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A Study of Biosignal Analysis System for Sensibility
Evaluation
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Abstract

In this paper, we studied about the Embedded System of the biosignal measurement and
analysis to sensibility evaluation in daily life for non-intrusive. This system is two Kkinds of
measuring  biosiganls(  ElectrocardiogramECG ~ ,  Photoplethysmography:PPG)  and  analyzed by
real-time wireless transmission to notebook PC using bluetooth for consistent and reliability of
physiological way to assess continuously changing sensibility. Comparative studied of an autonomic
nerve system activity ratio on characteristics frequency band of two kinds of biosignal analyzed
frequency way using the Fast Fourier Transform(FFT) and Power Spectrum Density(PSD). Also
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the key idea of this system is to minimize computing of analysis algorithm for faster and more

accurate to assess the sensibility, and the result of the visualization using graph. In this paper, we

evaluated the

using a non-intrusive biosignal measurement

analysis system to assess sensibility that measuring various situation in daily life
system, and the

accuracy and reliability in

comparison with difference of result by development analysis system

» Keyword : Ubiquitous, Z+&d(human sensibility), PPG(Photoplethysmography),

ECG(Electrocardiogram),
Spectrum Density)
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Fig 6. Photoplethysmography Measure
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Table 1. Frequency domain analysis of HRV
. ; - Frequency
Variable Unit Description
Range
Total e Variance of NN approximately
Power intervals < 04Hz
Power in the very
VLF msD low frequency 0.00370.04Hz
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LF n ower In the low 00470.15Hz
frequency range
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frequency range
2 AT He) A8 ARARe] BAANE 95t

AARE B0 e T 7b) SOl ARFERE
S ARE FE3 PeakE HE3A AAE HEE WS
& stk JEla A% we 59 2o A4 &
Point] FFTS} R29Ed Qe olgsle) Tqﬁ— 2
Hshe A29e A,

=

PPG signal HRV

Peak ek
nHe Fast Fourier
Datat! Transform
< P.S.D.
Sensmnmy LF/HF Power Spectrum
Evaluation Ratio :
Density

T8l 7. MRS 2AMN Me
Fig 7. Biosignal Analysis Processing Block diagram

ECG signal




-
pu

B7re7] §1@ AAAS EA AlLge #g A 23

7} 7FesiAl sh719lelA v sele &-g-stod
THRE AFR S 2 HE 7Y
7HA Ae)2159] PeakE AE3IAl A&
o Aigst Haghs AEst] B =0l
o] 23 AA oz AAsiglt 1
el 71e7I7t +ell - 2w A3

A
pu—

i~ o

oo

o =
E‘T’:Ejl

Hmsol5td S 2FE s AFsA Lt
7} @AEE AJ7Re 2A(1)3} o] 424l Datad] 429}
T2 ARkete HESA:

Peakpk,ﬁk = Peak Time (TLT) ................................... AI(1)
Interval
\oae o TN o
Averag \’\ 1Average
‘Height ,.W_"jii"}wwl L\‘&/l—w‘"‘
T2 8. Peak 24201 Al8=l= T2I0E
Fig 8. Parameters for peak detection
42 HRV F& & ™MHz|
G ES 5ol HET PeakE 2 (QE o83k B
A A 2} A&AR1 SAAe R FAAE AIAE A
B2 W3S 313, FFT 2418 98t 2Q)3 22 3R
S AHEate] 51HA9 AR wglksiylh
HRVPk‘Rk: Pe(lkpk e PeakPA—l.kal .................. AI(Z}
[y(Hk) Z/(}[k;—l)]
NH, =y(H,_,) V7 X< (kAH-H,_,)

_—_,

J219. HRV AlsQ} MAfz| mi
Fig 9. HRV signa and linear interpolation
waveform

=}

=

=Za|of

a}

43 1= sHFast Fourier Transform)2l
X

M

B

| -
A%Eo] A%A9) ohdz o
Sk, A%
371 517) 9Ishel 41
EERRRE
o2 Sasin A7)

2|31

o
T

=3
gt
)
S
tlo
fol
o
Y

TN 2567] 5714 AAE HRVARS 2(4)
5 FFTHS AR8sle] Fal ARE Wiyl
FFT2E gugEsishy] Aste A6 22 A
M2 AEE sl Bit Reverse 2 218 8

Butterfly LoopZ $14H4S Programming 3}53

e

]

7o

yu

-1 W
A=a+b
B=(a—b) 1T}
2k

N )

Tl’j\‘,: expl
k

27k oo 2T
= ¢cos(—)— jsinl N)

N

T2 10. HEEEI0] ot
Fig 10. Butterfly Operation

w3k 23R )3 FET Alkke] 982 A53e) &
FEZ 2 2007 Zo] Edo] Fa, HE3lE A
T AFHO|RE A5 o] AigelA Al e
BT Agolth & H58E Inla—b] =0 ©]EE 0|9} &
EZ 93 sl AME Al9Jslke dalelge R $8std
dibgo] Havt HEE A, 295 FRA G|
A w21 Qs o] HEE ugEs LA

o}




24 TR FE MR G CE(2010. 12.)

Re[B] = Rela—b] xcos(2rk/N)— Im[a— b] < sin (27k/N)

Im[B]= Rela—b]xsin(27k/N) + Im[a— b] X cos (27k/N)

o~
~
2l
I
[>
=
|m

I

2 2 = (Power Spectrum Density)
ARG FoIR YEEE T3

o ¥
18
it
o
Mz
1z
rlo

oX
T
o,
D)
£
=3
ook
ol
ﬂ?
>
fol
S
i)
N
L
L
_V‘.i
e
4
39
Y o

o
—

18 e
>
2
o wp

= of
12
=2
R
ry
%
N
2
Ho
>
folr
Lo,

rodn
o
to
P

o2
>
hinid
X

e >
-4
Ey
>

oorr we

5%
>

bl

o

2 30

=

|

o,

lo

o

oo

ol

p

ol

i)

o

K

B
o

()

;

ol

!

o

X,

X

>,

o
x(t) o] AZVIERFTTY 4, (7)
o Wiener-Khintchine 3415 288l Adgde 29
:r%}tq A3 2ol 74 & 47} 3tk ol AR
JA3ee] A% Zolrh ol s AT 7ol
Fourieri¥h 45 Fslo] 7ald < itk &, 293 2o
£ Bt EaiE AtEHEEe] Fu AES Power
Spectrum Density S ©}-8-8te] 314 A oix|ef 27
£ FRlsle] F AAAB ] Fulg GRS BAEHATHI)10].

weh o
tlo
D ox
ofo °
o
R
T
re.

J
rﬁ
=
M m i‘i o [o -

N e

2
N
O>'

r., (F)* ‘/m VTT(T)E F2APT L i Al7)
1 A=l ]
P, (k)= ]_v| 2 x(n)efﬂ"’m’ .................................. Al@g)
n=0
N P(%V):‘X(k)lz (u;:27rf:27rk/N) ................... /;1(9)

AlS

*é?ﬂﬁi *ﬁ ‘1]"1:5_ =4 7]% ARgslo] 3Ll A Tt

Wol BAA~HS F
/“JXJE‘: 37}14 AFo 2 LeadlY
1%}04 R peak’} S35 0] HEE 3}
A3, o= Fpen)ell H&3te] A »7}%} oA 43

oL

of me A5 AEHA F AANE 297 BF 23
A

SEERES

The QBB WA A

Ao FRe AANE WIS 9T LA
o

AT 200 F6F 2 k] 2F AT R a4
A 108S tdeE A2 25T Al AANSE 14
7S¢ AEHoE 23t AT E 5E BT ke

Uro] ARRERR o 27] 182 HAsdAR
A FaL, o] AselA IFe By
M9 PeakES HESGE4E)S Fu¢ &
Peak A% Gag]F oJate] FF7 o] Xs} 415 &
NN NES) e 0 FAEE B A% BAHolEe]
TRZIA 7] wjel] g8l wEba] 5% o de] SAAITo
Basiyth a8 SRS Asted M AAE A58
el e ags o] g3t A Z2aso] AT} Q.
£ Bl ATl

J

7t 4] HAA
%F Peak 7&.‘% %}Lﬂﬁ% Salo] EAARAME AQ)= ]
ojr] ASH AT E47171 AR AHE Ee 5 3
ek =3 AR FF Bshe S peak® LL2|F
o ofste] Ao AAH ] S EAshe AkellA Al
o7t =, b B of e AN WEdt 22
EA o] SASIAAT 17 1.3 20| peakr} FSlEHA A
23] HRVE o] &sto] A&A7A19] SAHEE BAshe A
RZ AREE7]0] el

N NEGNIN

PTT [ Pulse Transl' Time ]

[e)
L _ﬁ_;(]o

[ PPG [ Photoplethysmogram |
/
ANEA
L\

ECG, [ Electrocardiogram 1

s

ECG peak:R |

2|11, A ANE o o
Fig 11. Measured ECG & PPG



B7re7] §1d AAAS EA AlZEe A3 AF 25

8 D.K.U-health

Aoz W A9l st ehbs A& sl

~| Port Name
[Succeed]Pnr\ﬂDened T = ST
EEEEEE S e Aol
[Received]P:006 005 Rmﬁ 004 RIC4 Y820 ZIBF7T  E:39C Buad rate
[Receivedl P06 [005 ROO6 S007 X7FE vl ZCE E3D i0bos =
EEEEEE N R R :
[Heceweﬂ]PDm e BN I TR VER gk Bl
[Recalvedlbily L0 mun  Suk XS vem ozl Exm Data bits - A
1338 — H2 RSB LI= Y7 LRl
g RiJE SO0 X7CB YAk ZBFA E3AD Parity bits i
EEREE B R W E E o B i — Table 2. Cnanging autoromic nervous system
[Received]P: K A:005 003 XICE Y820 €02 E3A3
[ocmilpdls: e O SaE (b e Zor o stop hits
lRecshedlot® Lon AR SO XS ved ZCE E3D =S 8 q
EESRE Ll AR 8 ne R o . ECG Analysis PPG. Analysis
[kl tn i s 0% VB i ) Situation (LFHF Ratio) (LF/HF Retio)
Badee bR AR B H e L pm— o) io
feondely L Bl S ¥ VR LR B PortlCione = -
feamdott L R S 0 b o6 B L | 2x|9| Nt 1 12817
oA 293 K
Port Ready (XI-FM%I‘)
Helet #41 1138 1215
. . ;
(RIEx[ Mg
JMjI =X}
= o=
= AL + i
2112, M AHPE XMe| =202 (10 Z4mp 18191 1.7904
Fig 12. Data processing program of wireless receive
2| = 22032 21981
(302 ZHzp '
=
8 0.K.U-heaith o
- : HE 2%|9|
T A 19648 1829
: — e (B8 a8
: M/\\MMAM\WMMW«M 2 259 24001 -
oy = = o =) o
s | A Zeawe] AAS SR1s] skl $1UAS A
[t -
8065 55 =25 i=] = =] o
E sket AdejolA SAsta B9 A9E Hlusith 1089
- (e} 5L =% B H7O =)
LUUMW - G 59 4ol tiek 243} 247 Ante] BAL sk
_ o =
2113, AIFE U oI} 2A AIAEY E 3 R2AEA Mz Xjo|

Fig 13. ECG & PPG Analysis System

EF 3499) o] meh A2AFAY] FHEES e
£ LI/HFS) vige] Wtttk Bed dulz An e

APOPE Hlgo] Agtor $290] A%HL S5 ulg
o Z7ksigdr) 2P AR vslel BAAH} A &
ASFGAR £HYo] AQEF Fol7h WABA ol st
7} A Peckiith BTt 3H3A 2] whEold
W 2 Sl ek B4 ool FEe) 3
2402 PAANY QRS A ot BANE A1g3)
of wslE ZAsE Pl B S50 2 $Hdole )
3 9BL gol Wy WFoltk 137 wie] J3ol e}
wAol FEE AN chae 1 33 24 B
71 Sl @ B AN BARERE B $59)

Hold},
e R AT A A ATE T D
WalA 248 52 BAE Ade] AL BAE

Hlg747) WslE)s
AH) A=R
ekt 2.

ﬂ

el oirte) Alzto] 2mEIRow, o
£702) =] )8 WE7} o 2
Qaage] §HA Fea7)e) A

L

Table 3. Difference of autonomic nervous system

E.C.G. Analysis
(LF/HF Ratio)

P.P.G. Analysis
(LF/HF Ratio)

1.2841 1.2835

1.2033 1.2817

092 (+076) 0.18 ( 021 )

4B
a8} AN YRS
V831 ot Y4 29
w9} Wute] LRo)e] W

= Bolo] nth G RAANE IS >
oa%s}oq ugl), oA HPAES o
Sl ATE TR WHOE FaEo] 9
°ﬂ 1014 ¢1912jo]v] Aol $J it
Askedl 7 dglon, uok 48 242 3]
AT AEE NS FHIEE T 24 A B
HEE 4 ol BANTE A48T 990 s

o

F{E ox JIN’
13 e ol

240

s



26 T R e S as(2010. 12)

& 2sh7] Ysle] B Aol QBN Af X3S
3} go] BAAFow AeAlzEs sy, BAE A%E
YEsh=d v} ok HEF FANS @Iz s
SAMRE HEsle] Ao TN AT AFF d4
wo] FAZHAR AR 2 9 Agsie duit= Al
o] 7127} =, PCAKEe] ofd B} 22359 ZR2A Aol
T w2A BAo] 7hERlEE duelss AdARHE B
S gaE|Ee] Ao} Aol7t gles X 3.5 B3 st
B AlzEle] Ade FERiske ovlvt e ARE Atk

P, AL ARl Be3te] Kot FEEA AT
oA Wsksle 7ol tigh 7Pt o] FolA|H, el we
Feedbacke] 7Fsdte] AAMA dS Hxdhe Al~Ho=
Beto] Hojof & Aolrk w3t A JEE Bt FF3A)
By eirle vt dselM S HRE vEe R
gl we} AelE EFE @ = 71FE X Ui a4t
4238 Aolt}. 53] 9F SH3A st 3} SAA
ulg} Aale] o7} kgt AANZE sk HololMe
Hop #4502 19940 A5 §lo] A== AAFRI}
422 39, o]5 E43te] 43 L ARl wE 79
WSS dlojejwlo]2dle Ag<l Aol ) FF3A 3
7V & Sl AlzElo 2 Heto] Hojof & Flojtk

ot

0

1)

tn 28l

[1] X738 &), "u-health 2%} AN Way, F717)e
T 12815, AHEFAATHEY, ppl3- 26, 2006

[2] o|A%, AR =, “FHAE k] H% FA4A AALs
24 AlE P, =ERFEA RS 5 SelE] =
3, A 183, Al 13, 47- 50%, 2010, 6¢.

(3] AEY, “TAX-THYNY 7, F7esY, 1233
=, 2007,
http:// bric.postechac.kr trend/ biostat’ 2007/ 20070207 1.
pdf

[4] Larsen, R., Diener, E., "Promises and Problems with the
Cirmumplex Model of Emotion”, Review of personality
and social Psychology, 13: Emotion, 1992

[5] Shusterman V., Barnea O., "Sympathetic nervous system
activity in stress and biofeedback relaxation”, IEEE
engineering in medecine and biology magazine, 2005.
pp.52-57

[6] Takayuki H, Kiyoko Y. "The relaxation biofeedback
system with computer and heart rate variability

mteraction”, Technical report of IEICE, 2003, pp.35-38
(7] HyunMin Lee,Dongjun Kim, HeuiKyung Yang, KyeongSeop
Kim, JeongWhan Lee, EunJong Cha, KyungAh Kim,
"Human Sensibility Evaluation using Photoplethysmogram
(PPG)", IEEE Computer society CISIS, 2009, pp.149-153
(8] AES, "YALNEE o83 AFslE R ags
A 20061 gmAtelrlests] EA kel =RA
2006, 252-257%
[9] gks- 211, “HAE BALSA ", o2t 1997
[10] w7 171, “Clefel] oJgh tIAE AlsAjz] Y& DSP”,
39k, 2001
[11] David E. Johnson, "Operational amplifier circuits
Design and Application”, Prentice-Hall, 1982
[12] Sergio Franco, "Design with operational amplifiers
and analog integrated circuits”, 3rd ed,
McGraw-Hill, 2002
[13] Jon G Webster, "Medical Instrumentation application
and design”, 4th ed., WILEY, 2010
[14] 3l9dl “Hippochart NET chart control 3]¥E
ZAepztel”, htmp: wwwHippoChart.com’

ISP |
o x|

2009 : Sk HARE AL
000 - A d=Eiga A7)1AA)

Tkt A
W Eok: uhedth, Analog Circut,
X FErrbedded System
AR =)
1996 : HA BESEOE: T
ekt TEYEL: ()

=g 1999 DA BSOS BUTE
“ Rt TEMEL:
x 200 - 2006 1 AHIEFRIEY A
7ATY
N6~ AR ¢ wETEk AR

3 35



