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A Study on the Measurement of Heart Rate Variability using the Modified
Laplacian Electrodes
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(Chung-Keun Lee - Hang-Sik Shin - Hong-Rae Kim * Jeong-Whan Lee -
Yong-Jun Kim + Myoung-Ho Lee)

Abstract - Heart Rate Variability(HRV) is a parameter that represents monitoring variability of time intervals between
R-peak in electrocardiography. HRV serves to various applications, such as indices of autorniomic functions, prediction of
cardiac sudden death, assessment of stress and emotional, etc. However, as measuring R-peak in ECG needs at least
3-electrodes, and it is inconvenient for end users. In this paper, we suggested the modified laplacian electrodes for
measuring HRV at one-point, which are producted by MEMS fabrication and have the two circular electrodes on the
pad. For optimal position and direction, we performed an experiment that compared with pearson correlation coefficient
and the amplitude of signals, between standard lead I and proposed electrodes. We analyzed the HRV parameters, such
as standard deviation of the NN interval(SDNN), high frequency(HF), low frequency(LF), LF/HF ratio. The result
showed that the average correlation coefficient and amplitude are 0.967 and 0.685 mVpp at the position 2. The
coeffiecient correlation between the standard HRV and proposed electrode-HRV is 0.999

Key Words : Autonomic nervous assessment, Laplacian Electrodes, Heart Rate Variability,
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Fig. 2-3 Manufactured proposed laplacian electrodes based
on polyimide
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o A7 AY B4, A5ZA] 9ad IS 44 T ¥
& Ag/AgCl Bt} 271 & Aol &g ¢ 5 A

x 2-1 ® et 2lEetAler 8323 Ag/AgC M=21e] dlm
Table 2-1 Comparison  gpecifications  of the proposed
laplacian electrodes and the commercial product

Parameter Al¢td laplacian |Ag/AgCl(3M product,
A USA)
Cathode : 647.79 &
X% @DC Ag/AgCl 1 45 kQ @ 10
Anode : 6489 Q @ Hz
DC
A7) 08 x 1.2 cm 3 cm(diameter)
{3394 0.1 me >3
F7 5 m 08 ¢m
3. 48 ¢ 25

31 BEMA w2 diw g}

74 #ol *}% EM 7‘1
oo ActE HHe HEYE AR, Y 944 2 459
3, FuEd [1] A Aashes

warg 27 98 il HdxE 54

AAAM 71E BEAA FEE SHEA, Add d=e

AH e} HgL FAN AN 1 T AEE SAY FH
- °]

Pearson 4849 &, QRS complexs] o] $& &4
ek A AxE 29 3-1@)% Zeo] VIE EEAA
ffee 439 58 sy APoE IL g, 4 83
q 93 1, 2 322 dAHIeH, Z HXAA =¥ 3-1b)
¢ o] 8 WO R wFol PN JXE SHsAr)
EEAA] FE9 AdE HF5E B8 AE5SHL 2R
Biopac AF¢l A#d=E 27 EE(ECGIO0C, Biopac, USA)S
=3 2000 8 ZZ39om, 1 kspslkilo sampling per
second) B &Xstgen] AZHMeiE Matlab(Mathworks,
USA)YE &8 Fdstdtt. AsAgE xolz2 AATH F
A, tAE ZE R Qg 5o APEAE HA43 7] 9
3, 05 oA 35 Hz o ddEE /X E 94 dg 534
HE(zero phase filter)& AAStd AAY AAE $H8Y
ok, AHE A4S AY FHol Pan-Tompkins QRS H&E &
2HE[12]E T Roty N3ZE HEFSYGed, R & 7]
o2 7z} 125 ms olWe FHdAH TA Hifhlocal
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Fig. 3-1 Position and direction of the proposed electrodes
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Fig. 3-2 ECG in the proposed electrodes by the positions/directions
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o2 Aubdolx ¥4 &vH<¢ SDNN, LF, HF, LF/HF
Hpe HEae wmsgm, gute el Aolg ¥l
WEE ttestdt AE7S] 4R E pearson FHEAF
ato], Aol w BEAME 4% ARE HI 9 s T
Eigii=s
33 Alg Ax
AH 9x ¢ W AR AFL BHE] A AAE,
Wy 2Ae AAEgch Aokl ASg o83 4%
ARTE 93 39 F2(ESF AZEWW)E AdstL L&
Helo A 2xEoed, AdE ol 1¥ 3-29 X 3-1
UEnpac Arle] T odddA daFed HHe Tteie
U 55 9% Adge wast A5% AN 2ggte] AR
9)(sensor-system interface)?] tAAE HAEAA, AE &
o] BaARsgrl 138 3-28 9 B wWE AME
Nz merg vEhd AoH, & 3-12 old HE A
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Tabie 3-1 Comparison of the lead Il and ECG in the proposed electrodes by position/direction

Position 1 Position 2 Position 3
Pearson Amplitude QRS Pearson Arplitude QRS Pearson Amplitude QRS
Correlation* (mVpp) duration(ms) Correlation* (mVpp) duration(ms)  Correlation* (mVpp) duration(ms)
NwW 274 + 28 52 * 2436 624 + 98 53 + 0.800 209 + 44 58 + 1.228
Lead-1I 0973 2,514 + 33 57 + 0695 09794 25089 & 38 57 = 0.682 0905 2,894 + 42 57 + 0588
NN 627 £ 101 48 = 1685 1,140 + 91 52 = 2.027 375+ 24 53 + 1.379
Lead-1l 0.960 2,370 % 57 56 # 0.890 09609 2433 + 38 57 + 0.797 09657 2,656 + 45 57 + 0.638
NE 152 + 13 47 + 1.196 - 509 + 25 52 £ 1425 383 + 33 53 + 1709
Lead-1I 0.950 2424 + 54 56 = 0.816 0.9657 248 + 0044 57 x 0781 09188 2560 + 64 58 + 3.092
EE 208 + 16 47 * 0.663 121 + 20 55 + 2.929 - 120 + 9 56 + 2,619
Lead-TI 0-942 2479 + 33 57 £ 0.602 0.9632 2420 £ 40 56 = 0.946 07537 2642 £ 35 58 £ 0.710
SE . 119 + 20 45 + 1.636 407 + 84 54 + 1.739 146 + 14 53 + 1.709
Lead-Tl 0.961 2461 + 40 57 £ 0716 0.9802 2,385 + 83 56 = 1210 08997 2641 + 84 58 + 2.968
5SS 500 + 32 52 & 2.268 474 + 38 55 & 1.882 -
Qe -
Lead-II 0953 2444 = 38 57 £ 0.719 09702 2517 + 48 57 + 0605 - -
SW 228 + 47 53 £ 2430 . 649 + 35 53 ¢ 1735 - 650 = 39 53 + 1.032
Lead-II 0.948 2,482 + 46 57 £ 0.719 09671 2544 + 77 57 = 0.848 0.9598 2,805 £ 44 57 £ 0.8%2
WwW 326 £ 52 52 £ 2505 - 1,558 + 114 51 + 1.057 - - -
Lead-11 097 2466 £ 25 57 + 0876 09477 2522 + 50 57 + 0685 - -
Mean 0.957 304 £ 176 4925 + 3284 0967 £ 0,009 685 + 454 53.13£1.458 09 & 0077 314 + 199 54.33+2.16
Value + 0,009 2453 + 43 5675 + 0463 fee 2476 + 57 56.7540.143 " ' 2715 + 143 57.5+0.548
* p < 0,0005
AA 2AHAT, FHFYA wet QRS FI Helh @ 2(SS) 2 NEZEWW) 234 AsE A A, wdd
At BHol HAHAT. W L QRS T dolo) EAE  HEFRE TR o 2%, AT YL HE YHNN)
EEAA R Boh 2A dged o, 99 #o] TF o2 FA EHUE W, 4B FF 0963 L2 G A
£ AnHe) W) Ay 439 PEYE womey] AL AYu gown, AEL 4 mvpp 2 4 2 A9
gosw wadr gol BARYL webd, QuEoE BHE AR AF 9
AAT ez Hug A HY, A5 FHE {FALES Aob wEke BodFoME 97 29 AF wEE 5

H&8hy pearson FHEASE YA 20967 + 0.009), X (NN)2.&

(0957 + 0.009), YA 309 = 0.077) 9 ¢=HRE Ve BAE X9 dFgor H5E
A 27 94 3% 9 189 FaEHol A UeE of RS %

B, 43 32 A4 oluFe fAHA Hel, 449 #E H 328 BEEAA fERAA S48 Awniclx e

ot

B %L wol WA =y, 9N 19 AgolE A 4 Hsh AXY AFAN FHP AARNN FET QP
Ash golA Qurle] WEel, Al dEe] AFHALS thax  =E ME@ Aolth ttestol A SDNN seulE Tt 0878
wobd QRS Fatol thE X ws FopAt A BA = OE sSwvgd v ok e gol uges, Fis

& 4 glrh &Y AV|E A YA 2 HE 685 + 454 oo sabn)e)el LE, HF, LF/HF 7} 22 0999, 0.953,
mVpp 2 & #A2 713 2 d9ke debd 0979 Z 1o 2T Fhol Ugow, 1 o 77rte] Yoz
B A PN s e, AEv AN e d A ALY AFe)A 38 AARN F5E AvoE
kA 3-2 BEAX REof HotE M3olM S™YE Agsiolz g
Table 3-2 Comparison of Heart rate variability in the lead Il and in proposed electrodes
SDNN LF HF LF/HF
STD LPC STD LPC STD LPC STD LPC
Sub 1 0.0327 00327 0.03678 0.03680 0.01399 0.01411 2.62809 2.60735
Sub 2 0.0640 0.0641 0.04367 0.04365 0.01821 0.01866 2.39744 2.33839
Sub 3 0.0463 0.0464 0.01253 0.01252 0.02522 0.02559 0.49672 0.48904
Sub 4 0.0427 0.0428 0.00639 0.00639 0.01124 0.01135 0.56870 0.56295
Sub 5 0.0363 0.0296 0.03849 0.03846 0.01511 0.01510 254712 254792
Sub 6 0.0212 0.0213 0.02355 0.02417 0.0039% 0.038%4 5.96886 6.20773
Sub 7 0.0226 0.0232 0.02372 0. 2322 0.00455 0.06776 5,20920 3.42721
t-test 0.872 0.999 0.953 0.979
Pearson
Correlation 0.948 0.999 0.999 0.999
Coefficientx
* p < (.0005
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FHE H, Addelr B ATdie #FsdY 54
A% ANA e WHIAst AL 94X 17 2 M8 RE HEk]
A AR EA ZdEg e, e Wyt & 9 36
= oddE A3E SAt ol dov, B3] AFe B
4 AE g dEide %o E7FEA. ol AW
el Wt & AhoAdye A Age] wEle: A&
etA R, b AR YA 29 X 3914 = pearson HFA
F7F 2} 0967 £ 0009, 0957 + 0009 ¢ & §42 A
HE 43R et 2REAE, BE A5S o 88 Ak
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g 843 davlelm BA2 oAy AeHdA & 24
M3 zpelzt gldich B d7e dEg Basy] e
AFel oA HEg 9d, HyFey A AFH Ajag
7ol A (interface)e] tie) #& AFry daz & FAoE
Btk olF Folvt AAE Fo Hs] e &
AARl AR ¥, gEe B 5L /Y, HE A=
e HEE okgl 5o o AsdiFgeuirt "@olxr) uE
olth, ma dE Azl 2w Ao o wE a7
E gy, 719 33T P Az f4a Aade
A" ¢x g lojd, wrebA, Aghd A=t A Aol
o] Adeso]xol digh Ao XA A T dAF B
a2 Aol F7tEo] A ol Aoy, ddAZ AF
8% Nz 94408 @80 7Hed uHealth 4dhwol
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