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Abstract

Research indicates that regular exercise can not only improve the
range of motion and flexibility of the musculoskeletal system, bring
physical agility, improve heart and lung functions, and increase the
oxygen supply to the body, but can also improve the metabolism rate. For
the elderly, exercise can enhance the effectiveness to burden daily
physical abilities. Currently used health indicators for evaluating exercise
capacity are mainly for physiological monitoring systems. In contrast, this
study intends to use a non-invasive laser Doppler flowmetry with
near-infrared spectroscopy for measuring local tissue oxygen and
body-surface blood flow and judging the effectiveness of exercise with

the local loop physiological information.

The evaluation in this study is preceded through two clinical
experiments of ankle stretching exercise and seniors’ lower extremity
light exercise.In the experiment of ankle exercise to the calf
microcirculation blood flow, the blood flow before and after the active
ankle exercise and the changes of muscle oxygen-saturation of 10 male
college students, aged 22-23, are observed,thereby to analyze the
effectiveness of the exercise. The impact of stretching exercise are
explained with the physiological parameters calculated by signal analysis
programs including mean flow signal (MMBF), pulsating blood flow
signal (PMBF), blood flow pulsation ratio (PP) and tissue oxygen
saturation index (TSI). The results show that MMBF of active ankle
motion measured with high power and low power drops significantly

after exercise (M2), compared to it before exercise (M0), while the TSI



parameters significantly increases (P=0.003). For the evaluation
experiments in the light exercise for seniors’ lower extremity
functions, 17 healthy elders with the average age of 78.3 are recruited,
including 9 of them in the exercise group involving in a six-week training
program of lower extremity intensity-resistance exercise with the light
exercise facilities of Floriey Industry International Co., Ltd. and the
remaining 8 in the control group. The changes of quadriceps muscles
oxygen saturation (SmQO?2) after 15 minutes of exercise load are measured
at Week 0 and Week 7. The results show that both groups do not reveal
significant difference in SmO2 at week 0, however, the 15 minutes of
exercise cause significant decrease of SmO2 (P=0.02) for the control
group after the 6 week program, but not for the exercise group. The
ambient temperature before (week 0) and after (Week 7) the six week

exercise classes appears significant decrease from 25.8 °C t019.9 °C.

Through this study, the relative changes of physiology parameters
before and after the light exercise prove that low-intensity low extremity
exercise intervention could promote the lower limb microcirculation at
different ages. The microcirculation physiological parameters of tissue
oxygen saturation and body-surface blood flow can be regarded as the
early evaluation indicators of oxygen supply and blood retention for

lower limbs.

Keywords: Laser Doppler Flowmetry, Muscle Oxygen Saturation,

Stretching Exercise, Physical Activity, Health Promotion
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A% E%‘« gE E:]"fﬁ%’{ﬁj’ﬁﬂjbﬁﬁﬁ% koo 3T A P 1E T m/ﬁ‘,/’r&ﬂfr ) 5

|l
—

WA R R NL 0 R Ed Bk RS L (FF BH
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SRR R R E I o deF] 290 AR Ak WL W2 i 7R
EpE s FUES chiE LA 2 AR T Henan b o Fla (@ 5 gt 15 5 F 0
i 7 B[29] -

Wl W2
1

p————
—

|
H 100 1% 20 2% 3 ¥ 40 45 H 0 15 20 18 30 3B 40 45

1 1 T T

—
T
——

1 ] L | |
5 1w 15 20 & W ¥ 4 45

®] 2.9: ‘FK ifﬁi}:?._,yg,ﬁ,,p{’l/

2.2.1. Laser Doppler & ji3*

AEF AR Fg)%“—t Bk B L PIRITLRABRRET P& D
#(MoorVMS-LDF1-HP ~ MoorVMS-LDF2 > Moor Instruments > UK)
A_d Moor Instruments = & #7#7 3F ehg S48 - ¥ st (Laser Doppler
Flowmetry » LDF) » & - f@2L &k » N 3FpIHIF 7 o do o 7k 9 &
Rl s piche s B iR £ (Erythrocyte perfusion) » 3 85k -5k
ME P L FRIIVEE kR R g B RR ek B A 2 fTat
Lo Fehtis r kiR € R BB AR T R B Mk UL
PR BRI 0 A S P A B RGLET STRIE 3R ¥ sl it
(Class 3R per IEC 60825-1:2007:LDF1) ~ (Class 1 per 21 CFR 1040.10
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and 1040.11:LDF2) » 3 # & L S48 5 5L A & @1] e &5 20mW oo i1
#E ok %14'14 P E 2.5mW 20§ EiT S Bk s F kLR ER

Ay
m‘t"’

= 785£10nm > ¥ EFAEC M Rk FRRIRE C ERIBPBELE
#%—bh"*%"o#&ﬁ%’}uﬁr‘é S EHERET S AF AR ST L
FEFPRIIRE 5‘1‘“%% ZhizE o e NIRRT T o e
AR R RB ARG TR LR ki

I_@;. e Pasion and Tompursiro one L@ | F t@ t@ L@ |
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T 0 e — B 6 [ ®
L moor instrfiments
@1& ag|
EOZ ﬂ* v
|-i 111111111111111111111111111111111 ;- i = - = ~ ~
© @—L@ ol o || _@ifwﬁbﬁ
EU WEEE directive bol Read documentation symbol
(D Prove sockets (® menuenter button (E)] Powercnmﬂsmtc:m (@ usB, port for PG connection
() Laserwaming symbol  (7) Power on / off LED (1 AC mains inlst (19 Manutacturer / Model details
@ Laser on / off button . Menu down button @ Channel 1 analogue outputs @ Power rating
(@) LcD display (®) Laseron/ off LED (19 channel 2 analogue outputs  (2)) CE marking
(&) menu up button () Type BF labels (19 caution symbol () Type BF applied part symbol
B 2.12: Mx FREF R ED (S4R7 & Bl(Moor Instruments » 2009)
MoorVMS-LDF & % #& &= 88 §ipl £ h 5% @ (1) Flux e
B L TGRS e By R ED DR

(2) Conc w % # & & :
(3)DC 3 B :
TEHCVREERT CFanp Y d 3k iRty

/?IJEIJE";’JFIUX E’:j\? IR > _',E' = Flux .‘;ﬁ'? DC 5 X

ER B R B w s
7 K 8 bt % eig & o LDF ik B ipl

kﬁivb ,md ;krg 5

?
kD 7
+ ekl

o
Mt PEFSE

;E‘

¥

P

PESEDEESSF B F LA f,#pﬁ’» 40 =< (40Hz) -

%%iﬁ&émiﬁﬁﬁ%@Wﬁjﬂk%ﬁﬁﬁd

EA- RN

FEE? m , - ﬁi‘g _EJF'\.L:? * 1&1% m}%/nh e E l"' j\Z\ /‘ :ELT] /n“ E ’ IJ'J
4o x/ml - x/mg 2 x/min o F)gt Bl #* perfusion units (PU) i* 5 Flux
fega g e = 5@ arbitrary units (AU) ¥ 5 Conc 2 DC ek 3 &

F 5+ 8 1+ [30] -
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— AHKEH
R4 A E S

T R

B 2.13: 5 B IR0 7 W &8 (TR

)

ARG F K I (VPL-V2-HP) ~ i€ % & ¥ # (VPIT&
VPIbT) » B E 5@ D2 ek R F B B orfl = > FEER TR EL
AN EE R fﬁﬁ'xmqﬁ Arelds B oon CERER B SR R 5
HF kAL F SR B Sk B B A 4 5 5~12mW
MG 0.5~1.2mW 2 FaT kTl G 1 o R A ik R
o AR R R h X GE T RE A R AR
&A% [30] ¢

23 Tt RFHLA T RER P EZ RE

4 18 2 7 Frans Jobsis 1977 # 12 = A= i7 iz ¢b Sk 28 4 Sk ok B P 2
#eit(Near infrared spectroscopy » NIRS) » #1& ~ dpd g » 4 4 e
B if kv % 2 (700~1300nm) ik B & F AT F A TR e
BN F RS R F AL REE T H R ARE R MEEE
TRBEFALE SRS I ATHFE? e e ¥ R A NI E 2L
3 % & & & %9 (Oxyhemoglobin » O2Hb) £ % % n = F o

(Deoxyhemoglobin » HHb) » & = 39 #8855 a2 [31] »
e Jobsis & A A BB AMLT E LRRERE T hwmEd 3
2,a3(Cyt.OX.) » # L MM e v if T 5 B 1% 4k = cnfd > SSEPF B
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Tt N4 K 00%:nF F o fE BB A d a2 § F MR CytOx.

>R RITY > ZRRART ;ﬁﬂ:‘ﬁd% Cyt.OX. & 3T &= F % £

x\“i

(770~880Nm) eiex fc 3 & 14 i& {7 & ip|[32]c Flob f4aT br oh k2§ ¢ fE 18 eh

zaw TRERmE AR E F OV B E S e REER
SR AT b EE RIMRTRE F i e ) §F i 4
£ o

NIRS et jiwiz J5 9 -+t § 2 2[33] - Lambert-Beer law ¢ = 7

P s

N

lo
ODa = Log(T) =&xr-Cc-L
254(2-3-1)

BY OD, AL EEAFTRE A FHELDRFRAE (£ FX
Gl FRE hE ) lo 5 o~ Sedg i o | A B F B g ALE I
B i) % (MM Tecm™) ¢ 5 73 34 ik A (mM) 0 L Bk e~ ok
BBk B enpegE(cm) oA R & (nm) e

Pio- R EELPRY ABEP Y aigsan i g o §

B SRR TP Gldcd ol e § - BRE R R
£ R E B8 B 5 GBS A4 kRS F]F (DPF) 0 3P T
kR AR R enH] 4 A F B Y engest o 1 #fs e Lambert-Beer law

AP
ODr= Er-c-L-B+0DR2

2 34(2-3-2)

HY ODg h %70 05 § bloho chehf § 2 0bx £F 5
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BK ODp, A £ & BIP cnf e FIM TR LERR P M HIESER D
R
AODa

C
ExxLx* B
2 39(2-3-3)
scattering medium
light in (/) light out (1)
—

Cm\év
=

Bl 2.14: > 5 & 50 feif o L 41 & S0 4 4 65 7

24 RBEBELZ B AL 0 RA A AT 0 T A B R A
FOTRLE R ORD GBk MRS E R L SiHE ks B %
DB o 3H B D AR - A R 0 A e SR RS
RT3 FTRIPIEEZRES NREE - KRR L Fla BT
- A AR S BT R EF A S B NIRS & s AT g s
% [34] -

F_&
—\Q..

Y 3G Rz BRI F & i fadr 0 O2HD, HHb 2
CytOX .E'_ ‘ﬁ" 2Hb 1\1" HHB Fﬁﬁ&‘ft’{’# '}v/\‘ig; /E‘Ji‘:"é}ﬁ- ? —E_(THB) o :,E_,_
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b B TR Mg b B

—\

%z

GRS E BVl Bed B Y VUi e

N

v (O2Mb 2 HMb) - 3©~p 2 ¥ £ ¢ g9 vi 3=v (Myoglobin > Mb) & 3&

i & v iz kv (Oxymyoglobin - O2Mb) £ % % »v = F-

RalS

(Deoxymyoglobin - HMb) » O2Mb fr HMb & ¥ & 42 R ¥ & F it

iﬂ’béi EE’fF/}E}i »m NIRS 2 & & Jsmsﬁ HRR - 4 L o ? 2§45

2 EFEE BRIV L F I g o

i g e
B B A
Rt o RABEAA T L kMR T o AT Lk BT &k
Bob friti ey A ST BB A P Bk S R Rt Er Y

|

o4

c%[35] -

Fro 1A o kT H A AR :af%‘e g ey B1a

HOR AV B T Ik e Ben feitie oo R je kL E R KR

g E P ST B RIS A 2D Rk R D

Bl 215 J¢o1 T e dv AR R A BBy fow Rk
Bk s Pl o

Malar extinction coefficient (Tem™m)

10

10

Absorption Spectra of Hermoglobin

T T T T T

—

MIR region

BO0O

1 1 1 1 1
B50 700 750 800 850 j=luln} 950 1000
Wavelength (nm)

] 2.15:02Hb o HHb = % & 4 ]
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2.3.1 PORTAMON NIRS % &

Xk B ¥ artinis FE Bk suos @ ATE O (A 8L PortaMon & & i
B BFR DTk R L RES SRR B ik
(TSI) > 3% ¢ = &4k £ chgf 248 760 £ 850nm - E&ﬁl < 1Hz
2 10Hz 7= RFZRIFR 5 20 2 40mm > kR B E - 4B
f AR hPIN - 1848 > N2 = B LED % 5+ B(TX) 2 ¥ — LRI E
rREdEA W 300 35> 40mm > & B LED kiaH B 5 B L
iz 1 EEYE 5 5mm o - PortaMon 45 g g L K F o B A BRI ES
LED = 2% Rl sl § > 2 jd # aFRIEY FIRE FRlE
ﬁ%‘« 6 & 10cm g & kA enF 3 o REE A K B E T ATEY koo B
d 20 BRX)“TH e » RE A | % 83%52x20mm[36] -

B12.16: PortaMon ix % &2 i #7428 (Artinis Medical Systems » 2013)

w8 § 4v{rdp #e(Tissue saturation index, TSI)E.if i *h kil
B ¢ FF fosy hip gk R R o R Bey Hot
(MLB) %32[37] - 7 851 5 § s § i i dov PERH L 0 o & H

)
o
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ERT UHEA a2 R EE . A %k ¥ (spatial resolved
spectroscopy, SRS)» . SRS ¢ 4 8+ | & 845k chdg B AR E (F L 8 5
FEEHL NI o P S B B AN he 2 Fed R R [UM] e
fedic (pa) § 3 40MES > B 7 30 D B R 4 fodp (%] -

Receiver Transmitters
Rx1 Tx1 Tx2 Tx3 -
&
il 15
E -
Tissue : J =
Distance
o
o °
Ad o p slope
d Distance

Bl 2.17: TSI £ Plw & B

K - B RHCH A TP B bl B BT B8 R A

AT e kR g el d Bt Bk PID] ks B kP E R
s ,fk s | foic bt Rl F g d 30 A B 3 Bl kR inip iF ek
¥R 22k R ik R BE A chaL (80D/8d) FL A K P 2k B et
Gl B Lk BA R BERAZRE L LR %*mm Bov

PR s e K AR AT iR AR R EARY AE R R e

\
S
In
o
_"\

B Y Cho~Comb% Chmp EoKk B $HER > 455 3 £ kv
Frm g w2 B9 o gpo(h) ~ €oorp(M)E Enpp(M) Bk ik T licr 7 e 4F
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Aihm oo RL R PAFEIRAE R ARSI L §F 0%
F )5 @ m g ok (STO2)E O2HD ik & » ¥ &4 bz Fovi e
%% [(O2Hb/(HHb+O2Hb)15 - 7 fath e S & frdp e L i 5 § 4 fr
B (STO2)F 4 v ehifgihid » d g T &

TSI6] = 2P % 100% = — ™+ 1009
= T * = Cozrb + Carp 0

234 (2-3-5)

TSI ety £ 28 f e Tl 0 ATS TRl ps R R
KFRAACFTET FREMRG M 0 AR s RFRERT AL AR
Mot B o Frbt thliopl TR 5 us = k(1-hh) > TSI -8 v jEUGY E ik
Rk ot Bie(na) o SO i (pus) L O F B hfr k %4 [39] -

SPRT M A TLE o o F & or [O2HD] {o[HHb] 0k & - d Ak
FER LY A b B R B2 T e 0 5d B B SR B e
FEHL o K fo h izt F fiorg 25 ps = k(1-hd)sfgst fhdic - H20 -k &k
SNk v A o TSI A &k F FRT et mikd 5 60~80% -
BB TSI E At R K 3T 10008 o B A GE Tt B

;U o

2.3.2 MOXY »v§ % Bl ik

MOXY i & jp|€ fovp £ fmod F ¢ dhd do v 23 i Fov § e
Bow iy Ronfmeads F %A 3R R gi.;-]gﬂ LS
FF s R0 B REF U INT R NE 502 5d 17

Fohtm F R Bd R A e ? e F o s g E ol

T\

VF EHF R HIGE R A Rk ] At o
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S S

FRELMIE AT T NIRS B57 & o v 2290k Fov chfp
TR ey T iR

v

ooy e ey F SRR B Y

P oehimi o @ ok i ken Wi d B Fhd R
B FAARRT M oW 218 35 K F efor fRid &

W F% RjRMEY A F I B R pH EhFE § BB R
&

.3;

A0 T A MOXY £ Rli v Elo v § F s

*

. Normal human blood

. Myoglobin

0, saturation (%)

0, pressure (mm Hg)

Bl 2.18: 5 iz F-v B2l Fou R R

i ¥ éﬁ'?‘“ﬁiiﬁ FEE e Fen foviis Ged b § F e Ao
trfr %14 ¥ 0% ] 100% - # ¢ SmO2 ~ SpO2 ~ Sa02 ~ ScvO2
¥ uigethnS ﬂ‘i#%‘%ﬁ'?ffi CPBES U ek SRR -

=

Oxygenated hemoglobin + myoglobin
( - - ) X100% = Oxygen Saturation
total amount of hemoglobin + myoglobin

2 37%(2-3-6)
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MOXY Sensor {1 #* 2k ¥4£.630 nm~850 nm £3:iT &= ¢k sk Hojis o
R g § e ok (SMO2) s F E R > SH K & J 3 k- R
KIFPE = P\‘:'ﬁ—fek L e @ 2 B R /[yfit@/__.e’gﬁl\zq;}ﬁi:%m )

dRRIEBAS T R B EA N LG FRTR e

\

m

KALFTE IS A W w T 5 12.5mm &2 25mm Skl o A A R AR E
ERE # (IEC60950-1) » iF /= ¢ k2§ #rip| £ %A & 12mm
BARA 5 5 & AP 05 % & 2 % (05Hz~2Hz) » R E < ] 5 8.2x 24
x17.2mm - £ 4 & %ﬁltéﬁiﬂﬁ W ¥ RE0F 5 Py £ [41] -

E\

2.40"

BRANHEE . :
; % /mam AR

(10)
L

USBo — Sk R IBE ERETE

Bl 2.19: MOXY & B {4 47 £ B (muscle oxygen monitor » 2014 )
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2.4 AEFEE L A%

AT P A RFHE R BREI DAL TG BET Bl A
FORE ML R R 5 BB S S 015
A BFlux® = T RETET > B REBR BT REFluxE &
DCH i fE 555 4% » @ F %4 * 5.0V=500PU# 3% = ;- ¢ #7ip
£ 4 i® 5 500PURS & sLpl4% B # 5V & B FluxE = (1LOPU)#-% I 6 o
ocV e

Analogue output settings
Flgx DC.FIemp
T —— P
© )
Flux settings DC/Temp settings
Flux output (PU) DC output (ALU)
5.0V =100 5.0V =100
5.0V = 500 5.0V = 500
5.0V = 1000 5.0V = 1000
2.5V = 1000 2.5V = 1000
Time const OR Temp output
{Seconds) (°C)
0.0 (unfiltered), 2.5V =50
0.1,0.5, 1.0, 3.0 5.0V =50

fB] 2.20: g vt ﬂi%l 4120 5L A2k @ (Moor Instruments > 2009)

ADC #t /B 4B AT % T B A 7o B B &
7% I8 0 B LR R i o 5L i {7 B~k (Sampling) & iF - ¥
) g s (Discrete) > fd 2 ELF 5 (Holding)#s iE18 » 2R 18 L #45B~
T e BL B E e 2§ 1L (Quantization) 0 B fé B e A Hoim gL o H ¥ B
PPt MR el SUBLECE R B - - P T PR
(Sampling rate)4% & $f31 5L eh % B A2 B AR K > A JE T OfEAT R
(Resolution)A% ® ; & it WAz p P E ic $9 15 @B~ 7L 5 chdicie 0
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BT RGP 30 AU S S i S K R A S B
ETERENERRE T N IR R S T 2

L0 kg ﬁéﬁ 1 R4 3% el ma afen s s AL 5
Lif Az Y ADCHc 8t crde B BRI 5§ P HH R 5] e
r%a&ﬁazmm i m]» e N e L

>
i
|k

V) W)
A A Y
] o [
10 | |mm]m.
101 | [wm] ]
1t o | W | |
011 [ ] ]
010 L1
A AtTA m ™
0 SO ro 0 )
FHLHR Bk iRl AR
Analog signal Sampling and holding Digital signal

Bl 2.21: Beim i #3542 )

9 %% # NIDAQ card USB-6221 #ci-s#f v i B d 2 W7 &
& B o & (National Instruments)#7#7 4 1} % 3 USB enM [k 71| % # i e
DAQ k%> B P iF T A8 USB-6221 1T 5 A B e T K% o Vg *
WA AT R E B NPT L5 5B NIM kA1 USB % #
T B oA Tl RER 0 M PR R IRT ORI 0 5 16 B
ﬁi%]/\ 124 BHc 1O R > H g o NE S B EFLEIFE o

NI USB-6221 DAQcard #¢ * 16bit i i #c > B~k i# 5 250kS/s > &
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p
(=
-L,s,

G AT RGO TR 2 A R L LTS

FOATRF D R T % R T R AR A

SR EET R A A T g RURIRIUEL S JRd et Matlab o # ki

DAQ card fps F g4 5 ehB4% > £ b PE3K & A ST R PR
%#c > A % 5 CHI(ECG 3t 5:) ~ CH2(Flux « 73t 5.)2 2 CH3(DC &
£ EE) o B A N R T

B
E

N S
Pt
a\
C"ib

)

i : 17 A4 R 81 PFI&P20
m > BAR o - 82 DGND
NGO $ 19 AGND  poa el [ 83 PFIQ/P2.1
A1 i 2 A5 s sl 84 DGND
N 21 A3 s 85 PFI10/P22
Alg 5 P04 69
NOND 6 2 AGND o g 86 DGND
A ? 23 A6 e 1l 87 PFI11P23
] 2 A0 8 24 A4 POIT 7 sy 88 DGND
L 25 AIGND 89 PFI12/P24
) LA AIGND 9 PFIOP1.0 73
L e % A7 X 90 DGND
Al3 10 PFITPIL 74
! g = 27 A5 91 PFI13P25
e e AT PFI2P12 75
3 N 28 AIGND X 9 DGND
B 7 AIGND 12| Y T PFIP1.3 76 55 FrI14P2D
B==— | [umenll GloNen il Sl Son
T — il 3 AO1 I 95 PFI15/P27
A00 15 » pocnn FFIGPIS 7 R
s AOGND 16 pFI7P1T 80|18 .

B 2.22: NIDAQcard USB-6221 # % % (National Instruments > 2008)

2.5 Matlab #2;8 #t#8 4 &

MATLAB % & = 1984 & d Math Works 2 & #i4t 3) cniic & #c
oI - BEREFPEIRBETTHATTIE  AARF P HIRER
el By £ TR EE S A R kP H AT A R
AT S S o R L L UL
Bk i - PR P AR PEFE RS R ERENET o

Matlab £ 4 &2 § 552 3k ehsd it 0 & F SiE g (T o 74258 i
ok el AR © F 2 FE AR Tl
A TEY & ﬁm@%*@ﬁ~ﬁ%fm\z@@ﬂ S
WEAFRY > AN A RRY RSN RN L L E

ﬂ“\
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B

(Toolboxes) » it 33 # i & * K Poif & 315 £ &2 5
AR Ac B i AE S

e
% B T SRR BN EATRIERSBN o (T

5RO AR

1 e d B FAF T E L

Fig* oo

Matlab 4 {7 b 38 € R fT 3| hF B E p & 55 = BEL iy
MR Y R IS e R F T REHE N %
7 e A z

= HEA s

)
Pl m?}
g
AN =
“Z‘; T~
& e
= R
L
i
o
o
i
3

Rl
e
é\
T
o
c‘l’
pE
Kz
fputs]
Rl
e
w
TE
40
b=l R
-
b
_—
e
b
P
pes
&
or)
B
=
Eh3
3

A ARIE Y > Fp e BT 22 CiE S & Fortran 3 Apinid 21 o
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ZE RERET RUBRMETE KRR

M 585 5 R i
31 AR

rR T TF 2R *ﬁﬁa i FJDF‘H-@ NIRS % ;g
ﬁﬁﬁﬁﬁﬁﬁwT%ﬁﬁﬁiﬁﬁﬁﬁﬁ%ﬂ’%@ﬁﬁiﬁﬁﬁ

\f“‘b

% (54 T T 0 R B Bl ) B e e R AT AR
A Bt KT TR S R B PR B TSR ¢ chd B R B B

% & (Dorsi flexion)fege & (Plantar flexion):i& & ezt % o
311 =%

AL P AL E22 3 23/ 10 &5 < F 4 X 20 FR G TR 2

e HP P - EpRARAGTNERG T SR N
BFXERM S Gk A e g ERT AW 5 ALA B TR

& g
PUR g ¢ e b 0 BB Ol E e O B RPIF =+ 18 Rk B R
A}v}%mi% E«”‘i‘“ 3 6 A xblfigz;hg‘:‘%ﬂ °

%0308l A A TR

7 {2 £ 3% (N=9)
Eg i & X (cm) 169.3+6.8
1 58 £ (kg) 60.4+7.6

BMI+1E % £ (kg/m?) 21.0£1.5

Y2478 (mm/HQ) 122.1+7.0
£+5k iR (mm/HQ) 70.9+6.3

9% 4% b (time/min) 83.2+9.2
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312 R%FinsE

W
X

FHPECNEREADIHRTN BB EESL N AT IE(
251 &) BAREAINFT0OL10% B F P ML ERETHP F A

Ment T AEFLRETI@FL T E R PTREF > B
G BB BRI FE L EEI RO ML G

R R TEpenL T A YrA -l FThi 0 @ 7 FRIITE )

)

uiv B9 RS IE T Ak 5o TR BAERE o R RIFEE ALY R TR E
3 S ) E”nﬁaﬁn%gmm X £

ﬁ

,E’Bf ferl T o lem i g oo
- A A Pﬁfﬁg‘/ﬁlxwlﬁ % - HApz o T BE  NIRS 2%+t 3
FEREE L 2 20m e

/I~ B8 7§ Bk

| Dorsiflexion
! Plantar

\ju flexion

B 3.1: % & Brppd > iR

FREF RO RESR 2 B FARRL YR
bk fi en2 12 2 MO we P o A B[RI3ELT o oh Sk NIRS 5 100 45 o
B % LDF 4 600 £ 5 SEfs 8 {7 ML "5 vvi § LR & 18 & oh
F (DorS| erxmn)frﬁﬁwb (Plantar flexion) = 8 # {¥>Stepl # & :10 §)~

©

Step2 #x%::10 #) ~ Step3 g ¢ :10 §) ~ Stepd *x£:10 45 5 — X 2 R
WiFdk 4045 > £AF 15 PR L 1044 - M EFHSE
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BiEF 22 2 TR H M2 (58] 0 1T b %38 NIRS 5 100 45 » & s
% LDF 3 600 ) «

MO M1 M2

! |
NIRS LDF FiwiE g NIRS LDF
100(sec) 600(sec) 600(sec) 100(sec) 600(sec)

Stepl # & Step2 # Step3 ZEéh Stepd # %%
10(sec) D 10(sec) D 10(sec) D 10(sec)

FAPESH —RLE A0 F
A 15K MEFEA 1) 54

B 3.2:% Xtz Bl b FH

32 MEL A

321 ¥iTha
Mo F AR S ()] AR LS B4 8 USB @4

FERREE )V N6 AR R T PR S PR S
WBLARA] ~ PR Ml A% L LB LN F NIDAQ #: iF(4)
44 DIDAQ #% B 4odcdy © #-45F & (Handle)d » ™ B Ff B @l 42 5
P T i 1~3 & W) % & 5 < 7 B~ High power LDF1 ~ Low power
LDF2 (5) * % Bk erP~ 447 & 4 1024Hz » B~ P 5 10 A 45(6) % 14
AT AR EE TR G 2 S AL R AR 0 A B 5 .mat 42 .rec

Bl e o

32



( #HNIDAQ }:

v

(3RBR
(2)BR A B
Q)RR FE
@B
(S)F A E#

NIDAQA %
B 4 3EAE?

AmEAtEaE
rereyeh ( HE

i 32K

AT H R X EREELR
Matlab

ﬁﬁ{ﬁ:ﬁ’ﬁﬂ N HEIMER
EHEELEE Datai$} X, 4
#¥ 4% . fi (handle) (.mat .rec)

Bl 3.3 M ELFEP~ AL AR B

1000 2000 3000 4000 5000 6000

Start Clear

{rey PTE S 108.14589 PTiE A 1426

B nioag C=RERE
fH B4 BRENARE
& %\Héﬁ%’lﬂﬁ R E M £
1 T T Running time /Query——
- A L J L ‘JL/ ) ’7 5 second ‘
0 ?‘\V Y ..r’ﬁ‘_,.-w"‘-J !‘k‘m » s k M«w s . ’Mﬂ o ";\“ n
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100 = e
50 %ﬂﬂ/ﬂhj%w MLF N M ,N’"mk W \1 M,J‘IL 1
U
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AR B PERRP X R 2 LDF s i £ 350 5ot ECG U 5L id i
NIDAQ card USB-6221 #ciz it 4k F -z 5LigiE 1 & % § £
T EEF 0 £d Matlab 34 17 3088 R BL ey it e A R R W
0.1Hz % 7]-40dB > 1if 55Hz "% I -40dB - ¥ %3+ 5 & & 45w B
FEHEEPHEFHATFASTRRATE Y » BFHERII R A

8 BB BT £ ATE R B (s 10— AR BEPF T RS m B
ﬁﬁﬁ@%nﬁﬁﬂﬁﬁ&%wWﬁwﬁﬁéﬁimgﬁﬁgﬁgi
32;% & > Mean microcirculatory blood flow (MMBF) & £ T 55 ji it 85 ~
Pulsatile microcirculatory blood flow (PMBF) i £ "% & n ;i3 511 £

Pulsatile Percentage (PP) i% % x. jin %% #5230 B it 3

( maamrx )

Y
BRIERE
# i#:0.1Hz~40dB
1 i@ :55Hz~-40dB

Y

YT id
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HFECER
REALE?
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'

IR AR R B - 0 BOUIR EAT R - BRI AR e T3
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B 3.7:(C) s jm s A% & A Bl (d) s it 25T 39 )

Tz ?h NIRS 2R s i 7 § £ RI L8 Oxysoft gt %
Tcf ~ #57% ~ &5 2 4 17 PortaMon #1 B 4 1 Artinis F R I
FAEFE B Y el BRF e R R {oR

% i 5ut A 45 8- Statistics 2 Microsoft Excel » #3% 2 # ;\ i BE &
Edsa 18 end 35 4 1B s Sl LDF &2 TSI 3 s 4742 it > St
SEBOTHER R A 2 kA T t-test F p<005pF > L EF
232 5 p<001pF > 25 REFLRE(CY) % p <0001p - % i&
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3.23 A

AF FHrik ek 5 MathWorks = @ #t B % ¢ MATLAB
R2012b 5% & k& 7 A2V 5 ] o ARV Sl Az s 1T BB
Z(Lkcd> NIDAQ i #:4(2) 3 %iﬂi%] » 2k %(3)4 %@ LDF 5L A5 2 &
FRBE@)E T R xG) s ¢ 152 KT E (6)F M ki (7)
PROSEMIEF 2 5 E R LR ey Ak (8) B EFE 2 LDF BT 359(9)
iR SR -

(1) £xd> NIDAQ i 3224

& 2 - AT 4255 NIDAQ il 3 3USL B H Y »  vs e
NIDAQ_OpeningFen pf/fh 18 Redg 35 4e I GUI /1 & > #75 iy
W il i varargin @ £ % NIDAQ_OpeningFcn o

5 function varargout = NIDAQ{ varargzin)

6 — gul_Sfingleton = 1;

T - gul_State = struct{ 'gul Mame', nfilename, ...

8 'znl_Bingleton', gul_Singleton, ...

o "gul OpeningFon', @NIDAD OpeningFon,

10 ‘gnl_OutpuntFocn', @NIDAD OutputFcon, ...
11 ‘gul_LawoutFon', [1 . ...

12 "gul_Callback', [13;

Bl 3.8: 4% ;% 75 —i¢t & NIDAQ

(2) ;Hﬁi%] » 3K T

7_% DAQ éi%l ~ 8L % Devl > ch_num % % LDF B & > 3% 2%
:‘E'J—*ﬂf e fname~ 2% g § P duration ¥ P~k 4 & smaple rate - #c o

2
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g9 — al=analoginput] 'nidag’', 'Devl");
a0 — ch=geti{handles . edi1t3, "Strins " 3;
o1 — ch_rmm=5t t2voml chi-1;
az — frnname = getfihandles . editd, "Strin="1;
a9 — dunr = geti{ihandles .editl, "S+tcinm=" 2
100 — daoration = s+t c2vmmd duard:
101 — sr = getfhandles .ed1t2, "Etrin=" 2 ;
102 — csample_rxate = sty2rnamiso);
B NIDAQ . JR— |
3 fn_n.g.\‘ %%}E
J& 2 4H S5 2R B £ 8
r ~Running time /Query——
05 second
207 o 02 03 04 o5 o5 o7 03 ) 1 Sample Rate
Hz
05
—Channels
0 1 Il Il 1 1 1 1 1 Il J
0 01 02 03 04 05 06 07 08 09 1 ‘
Start ‘ Clear ‘
/ —Fname
test

B 3.9:42.5% 48 —3U 5L Sl > 3

Sete

(3) i %l LDF 5L 8252 &8 i £

~GUI i w

FP-2 2 AUGLLE > %ARY g g WA R 2 ECG R 5()
2] LDFJL/”L%%{(;.) GEAF IR IR CTE 20 F WA E
L RIR S R R ST 7T - R R R £
B2 ZEL o
Deleticn of bad __ L= | | |

Hows many second to delete
Hl
Howw many second to delete
o

from beginning#

from end?

(]l

| | Cancel

37



=0 x |
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1 T T T T —Running time /Query—

200 second

- ; ! — Sample Rate

200 T T T T T
1024 Hz
100 B
—Channels
0 L L L 1
0 0.5 1 15 2 25 3

—Fname———————

fReh PTAE R 110.3¢RA0 PTE R 237 —_

@) 3.10:*7 ;& 1 B2 LDF(E) ~ ECG(/z)

(4) &% Rbedn &

2 R A mat A § e & BIRUEL(ECC) ~ i iU 5L(LDF) ~ i i e

(ch_num) % B~ 48 & (sample rate) 5 = xxx_rawData.mat -

150 — MatDataFileName=sprint f{ '%s_rawData . mat', fname);
151 - save(MatDataFileName, 'ECG', 'LDF', 'ch_num', 'sample_rate');

Bl 311 42N -kt s B dedh

5 0.7 ;5 FH & % v B

e
M
¢

o

¥
—
o]
=
=
=
o

UBRRWP 5 13 ¥ 7 #F 2 B~ w5 5 1.2 o LDF w ji i 5L-4
= m P {4 = BT 350E front 1/3 average ~ middle 1/3 average ~ last 1/3

average # fie = B I EL o

25 — taotal_polnt=lengthi{ ECGE) ;
26 — partiallensth=floosr{ total_polintsf3y;

38



B 3.12: 42 75 -LDF = & T 320 3 5L

(6) B M gk

i gk B2 gid 50Hz % -6dB - 55Hz % -40dB 0 § i jm it B
#2154 1Hz % -6dB > 0.1Hz % -40dB -

4] - wp=50/{ sample_ratef2); 51 - wp=1/{sample_rates2);
4z - wi=55/{sample_ratefd); H|= ws=0.1/(sample_ratefd);
43 - [N, Wn]=cheblord({wp,ws, -6, -400;] | 53 - [N, Wn]=cheblord{wp,ws, -6, -403;

Bl 3.13: 4% kﬁ%_rﬁ "ﬁﬁda/ﬁ»gg

(TS HHEF 2 B F R A E A7t

FHV A MRS o T NHE P RET R R F TR
JE B R 2 G B s B IR S % - ok e
TIF ST I AR RUGTTEEL Y SUU RS

1 functlion out={indRRpeak(ECG, 1, fh)
2 - [m twp]=max({ECG 1-1024%1 .53,
8|= out( l)=tmp;
4 — peakValue( 1 i=n;
Bl 314: B R o EFEFH RA -7k

(8) w ptéFiE &2 LDF 2551 35
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Yo B B e BRSO A5 A46% 04 B > high_point 5 % 3F s B ik
Bk 2hdic o low_point 5 7 3 ik 8 B2 2Rl 0 count G geddt Ak
fic o Bfs LDF T35 25 5w préniE cnF AL % o

94 — pa=0.06&;

a5 — high point=cell{EE med*{ l+pal’;

a5 — low point=floocs(BE_med*{1-pal);
B 3.15: 42 7\ 5% — o BRI i iE

(D B3t

s A% 58 LDFE_SignalAnalyzer(sample rate - ch_num > ECG >
LDF) &) 42 3¢ & 47 14 » #-4 18208 35 = xxx_filteredData.mat £.rec & f&
R

159 — MatDataFileMame=sprintf({ '%s filteredData.mat', frname);
160 — save(MatDataFilleName, '4nalveeResult '),

161 — gnldataihObject, handles);

162 savefname=[ fname ' . rec'];

B 3.16: 2N -t rpA S

z (MMBF~PMBF £ PP)= 38 & /it %
CE R BRI MO & M2 A B R T dan G Sk
MMBF( 358 +5 % 3%) 4 4] 2 34.8 + 18.1 perfusion units (PU) ~ 28.3
+13.7 PU o #%# i ;i 58 PMBF 5 5.9£4.1 PU ~ 5.4£2.7 PU © & /7%
Boiigt 5 PP S 0.18£0.06 ~ 0.17+0.04 - i& * i 5 F S0 C Bhen
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2 RITRME P R g 0 ERIFE L 1004 0 % - 3
(le4 )R 4w f A BRISLRIF O REE o 1 5 B
o T BH (L0 T o AT AR BARAE) Y RL 2 A4
FAEFIARLFER L REE R FRELELREE R
T BRI S 24408~ % = ) BiE B = 18R] (Pose-Exercise:PE) -
PlEEF - ZBIE o M EA - R

Ed

L EAF BRI & 100 #)158 %P ko -t b At e 3 B REEL AR
X >
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Stepl l
BL PEFR Sm0?2
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sl )
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ﬁﬁ &R (1 1)
l [ # B (2min)+ & B |
P B A FE HHEER
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FRES:
Moxy FLR B RE A
EARARMN

B 4.4: = mve(a) 2RI o7 & Bl(h) £ RIF0 =7 & B

42 A5 ik
421 B3I AH

ARG FRAYE LS FEER S A T Sl L AR
3 438 F g & o0 i %R R it 4 49 @i 48 -Statistics 2 Microsoft
Excel » 4 45 BAAT R Ed e B HRe(d * FHEA)A 0 F3 7
W TEABE TR A T O S R R ST R R Y A
Brgeh tiR€ 3§ FW2L R A AP Jyd test X et
FEFE LIS RR(P=a) ¥ p<005p > 2 8F 1 8 (*)> ¥ p<0.01
PFo 53 REFLBR(C) § p<0001pF > SRR EF LB ()
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422 R*2BFHER

7 4188 s R e AT R

£l 4 #H(N=17)
P i

i # e (N=9) it P& 2 (N=8)
% %% % (cm) 155.4+8.3 158.9+8.2 0.425
£+ % £ (kg) 56.7+8.3 58.0+7.6 0.736
BMI+4E & ¥ (kg/m?) 23.4+2.0 23.0£2.2 0.681
& $4+1E 08 1 (age) 79.8+7.3 76.8+7.6 0.418

F 4238w PR e P 2 TR (0

% iRl % #(N=17)

P&

Fe 2 (N=9) | /& = (N=8)

Yo R AR £ (Mm/HG) | 128.4+20.4 125.1421.5 | 0.641

436 R +1E 8 X (Mm/Hg) 67.1+16.6 68.3+14.6 0.825
o e X (times/min) 72.2+13.1 74.6+11.6 0.565
ey 2R L (L/s) 262.8+116.4 211.9+89.6 0.326
PR RR R L AT AR AR B E R e

ROREAT ST G L BRLI MGG R LR
Bt T GG 23 3 AN aAp i1k A SRR T

FHREFDELP LB P ERATRAFLIHRE(R 4.1
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B 4.8: = FALFEE B (week 0) 15 (week 7)

7 % PE-BLSmO2 #p £ &
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