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Characteristics of Blood Pressure and Pulse Waveform Using Hall
Effect Sensor by Low Frequency Electrical Stimulation
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The characteristics of the measured 80 data during 7 months for the systolic blood pressure (SBP), diastolic blood pressure (DBP),
heart rate (HR), and the systolic time (S.time) were investigated according to the conditions of the low frequency acupuncture
electrical stimulator(AES). The S.time of the radial artery pulse wave was measured by a clip-type pulsimter equipped with a
permanent magnet and a Hall effect sensor. The mean SBP, DBP, and HR decreased by 5.7 mmHg, 2.1 mmHg and 1.4 /min at
124.1 mmHg, 66.4 mmHg and 87 /min, respectively, after the low frequency treatment by AES. The S.time was 108.6 ms having an
increase of 2.6 ms after electrical stimulation at 30 Hz rather than 8 Hz and 15 Hz. The low frequency electrical stimulation was found
to effectively stabilize the blood pressure and increase the blood flow in the human body.
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Fig. 1. (Color online) (a) Photo of pulsimeter (model spuls-2011)
composed of clip part, measurement part, LED, USB part, and display
of representative pulse waves and characteristic points. (b) Photo of
pulsimeter equipped with sensing part Hall device, clip-type spring,
permanent magnet, and switches.
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Fig. 2. (Color online) Photo of low frequency acupuncture electrical
stimulator (AES) composed setting display part, intensity control
volume, connecting wire part, and clip arranging magnetic plate.

HA] 272 FEE 3R] AFeE Bd GP-302No|3itt
[13]. Fig. 2& AAZ AMSH FJH7IA5719] ARRlold}. o]
7171= 743417 A}=-7](transcutaneous  electrical nerve
stimulation, TENS)ElaL= &t} )9 A=) AFE &5
A7=E 7Rk 2 18 717]olth 713 S8AlT &5
= 2L FRolth a28al AES 7I7IE Bl 5ER-9e
HEZQ] 53 o]k AAS AL ERe| FE25 =
A 55 A 259 759 oS WAzl R
A BAE ol 259 FEES HokE AAPIsS s

AIZ1aL APgAIES]] 2Hgsle] HIRkS XE9it). AES 7]719]
5o 3

SASEAE 250 Hz TIvke] BARRE 524 &0, 43
EZ59E Bl sl ATt 2903 2848 Ba) A5



L AE=1> Journal of the Korean Magnetics Society Vol. 29, No. 5, October 2019

(a) Heart Meridian(HT) (b)

(Sho-hae)

(Sho-bu)

Fig. 3. (Color online) (a) The schematics of human upper body
representing Heart Meridian (HT) from the armpit center to the
forearm composed of two acupoints of Sho-hae(HT3) and Sho-
bu(HT8) (Ref. [14]). Two photos of measurement appearance by
using clip-type pulsimeter (CTP), PPG sensor, and two surface
electrodes, wires, and clips according to (a) before and (b) after AES
treatment.

o 3, A7), SEARE, A AR Fulg 5o 247
53 CPUZ AloJE&= A5 ZZI%W(auto mode, manual
mode) 715, EIX] #id &3 Bd7ls Fol Aok B A
o] AFe APl At ol AX|g vl HIHES
Adeisie] 3 ol D318 FHASS ARSSITE 438
WAL 2EFA AgEe] ar, 3 = EAE 8A
WA &l 2E1A FH3} Ao Zode A5 I +
2 /A3 (Ag/AgCHT A(gehE 79501 Ut

Fig. 3(a)llA Aol o] wllo] 1 A58 &< X2
&3} Enle Befof «43fl(Sho-hae, HT3)™9} “4-(Sho-bu,
HT8)9] AX|2, A== o] U FHPA Al&kste] 25
RS A "H77]'}‘:7]"y{ R AT ol2= e 7
g2ho] 42502 47 (Heart Meridian, MT)Sl Z7191] JATH14].
o3t T AYHS A=gto M Ak Adky A}
=T A e 2PEoF gith), B, AAEgks A
3tk A3 Y SAMe et 2ok O WA 9 A3
o] doks AT @ A% AS 7ISA H=t Fig.
3(b)e}t 2ol @ Ri=Al RN JAE BV HW719E
.Q_ _Z_X-]‘Eﬂ—]q_ @ uﬂ)(]jﬂ—‘&‘]o] 14—.9_ j_F'J Pcoﬂ Xﬂ ]—Tq‘ @
ATt 245719 ALs FET © AFH A5719 A5
‘r*/\g A7 73] shtel AR “AsjHT3 e AE
Aol AFS Faslar = U2 FEHoNA AR HTS) AL
HE_ 3o ] j:‘,%' 1—6‘]—1’4— @ EHX]7]E _:_E__J _Q_J—Euﬂ
F9lell FFslar F84 W7 |(PPGYE P9 A 7
th. ® #F9 A571E S S-S sketl WA s sl

< —5—}1::111 un;q _ﬂraﬂo] 4;}0}74] 1,]& AL A 3]]}\1 a4
d=2 A%t} @ FIFE 15 Hz, Z}:L‘ﬂﬂ 5
3 2R §a i AR moke] etk »1& e
agulE AASI) @ F9E 30 Hy, x}lﬁb 102A1Z2
PRT 2% T AP e D3 agule vs

s Flg 3N Hog= At o] @ A5t
row AFsh AF71e] A 1 A
5 AT AL ol AR 29, ©
3% TS YIS wEol At @ viAtes
o] HHH A3 TAVZS woll S s} =
A RS 7|EA] A7 A AL B A2 5}

U2 mise] At 6 viE 3 ZHL Ak i
B 0¥ ol S vlolEIS Fud 2 BA

[o]

L. A8 Zda ¥ £9|

£ dAFelre AT X8571E ol8sl] TET} £k F
Mo BEHEA 22 7 A= APl2 A7 IRFst A1
AFANRE B2 AR SR ol2s FHEE AdHl o
H FFE F=A Gokr] ffal assHe] HRuge] A
3t A AT ke Blolt). ATl Fofgk 9 4
AR 200 =4 R luﬂOl?iE}. AF7|17Ee 20194 3¥x

4, 5, 789 24 10
A= ARl ARl % HA Xﬂ-rﬂr Azt dst, At
I 2 3 AP EE % '3}2513}. W5 80 Slee] AlFeut
A7} o] dolelE l A BAEA

A=A
QEL g Z FojA 7% 1’4 1%_ ARAE P—l
3lo] 4=7] gh@ Y, SBP)9} ©] g AHE,

AHEHR)E 79810 9] él?ﬂ?ﬂ LR F%}O%
Qe wzngel Faolta 557] ARKS.time) B¢ 2 =
bee At AZAIR s ol 22t 29t
XL]7]§ Z?HQ uﬂz]_L}?ﬂO _,JHO}O:] uu;q_,] ‘I‘—S-O]Z]'—
5%7] 9=9) Z719} ARE, WAl wze] =7)9) ARk
AEH wl=e] F719} ARY, FE} w=9) =79 AR, F

i\‘r

[‘3 ot o r1
-

18 A o) F08 RIS 13, 23, 3 vl
2 3] Qo] 7 RE PGS ¥
A A <

Fig. 40 313 WRVl2 598 235 o0

AR BAE AES YR Zeolth. Fig 4] Al
Q= d3e uﬂ;ﬂ_;)ﬁﬂA Rofo|t}, o] Y wHRIn}s
PEj 248 vge) mofo] Z3lel gk holct. 2}
askale] Anals RARS W) 4G Ale] A4 5
PRk F7 W5y vz ojele} Po) ehhich. =

X,
=i rulo

oft
o
o
e



~180- AF3h 471450 BE WS4 EEANNE o83 B9 S0

i

(3% &% HOH  [0.Point678msDATA 3, 382.14) ﬂiﬁ?ﬁ%m Show (d)
Ay
[mvp] P R
‘ 3 5 Hall device
(a) b - A !+ Model: A139x
e R L T L & N 17 S\ P
v AL W~ Wy, A \\ » [}
00 4400 5600 6300 Data Point
16038 14038
[BEISU 2942 AROX0IW)) Info
: : : _permanent
~ magnet ll
1 L
e 1\
~~ magnetic field llne/

..... P(systolic peak) (e)

ch peak
---------- 4 2 C(dicrotic wave peak)

(MABUMOEN  F 139 F 239 FEIY ¥ 439 F 539 (£291: Amp=[mV], time=[ms])

N.amp |[S.time |[S.amp/Stime |[Rtme |N.ime |P.time
» q 'i' 191 e e >, T T R43 () SR/ a4 (¥

» Amplitude (mV)

() [ e 1158 1512 11900 3% 400 A600 84200 1.9-53.04/274.8) ) dlastolicarea
3 ©0% 1219 10660 11600 389 2000 26300 83400 1.9~490.9/255.84) Stie T ¥ ime (ms)
: Qg me 1R 120 39 M 30 RO SDIRE1| e | !
5 425 11845 11958 11800 350 2400 31500 796,00 .3-446R/30.2) s K
Awage | 4390 1225 1097 11880 3% 25940 340 81540 X469, 104/280.126) Plime = pariod

Fig. 4. (Color online) (a) Raw data, (b) filtering data, and (c) analysis table for the pulse wave measured by using the clip-type pulsimeter. The
S.time obtained by the first, second, third differential methods for the average values of five continuous pusle waveforms. (d) The schematic of
measuring principle of radial artery’s pulse depending on a distance between Hall device and permanent magnet. (e) The output amplitudes (mV)
and time (ms) corresponding to a starting point and a systolic peak point with a minimum amplitude and a maximum amplitude, respectively.
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ticipant before (M) and after ([]) low frequency therapy treatment
during 5 min by using the acupuncture electrical stimulator (AES).
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Fig. 7. (Color online) The heart rate (HR) versus measurement
number of 80 during 7 months of one young male participant before
(A) and after (2) low frequency therapy treatment during 5 min by
using the acupuncture electrical stimulator (AES). The mean dif-
ference of SBP by linear regression analysis is AHR = 1.4 /min.
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Fig. 8. (Color online) The systolic time(S.time) versus measurement
number of 80 during 7 months of one young male participant before

(@) and after (triangles, diamond, square) 8 Hz, 15 Hz, and 30 Hz
low frequency therapy treatment during 5min by using the
acupuncture electrical stimulator (AES). Three mean differences of
S.time by linear regression analysis for 8 Hz, 15 Hz, and 30 Hz are
AS.time = 0, 2.0 ms, and 2.6 ms, respectively.
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Table I. Mean values, mean difference values in the p-value of 0.05 as results of four parameters(SBP, DBP, HR, and S.time) between before

and after by using AES treatment.

Conditions of electrical stimulation during 5 min by using AES

Analysis parameters

Before AES After AES Difference (D)
SBP (mean) 124.1 mmHg 118.4 mmHg 5.7 mmHg
DBP (mean) 66.4 mmHg 64.3 mmHg 2.1 mmHg
HR (mean) 87.0 /min 85.6 /min 1.4 /min
8Hz A 15Hz A 30Hz A
S.time (mean) 106.0 ms
106.0 ms 0 108.0 ms 2.0 ms 108.6 ms 2.6 ms
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