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Abstract

In this paper, Finger-Toe Index (FTI) is proposed as an analytic parameter for the characterization of arterial vessel. Different from the
currently being employed pulse wave velocity (PWV) information of the volume pulse wave measured from 4 arterial channels, the proposed
FTT uses the ratio of the shorter of the two up-stroke time of PPG from fingers (UTfinger) and that of PPG (Photoplethysmography) from toes

(UTee)-

To verify the usefulness of the proposed method, Finger-Toe Indexes were derived from the volume pulse waves acquired from 50 people
under examination aged from 12 to 81 years old, and they were then compared with blood pressure ankle-brachial index (ABI).

It was successfully demonstrated that the arterial stiffness can be estimated with respect to age and FTI is more strongly correlated with the
pulse transit time than ABI. From the regression analysis, we also found that FTI has significant correlation PWV for a quantitative index of
arterial stiffness and provides more accurate information than ABI for the characterization of arterial vessel.

Key words : finger-toe Index (FTI), pulse wave velocity (PWV), photoplethysmography (PPG), ankle-brachial Index (ABI)
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A Study on Arterial Characterization using Finger—Toe Index (FTI)

48 7RI ALE B3 A Aok gt mhabA HRiAle g
o ¥ 5% T, TEAN S SH= A Foll v B
AL =7148][9].

B =RdMe 718 BE/dS A A5 (ABDSF U 22
EXo 7 oAgWER Y o3t B H RE AMSHA) Yol 17
A7FAZ Gl gt REg =|A] o ¢S AFa] 9
37 HE 5L R 3R] v A0l I Al e S
st7] g A8 AFEA 2, $-5 AA-F A9 470 S F-H el
A QiR SR A7) H T HAEAA] o] 2 s AlZto] 8
ol HlElgths 7P e SAMSE o] gdte] AHEA|AS
(FTI: Finger-Toe Index)E7-3h= M 2% WS Al2ksliTh

ol & st 2, 55 A HH £R9] 47 & R A dojH
S5} FSA g o] &S AHERARFTD E B4 wetvlE
A a, Astet getulE g 53] 94, 4 7] EF Yol
A EAl &AW uke} S S| FPA 50E S tte s
W5} FAZEe] ARHEAAHFTDS B e 24 ABI)
£ a2, #4385

0. g5 @

TG A 2B 2 2 A -3} £2], 479004 S 4a1d <
2wl HEy) o AT X2, 12Bit A/D W], 281 &%
Edolf2 7ddnh 27 12 A Alagle] PAEE B A
O 2, F-5- AT EEo A 5% ot uloH = A eke Hef
nEE ASsl A AEH2 &8s19°om, Omronjite]
HEM-780 A& A48tk

B =4 AHES WErie HYF tho] 2 =(Infra-Red
Diode: IR LED)$} ¥ & t}o] € =(Photo-Diode: PD)& T4 %
F7 2] ¥E7) 24, Pico Mediit 3-8 W 27 & AHg-a15 )

A sz 5= Fl10mAle) BT AFE AT AR, ¥
Egolesd AR AZE At Wlsln £Eale Ax] &
Z7], W53 £33 DC ZE-& A A sk 2hd 3= 0.01[Hz]
o] 19 E3} o} 3}7)(high pass filter), 60[Hz] A& HAY o]z
AAZ ¢ G A A o 57| (notch filter) 18] 1 T 2] 7]e} 7

[Reference]

Blood
Pressure
[Transducer &
Signol processing unit} [software]
e Monitoring & Data
ol processing
12Bit Analysis & Evaluation
D o
(Nm%?:}fg—esgl LabVIEW {1- Origin
8.1 6.5
Notebook PC

I, A PEE
Fig, 1. Configuration of the complete system

778 | J. Biomed. Eng. Res.

HjU A ol ze) ke uFul A F RS AlAS] 9% AR
ZF34= 40[Hz]2] A9 53} o 37](low pass filter)E T3 AT}
T3 44z A7) 2 dAEE o] H2E MCUMA A-s2
2 0|55 A= 715 S FH5e AHso) 524 7](Auto Gain
Controller: AGC)E FASAh o) 3 gyl e s X F+e
2 A 2 o g Pl 24 Al sAE e 28 457 A/D
Wi 2 JE =g st

dole] 4 2 Hrke AA g gl e 8 s A58
8 Fgtat A4 ghefa|e el UT<be] @4, A3 3 UTe] #A
23 ¥ ABISH UTH 2J3FTIS] #AIE A8 3] A EA 8l
A BBAE BrFEIE

ABIE=3S- Aetn) ubzol 4 B9lo] A Sgste] A4 52
gt 3, 5 L2 e dUT) ddolM S Gl viE
el Ao g 22 g 18-S d S3he A Foloh [5][8].
ABIZ Akl 212 4] (1) o] 3¢k 331 dgollA] HE<]

S Vol oA, A& -5 44 ALEY PVDE

5 F 2 Y AL EE UL HERA A+ 5 5
ke A 48ka 5] At $5 TF < A-8qT7)-[91.

WYY
ABI= ramsas M

FoMe 7129 AR EY ESHA & o] &3] ABI A
BE Q= el Aetele], AP u thAl S AE o), s}
o stz Huel ol2E $4% @AY 4547 (UT:
Up-stroke Time)< A7 313t

2}, 92 287} ZR) 43904 Aol 7 g4 wvte) UT FEE
o] &3l ¢ xH UTSF 7HF 11 UTe 349 X UT5 7P 31
UT9 ¥& AtEshe S AESAAST (FTL Finger-Toe
Index)2} B 9)3la B4 giejn|El2 ALS-31G o, ABIS} mht
I BE AR ABE dSehE A B2 AHgstaAt G 5%
H UTE o] &3lo] FTIE 4] (2)9} 2ol Akt

I
 FALSEIIB)
e

L

: ojepps

- T REARY

QHO +
bat=1

(mmHg)

o7 ©vw

73 2, Simje) Ysksiol oy

Fig. 2. Typical pulse contour



@

UTfinger : 35 A9 UTF 71 &< UT
UT,,. : &% X9 UT% 7 9 UT

&5 A ZHUT: Up-stroke Time) A& <18 E

¥ 2& Wste] AvhARl 53 & el Ao = /\1 W utol e
HAAE SE FAIS, S2RE B9 yigte] HiX S vEhl s
43 P7HA| 9] 713 W ste) AdgAl ol g JHTH11[4][9].

#, 95 ARF X, 459004 A LHAE o] g3}
B3 529 AAe g & 33

ZHRE Aol sE B A& oo 3] 93l 11} 1)
T F BN A A EE e N E 7o 2 gk ds
2 HNke] 30%0 3lFE 32 ¥8 7 (threshold value) S &
&t @S AEdr A5 AUAEDy)S 9 F18

AR87] A8l A3t Doi-Dadl BAZ 715 AE L

oS, 1| E WA 088 naete BE A AS O] ALl
F7IM2 S} F71E AF A EE 03 o] Wate] 7jA|F o

°|& S, o2 AR, FHA HEd 03] Wute] F7sjo|

olE Pno2 A%, AMARE A& 032 vtk HEH )
Al (S A IHP,) I EL2 A ANFm)TE AEH 1, ole
AR EQ el o 2 vhefube] o1 Qld 2w 7&‘%5‘ A
TFn)E AZYTE 0|9 2L P& 4o HEHT)

UT+ oo 7H/‘1X4 oM FAIA7A ol 2 & AIXHE ﬂ“lf&r/}.
w}a}fﬂ A AEE S P A xq(sn) HeEE
ofZj o] wAA ol «16}1 A=, 2 (3)2
o] AEY 2 AT 2 AAREE *l ﬁ@iﬁ ik
AEE M no 2 Yo 2 UTY ks Aat

f

T BHsHE BEEOITh Ak 434
=29 01£ \:}- A UTE =712 vmsit)h, & & A
9] UT(UTch.l-q' UTchg)«] arne H] j!_z‘;}iy_, _;‘q,, _?‘ -é—?q o
UT(UT 2% UTeha)9] 2712 803 3, 2}, $ N33 Zx) zhz}
A 70 & UTE A4 &),
FTI= Ao 383 wvte] UTS $A614 249 ool

UT vl 8 B4she Wi o 24 2] ()9} 2k,

M.K. Byeon, S.W. Han, W. Huh

Read UT for channel

Read UT for channel

Compare
finger : UTen >UTens
Joe ! UTena >UTeng

Select large UT
finger : UTcna of UTens
Toe : UTehz Of UTeha

Read UT for channel

a8l 3, FTIEM S EX
Fig. 3. Flowchart of FTl analysis

n. 4= & Z2n

A AR

ESk|

PTT(Pulse Transit Time)= ol 2diM A J&s P
veluelo] B R & gt A Aokt stetiE o] f843% ASs)
3, Agel Alsde S A 5HoE AeEy] 5t
(SYS)<] Wsle] wp& &2 ste] UTS PTTE #2317| Hl&l 7]

2AYE Wit A3 -E 200 A} 500 AP AE 99
2 At windd s Ykt 49 e 25 5E ol
&3lo] B2 A= WS ARSI o, &8sk B
=98 A3 927 $5& AT 12].

AHEE PTT 342 712 Aol AAES 7Ee
A Watel| M A Sk gl obd A o st i
71X 5ol AR A7 B9 AT SAPA) AL
2 Bz Wapd Ak AlSshe S AHSEATHAL 1"’/‘
4= B Aol AR Hapd e A3hE o3 adenA, &
& ARl A FAo) des e Had g Az PTTL, 5 A1
oA Ao Adsl= Wobd @Az PTT22 & o35t

AgL ol ok 22 5TA = ATt

A 1: AGAE A ok B =M AHER PPG Al 2 -
e}, 57 ot ol & AR E FAleh ).

A 2: WA 2 e I 4790 e A6, @

& 7o) 98 Hof cuffe] o] el AR e Ao HAAH
1002 B 25 A4 FA] 479N SHNAE Ao 5.
WA 3: [ 3l A= 585 Okm/h ©f Rt EFE

PollM g2)7] &5 A3

2 Wzof

)

ol 28 | December, 2007 779



A Study on Arterial Characterization using Finger—Toe Index (FTl)
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Fig. 4, Definition of pulse transit time (PTT1, PTT2)
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