Informatics 2025; 11(4): 291-305


http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

VY0 o VFF o plen e omdfl )50 oSud 3 G § § Cao Y S lo 5983 dleo
doi: 10.34172/jhbmi.2025.02
OloyS (S pole Sl ((Sdjy Sisloygis) cliiod 3 50

I

FLTIY
oals Tl Gl o pas plg g @ pelal 1 oolitel b (Jaxe Cuoglio (3058 g (558 Hlok planw (b jglite 4
2 03 (xS 03ll Colue 39 00 030> i ) ALTE g 33,50 (Byxo plyS gounilysd jlogal 4y by laome Cuoglio

sl 000l ¥ IS5 )3 457 305 0 o Caanad 93 43 Sigd (St )3 a5 Coluo Bl e (a0 Colus pl)S gounilygid oxis
+

ol 55 4l

=

al

oli(s)
Ag 5 Ao 4ol e LS Jaowe Cuoglio (adld cpmad Y JSU5

PVY]33)5 o iy ya5 (A) dlasly & yg0 4 g 395 0 0000l IPA(Inflection Point Area Ratio)

IPA 4, 8
=7 (8)

1

ol s edlatal s (Sdp pele oKl waes! Jlpl b SulS @ B Al e YO leMbl l sibss ol o
023,58 ) b s Luogs o 1l o oS gamlygth ieio (slbedls (eiziad 5 L S5 e b Jolb LS
Loyl el g (sl i S0l sible (S5 L o3l 181 50 &) 59 oS s g8 dg2se sloodls 3 Al 4y dag L oy,
@b aals #8ly 0 as s ioli8l IV fcwl 00505 (oIS b (A @gd by (e Gans (Gaind pl deld]yd Ndg o
alayly loolatwl b Glusbrs jo s gals cus S laowe Cuglie jadls 4 baye (sosld pismed . Sl g Lib 0 20

wiad gjle by (1)
Xy = Kold ™ Xmin (9)

Xmax — Xmin
ol 0313 1 5S35 X 9 03 (0 5SS Xpnin <ol 03 Xgpq ds oad Jloy 03 X oo 55 &S

il 00 0359l Wnodls !V Joas

Journal of Health and Biomedical Informatics 2025; 11(4): 291-305 yat


https://dx.doi.org/10.34172/jhbmi.2025.02
http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

‘B oySen g luiland 838 e b (Sl b (i polal gl s Cuoglie (puods

Sl b pan das g Jl lial gl (Javme Cuglio (s Cqa [ 10 (s o313 1) Jgsr

b e Sl (o b e (3 yieS RNCH o Gl ot
oas lgs(F) s 3 IEEY VEVY
uas s (W) ¥ \ YIYAY V/-¥a
o cuoglis(IPA) < [3AY RN -Iyss NAALY

D90 pbxl pj Gyge G TPA 2955 5 (F,W) o (639)9 33,5 ,la5 o b (58 Hlul g (b ol I

9 s Slo (639)9 (slapuiio a5 (5 )obdy Bul s yad ) Cojgo A (o) 9 (09,9 Lad Lidg sly (5B slaacgerme I

H2

H3 H4 H5 H6 H7

| | ] I I |

2 25 3 35 4 45 5 55 6

input variable "pulse_frequency_(F)"

A PP 83959 piie Cyguas U Y JS

H1

H2 H3 H4 H5

[N}

25 3 3.5 4
input variable "pulse_weakness_(W)"

A s ()l (639)9 peiie Cuguas UL JSS

D s c0db 03> (LS B S )3 4 psblan (e g (SlaBjed Cogihs @i b (295 ke (dae Cunglie 4l (pivren

yay

Journal of Health and Biomedical Informatics 2025; 11(4): 291-305


http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

VY0 o VFF o plen e omdfl )50 oSud 3 G § § Cao Y S lo 5983 dleo
doi: 10.34172/jhbmi.2025.02
loyS” (S pole Sl Sy Sl gl ligioes 3550

I | I

0.3 04 0.5 0.6 0.7 0.8
output variable "inflection_point_area_(IPA)"

cshume Cuglilo (29,8 ko Cyguis &l 10 JSW

b o3l s ¥ S 3 o) Cugae wlg a8 ad iy [V Flosb o pas Sle 4 barye (o5l acgeste Y olusi 35,5 o alas Mo
g ol 05 03> L5 ¥ S5 53 o Coguae @le a5 s cauye [V F] o5l 55 Lad cins 4 bge (65 dcgeme O dlax ol
ok 03> L5 & JSKb 3 o Cugas wlgi a8 b iy [+ ] o3b 0 asste Cglie (395 4 bgaye (651 degerma) Y dlaws
93899 i b lp e nl )3 polate nl (gl 3)S Sbl (29593909 eyt Sl oslatel b (3168 s
Cain b sly e B85 Gaseie H! (656 slaacgame j3 bl cugas polie ( FLWIPAY) ,1=12,..,35
3,5 (sl 35 1y g e it o 53 o (36 asgeone (FL W TPA) (2951599
YO (Ses OVl 5 W L8l oo dogorme B (has Cind g dsgeine V s lo5 (639)9 lapite & cpl 4 42 b Bais (nl
05 F ¥ ]SS ) 3l ply g 5 sladsgerme 4 baye (51 (il5 (lulp (P8 YD alsje cpl 3 &5 Wb Sl
J.oi Cuwd
(8 Al yo ;> oad adle aeld bl eslil b alsje cpl )3 35 plonl (556 aslsd elol (556 s (2Ll coles 5
MATLAB  JJl py b J8 350 jlo 53y 5 0,0 Lo (556 5l odsl cusd & glitol jgige b Sliao (55 oiues
A5 L L R2021b

e (6l

S (sLapls e (5,10l bl ol gz 20,5 Ao Mo 85 115 o 3590 08 (Bl s (550 piS0 cpl
B i 35 g 8 o Ll () 5 (V) Y) by 5V UK 3 9 0 o8] a5 45

o Hp (b (lasgore [0 ]3] = L23 asgome s glp 0 5 Y& (bfSs » S ole o
onizped Sidlige Jol (V) alad, b [0 B5] degeze ofl oyl o o wis Gy 1= 1,2,..,35 H o0
s Jlog (Sad 5 Sl i sl (¥) oy 45 s (o 514555 & (538 (sloe ocne

025 Ylo pite )3 33,5 o dan Mo .l o jolate ol 05L g by puiie 4y Cod 39390 (claodly Cuwlus wlul p 3l @y )
yyx (6518 degazne S Ladd ¥/O U YO o5l j0 a5 b )0 ful odd (a5 (6518 degerre du dai YO B Y o3L 0 o IS
o3b b duslie YO LY o3l 4 Cuns 39390 (sloodldy 3 Jawe Cuglio um (g o D oo lis Cdlas Cpl sl ol

0 Lad s pxie glp g dssemme V (a0 Pl pate slp (556 (sladc gozme dlisd jobo et 9,15 (6 i ool F/O LY/

Journal of Health and Biomedical Informatics 2025; 11(4): 291-305 YaA


https://dx.doi.org/10.34172/jhbmi.2025.02
http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

@
B Ol g jlaland S8 e U (Gl pl b i wla] bawgi droxe Cuoglie (e

o ¥ sl b o a S aigS lad 05)d (6 iy Gl (a5 Ylo & Cund D90 slaodly pl dad o ylis &S Wb o dcgore
b roe Cnglin 35 LS )0 5 VIO Has cans 3l wU 0 Y0 Jlade (as plg sl ol o Jols alads 53,5 o alasMe 0
ol odld dua}b [PLQJ u»‘ » 09)4.6 “\"“"’L’u“’ .))é u;ub 9 Ml U)L°"‘° JJL-.: L& & s 00 Q2 Lﬁl”’ é)ly PL@J 9 Mb‘f

bl il 39 ord (b (658 piasw W el oad ooy (b Bl @y g (298 5 63959 Slayste sLAS

=W

s i Il s o 13 03,5 L (8) 5 (1) oY) algy 5 00 0313 Lulys abs (6515 s b 4338 &S ool
Slos yate sy bodgdons cul 45" sl J15 5 3g3g0 003 YO dlusd ) sy 0 sy (slaodgie 5o ()l 33,5 oo AT
0 Mol ilgd > Cuwl S oY bl o VB el eore Cuoglie (glp o YUY Gl (A Gams st gl g S UY l Las
Jub o ol S w8 Jgae Sl 5 il 50 5 K00 ©)le 4 5 Wb )8 o Ly 4l I Wy Foslie &8 olSin
g2 48155 )18 55 s)luk 9 3,5 oo

VB ol Gygo @ &S Joso laodls sl (adge ©ygo 4 plans (2905 —$3959 )Mo 039 oy 4 Sl
oas Hlg g pas cims b piio 4y bgye o Wi g Fi Cogo a4 spie (slog) 0188 (ouoy 0 (sl 09800 oy il oo
350 )35l TPAG ©yg0 41 5 (e Cooglio (ad i 4 bgiye j > (295

Aiged p2e 1Y 4 bgsyo daomo Cuoglilo g phnd i (o lgi (aodls:Y Jgaa

2lows i Py (F) oA ds (W) ko Cuglie (IPA)
) o/0 ¥ < [A¥AA
5 Y < IVYSY
v \ 3 <1+ \VA

F* s pas Plg e g2 (83959 Sla e ly &S Gjpo (sl 0ad Wgi Y ool bl (56 el )3 Jgl (558
JaRie Cpitre Wb algs a8 S lal > paie cpl gly Hﬁ G dcgerme ¥ IS5 4 dng b ogycplil il o 00 lade ()l
solgs 4,5 15 )5 it ol el Hs (o6 asgasme ¥ S5 4 dn g5 b ol sl o ¥ jlie ol W iy L2 dins
318 dsgoma D UK & 4255 b il SATM ko s TPAY iy Jams canglic puito g2 (295 ite sl 03

2o 5 Oyge 4 Jol 9B gycnlil b dalss S as ) it ol gl Hypg

IF (F*isH,) and (W' isHJ) THEN (IPA' isH,,)

Jl (pLs o390 e y3 a8 (Fy, W Jolgsds (63959 295 2 551 ol oas o0ls (L5 0 ¢ ¥ ¥ sla S 13 a8 3l ol 4 4 g b
b nlgs £ S @90 0 (TPAG) Jame Cunglio (29,5 3,5 )5

yaa Journal of Health and Biomedical Informatics 2025; 11(4): 291-305


http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

@

VY0 o VFF o plen e omdfl )50 oSud 3 G § § Cao Y S lo 5983 dleo
doi: 10.34172/jhbmi.2025.02
loyS” (S pole Sl Sy Sl gl ligioes 3550

D

pulu_'muenw_(ﬁ) =54 pulse_weakness_(W) = 3.51 pulse_frequency_(F) = 547 pulse_weakness_(W) = 4

inflection_point_area_(IPA) =0.937 inflection_point_area_(IPA) = 0.939
1 1
: I I
3 3
1 6 1 4 1 6 1 g
0 1 0 1

Jol 098 (5399 p3lie (wlwlp +/ATY (29,5 jlalle JBlas .o SN USG Jgl (1998 (3959 p23le (bl g +/ATA (g5 lalle S8 Tae 1T U6

g 2l J15 5 nj Cge 4 (V) dly )05 jle g
IF(5<|Fi<e6) & (35<|W?]=4) = (0937 < |[IPAL]| <0.939) (10)
& (AIPAG) Jasme cuaglin (o295 yicte i 81 3,5 )18 o0 o3l ol o (F W) (63959 295 2 5 (s 21
92 Ablgd ) )90
IF(||aFt]| <1 & ||awt]| < 0.5) = [laIPAL| <0.002  (11)

ol 03> podlae b >9,5— 6399 syl (sh)ls (V+) alasly 13 ons iy o 0dgame b Jgl 96 (gl ods Sl (65w 11 5
Bl wles o Gygopl 0 15 sl S L0 ply Ll e Fi.l ©5y5 (V+) dlasly ;o a5 conl S5 @ Y bl o (VY) dlaily
bl puled ¥ SS 53 o0l iy

u_i;'i.l l:l'!-)= 0

(Vo) daily > wiman S oo a8 Jol 98 (sl 1y 005 i (V) by 3 a5 (5 dsgeme (39 JolS by aeis oyl g
bls 1y (V) ey Ll (F W) (03959 295 & (ago 22 33550 390k 23k Y10yl l5oos W (53959 I crrmt
30 onlgd adh slp gaoge cpl g C8S walgSs I8 ) p dy9e 5 Hlb ol 3oyl 4 g b dalgss Jld ol el alils

Cowl 3olo

.wau.o R)Cypo & 04U uu):u ‘.91"’ é"‘?’ d.‘.\o 9 Cawl 04 .\.«J93 Y ool u,ul.wl » d)lB s D P9 uylﬂ
IF (F? isH,) and (W? is H,) THEN (IPA? is Hy)

P> 958 03gae ;3 aS (Fy, Wi Jolgsds (63959 295 p 55T ol 0as 030> i & ¥ (ola IS5 )3 48 3l wolgs v an g b
s anlgs VS Oygo 4 (TPA,) asxe canglio 39,5 3,5 )8

Journal of Health and Biomedical Informatics 2025; 11(4): 291-305 Yoo


https://dx.doi.org/10.34172/jhbmi.2025.02
http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

‘B ol g jlulams S8 e U (Gl pl b i wla] bawgi droxe Cuoglie (e

pulse_frequency_(F) =5.55 pulse_weakness_(W) = 1.35 pulse_frequency_(F) = 6 pulse_weakness_(W) = 1.73

| inflection_point_area_(IPA) =0.725 inflection_point_area_(IPA) =0.727
1 1
2 2
. —/\
|
3 3
1 6 1 4 1 1 4

0 1 0 1
095 03B (539,9 p3lie (bl +/YVO a3 yluie Jilio .o 2Y JSd 095 (1518 (539,9 pdlie bl 1 +/VTY Lgys lafie ST .l Y JSU5

gy dalss )y 55 Cyge 4 (V) daly )05 @)le 4

IF(5.5<||F?|<6) &(125<|w?|<225) = (0.725< |lIPAZ||<0.727) (12)
4 (ATPAZ) daome Cunglio (295 it Oy i 3,8 55 00 o3l 03l 5o (Fi, W) (63959 295 2 45 5y o 14
g 4l 5 g0

IF(||aF?||< 0.5 & |[aW?||<1) = ||AIPAZ| < 0.002 (13)

03> palde Ly m9,8= 6399 (o)lil sl (VYY) adasly 55 0 iy yx5 039000 b pod 95l8 (gly 0as (il (65 i 11 4

..\M:buo 2) Cygo 4oLl ub)su d‘l‘“ 63‘93 d"‘lo 9 Cowl 00 J.Jy ¥ ool U»L.ul » d)'lé P 3D P gw u?’b
IF (F? is H,) and (W?®is H,) THEN (IPA? is H,)

pgd  pld 039 mo y3 4 (i, W )olgsds (63959 295 2,51 ol od 03> L5 0 ¥ (cla IS5 13 oS 3l wlgi 4 dvgi b
2 dalss A S &yg0 a4y (TPAG) Jloms Cunglio (295 3,5 )13

¥ Journal of Health and Biomedical Informatics 2025; 11(4): 291-305


http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

@

VY0 o VFF o plen e omdfl )50 oSud 3 G § § Cao Y S lo 5983 dleo
doi: 10.34172/jhbmi.2025.02
loyS” (S pole Sl Sy Sl gl ligioes 3550

D

inflection_point_area_(IPA) = 0.0143 | inflection_point_area_(IPA) = 0.02

pulse_frequency_(F) =1 pulse_weakness_(W) = 1 pulse_frequency_(F) =141 pulse_weakness_(W) = 1.46

1 | /\ 1

0 1 0 1
Pgw O}i@ 82959 ﬂblﬁo u»l.w',g «[eyEY @5)5 )l..\io J§L\> N A Jﬁw PG C,5$l§ %959 ﬂ:ﬁa Q«:Lw‘ » o[eY @5)5)‘.\5.» )55‘» A Jﬂw

gy dalss )y 55 g 4 (VF) daly 505 @)jle 4

IF(1<||F?|<15) & (1=|w?|<15) = (00143 <|[IPA%] <0.02) (14)

4 (ATPAZ) (Hame Cuaglio 295 puiio s 810 3,5 )15 0 03l 0l )3 (Fi W) (62959 295y &5 (g0 2 10
R

IF(||aF?|| < 0.5 & |[aW?||<0.5) = [laIPA3| < 0.0057 (15)

odly palae L =95 829)9 &b el (\\°) alasly 3> 0l iy yu 039450 by pows 538 ly ons @1).\9 &3 o 1V 9
sl e (V0) dlasly 3 005

S 35 42l g Sy

b 045 o)) shases Camglio (e sl Sl o alid i ) oslitl cllls b5, can (lanllas i oyl Gan
392 56 ol s (S S b plSgamlysib JiSp

e odly pismed g yad plg s (s g8 dblee Jols SleMbl plad eolatwl 413 YO s CleMbl I sidss ol )
Gilw oy bodly gllas ials gl o SleMbl pl 03 0uds cd Sl b (o bwg a5 0dg i) pl,S seuily 58
sl Coglie (295 9 a0 SIS (a8 O lasdgyy 5B 0 b sl sl pies b Jole (ol Jlis 4 i
Sygo & odd (b (g5 pu 03)5 pbsl MATLAB R2021b Jl58le 5 bauwsgs ccalio (556 sloasgacme iy jl g
Adbee & JSS

Journal of Health and Biomedical Informatics 2025; 11(4): 291-305 Y.y


https://dx.doi.org/10.34172/jhbmi.2025.02
http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

‘B ol g jlulams S8 e U (Gl pl b i wla] bawgi droxe Cuoglie (e

(IPA)

25
2

pulse_weakness_(W) 1 1 pulse_frequency_(F)

e Cuoglie (29,3 9 (i ind 9 195 (S(539,9 L ol 15k (51 )y a1 JSUd

Cind g pas ply pelial jledlital b (Jaxe Cuoglis (1ne3S Caz JI0k (5 whu 29500 daaMe A JS )3 oS pobolen
Jole a5 cind (il b yed 9 0391 pas ©g8 (il Jolee as cand Gl riores sl o (b Sl b s
oyl slojye 5 Sl (Als 4 9990 oo 2 jo @ly 15 4 USh )3 00d (b el )3 Adbiee (2 b Sl
Ol lame Cooglio e W93 S35 ) 9 ¥ ol b 4 Wy o cind 5 ) 95 el b & Fy a5yl logase
o] (50 polie > Bgd o8 L 3k Cazpn g cdlepn (F, W) (639)5 slopite 512500 oo Mo il snlss (gt
)3 3925 (65lkl el oy it

ddaie glie )3 od 031> 350 g @l b cnl g Wboe Gl asee Canglio (yas i g a5 PlE lE L s nl 5
03> 3)lae g gl b oyl g Wb oo Lib 55 daore Cuoglie (o ans g Had ylg el b gusres [FYAFIY] 5)b calls
Cand yialS ol osel [FV]lans ¢ odlide clalae )3 a5 job e 15 )l Clae [SVNFNY] i wolio pped 4D ol
s Elgendi wldllas ;5 a5 job jlod cpizmen )l o o 1y axe Cuoglie Lials a8 30,5 oo slaupd pos i)l el B
e Coglie ol Bl Coarge 4 )3 a5 dgd o Sgtumw loj il cel L Sl il cul sael [VFYY] Wang
YO 5 Ko 08 S35 F LY odgamme 3 Las Cixs 95 B ) odgame )3 (4 15 (6399 (sl piie 45T Sygo p3 33,5 0 [PA
Coagliie (eSS (295 s JS )3 4 dasMe 55 (10) 9 (V) (W) Latlyy ) &5 jsblon 5 33,500 Jld 0 Mg 158
o s i 3 gl (81 bt g ol ] a5 ot (5505 1 88304 pn </ 51 a8 sl b Jmns
S5 o3l Sl ealed 5 Lol gy S plS el g Al 4 dar g b Al oo 0sd (b s )l ekl b )
b Ca 03518 jobo & (pizmen g Cunl o odlitl J5 (e Cuagliie (s sl g Sl GAS 53 (8 e Sl
o i olnl g Syt Jogns 3 e Caglin a5 U 53930 o3itd bl b L ln slo il
Slrl e as dnd 5 yas il slasdgys Jlesl b Glgiige (516w ol jlooliial L gy ol (638 5 e sl S0
5 Pyl cb e 2 blo)l Wlg o cpl 905 (pmesd Jod bB co U 1) Jee Cuoglie jlade wgge (puilsd polie s3g5e )
5 025 OB (as Sl b b Gb)len G Ule g pasull 3 Slgie oad Job @l 5wl cpl bl )80 @) b
Higd Ao oy ol 5l Wlg oo lamastio 9 5,3 1B oolitul 3)90  Jawxe Caaglie

olitl )90 (oo Canglio (et g S slojite plie 4 Slpl b jas g g yad Slg e 9 b o ]
g <8 Yozl 39ai 1,5 1y e canglio b Gl b (i 503 (sloite LS| lsn o (590 53 dpion 35 & 855 )18
8> g i DS Ol o ool e el Sl Wosly LI L omas A5 Sl Cagl i cnl 45 Fg3S
S il T e

Yoy Journal of Health and Biomedical Informatics 2025; 11(4): 291-305


http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

VY0 o VFF o plen e omdfl )50 oSud 3 G § § Cao Y S lo 5983 dleo
doi: 10.34172/jhbmi.2025.02
oy (Seyy pole AR (S Ko yis] cigioes 0

L

P18 g S
s Sy pode o8l (Shpl el bkl gloliy odljle cane 155 (BT Ol oS g (o) Kon 5l puils o oY bxis] 4
oy Sl dilasons s (S pole s dses] JSlpl cdo SlS ) San I Cpired e les 1,08 4SS

&8l o,
i 005 oy S Mg Lanag gblin o slaS i et

DRy
Aile ohas 4 ply o5l ) IRPNU.REC.1403.685 1,5 55 4 51 55 eyl 5951 15 eyl llio oy

References

[1]. Dehghandar M, Rezvani S. Classification of COVID-19 individuals using adaptive neuro-fuzzy inference system. J
Med Signals Sens 2022;12(4):334-40. doi: 10.4103/jmss.jmss_140 21

[2]. Dehghandar M, Hassani Bafrani A, Dadkhah M,Qorbani M, Kelishadi R. Diagnosis of Obesity and Hypertension in
Isfahani Students Using Artificial Neural Network. Journal of Health and Biomedical Informatics 2021;8(1):12-23. [In
Persian]

[3]. Ramzan M, Hamid M, Alhussan AA, AlEisa HN, Abdallah HA. Accurate prediction of anxiety levels in asian
countries using a fuzzy expert system. Healthcare 2023; 11(11): 1594. https://doi.org/10.3390/healthcarel 1111594

[4]. Alizadeh M, Keshavarz M, Ebadiani M, Nazem E, Isfahani MM. Complexity and rationality of Avicenna's
pulsology: a step towards understanding the past for today's applications. Int J Cardiol 2012;157(3):434-5.
doi: 10.1016/j.ijcard.2012.03.168

[S]. Dehghandar M, Khaloozadeh H, Keshavarz M. Ranking the temperature of fever diseases in Iranian traditional
medicine using fuzzy logic. Survey Methodology 2015;44(1):94-118.

[6]. Alizadeh Vaghasloo M. Explaining the Ten Parameters of Pulse Diagnosis in Traditional Iranian Medicine
[dissertation]. Tehran: Tehran University of Medical Sciences; 2013. [In Persian]

[7]. Dehghandar M. Investigating the effect of pulse traditional medicine on the factors of blood pressure by fuzzy
calculations. [dissertation]. Tehran: Payame Noor University; 2016. [In Persian]

[8]. Padilla JM, Berjano EJ, Saiz J, Facila L, Diaz P, Merce S. Assessment of relationships between blood pressure,
pulse wave velocity and digital volume pulse. Computers in Cardiology 2006;33:893—6.

[9]. Rubins U, Grabovskis A, Grube J, Kukulis 1. Photoplethysmography analysis of artery properties in patients with
cardiovascular diseases. In14th Nordic-Baltic Conference on Biomedical Engineering and Medical Physics: NBC 2008
Jun 16-20; Riga, Latvia 2008 Berlin: Heidelberg: Springer; 2008. p. 319-22.

[10]. Dehghandar M, Pabasteh M, Heydari R. Diagnosis of COVID-19 disease by fuzzy expert system designed based
on input-output. Journal of Control 2021;14(5):71-8. doi: 10.52547/joc.14.5.71

[11]. Wang L. A Course in Fuzzy Systems and Control. NJ United States, Prentice-Hall, Inc. Division of Simon and
Schuster One Lake Street Upper Saddle River. 1996.

[12]. Liu SH, Wang JJ, Chen W, Pan KL, Su CH. Classification of photoplethysmographic signal quality with fuzzy
neural network for improvement of stroke volume measurement. Appl Sci  2020;10(4):1476.
https://doi.org/10.3390/app 10041476

[13]. Mousavi SS, Firouzmand M, Charmi M, Hemmati M, Moghadam M, Ghorbani Y. Blood pressure estimation from
appropriate and inappropriate PPG signals using A whole-based method. Biomedical Signal Processing and Control
2019;47:196-206. https://doi.org/10.1016/j.bspc.2018.08.022

Journal of Health and Biomedical Informatics 2025; 11(4): 291-305 yeg


https://dx.doi.org/10.34172/jhbmi.2025.02
https://doi.org/10.4103/jmss.jmss_140_21
https://doi.org/10.3390/healthcare11111594
https://doi.org/10.1016/j.ijcard.2012.03.168
https://doi.org/10.3390/app10041476
https://doi.org/10.1016/j.bspc.2018.08.022
http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html

[ Downloaded from jhbmi.ir on 2026-01-02 ]

[ DOI: 10.34172/jhbmi.2025.02 ]

@
r OHlSer 5 llias G5V i U Sl G as (wlial lawgs (dawowo Cuoglio (pmoeds

[14]. Elgendi M. On the analysis of fingertip photoplethysmogram signals. Current Cardiology Reviews 2012;8(1):14-
25. doi: https://doi.org/10.2174/157340312801215782

[15]. Asada HH, Shaltis P, Reisner A, Rhee S, Hutchinson RC. Mobile monitoring with wearable
photoplethysmographic biosensors. IEEE Eng Med Biol Mag 2003;22(3):28-40. doi: 10.1109/memb.2003.1213624
[16]. Alizadeh M, Keshavarz M, Ebadiani M, Nazem E, Isfahani MM. Complexity and rationality of Avicenna's
pulsology: a step towards understanding the past for today's applications. Int J Cardiol 2012;157(3):434-5.
doi: 10.1016/j.ijcard.2012.03.168

[17]. Dehghandar M, Khaloozadeh H, Soltanian F, Keshavarz M. Modeling of the Pulse Parameters in Iranian
Traditional Medicine and Estimation of Blood Pressure by Artificial Neural Network. Journal of Industrial Engineering
Research 2016;2(1):17-22.

[18]. Naseri M, Rezai Zadeh H, Choopani R, Anoshirvani M. General overview of Iranian Traditional Medicine.
Tehran: Nashre Shahr; 2010. p. 14-27. In Persian

[19]. Chashti M. Exir-e-Azam [Great Elixir]. Tehran: Research Institute for Islamic and Complementary Medicine.
2008. In Persian

[20]. Vaghasloo MA, Naghizadeh A, Keshavarz M. The Concept of Pulse. Traditional and Integrative Medicine
2017:54-60.

[21]. Shing-Hong Liu, Ren-Xuan Li, Jia-Jung Wang, Wenxi Chen, Chun-Hung SU. Classification of
Photoplethysmographic Signal Quality with Deep Convolution Neural Networks for Accurate Measurement of Cardiac
Stroke Volume. Appl Sci 2020; 10(13): 4612. https://doi.org/10.3390/app10134612

[22]. Seitsonen E, Korhonen I, van Gils M, Huiku M, Lé&tjonen J,Korttila K, et al. EEG spectral entropy, heart
rate,photoplethysmography and motor responses to skin incision during sevoflurane anaesthesia. Acta Anaesthesiol
Scand 2005;49(3):284-92. doi: 10.1111/.1399-6576.2005.00654.x

[23]. Wang L, Pickwell-MacPherson E, Liang YP, Zhang YT. Noninvasive cardiac output estimation using a novel
photoplethysmogram index. Annual International Conference of the IEEE Engineering in Medicine and Biology
Society; 2009 Sep 3-6; Minneapolis, MN, USA: IEEE; 2009. doi: 10.1109/IEMBS.2009.5333091

Yeo Journal of Health and Biomedical Informatics 2025; 11(4): 291-305


https://doi.org/10.2174/157340312801215782
https://doi.org/10.1109/memb.2003.1213624
https://doi.org/10.1016/j.ijcard.2012.03.168
https://doi.org/10.1111/j.1399-6576.2005.00654.x
https://doi.org/10.1109/IEMBS.2009.5333091
http://dx.doi.org/10.34172/jhbmi.2025.02
http://jhbmi.ir/article-1-866-en.html
http://www.tcpdf.org

