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ABSTRACT

The goal of this study is to measure the diffuse reflectance spectrum (DRS) of the
neck tissue of the subject non-invasively, with the Monte Carlo algorithm and neural
network to quantify the Changes in blood oxygen saturation in the internal jugular vein
V).

On the measurement system, an LED light source with a wavelength range of 550 ~
1100 (nm) and a center wavelength of 700 nm is used, and a self-made detection fiber
bundle is used to measure the human body. Ultrasound imaging is used to aid in the
creation of tissue models of Monte Carlo, so that it can be closer to the real tissue structure
and obtain more accurate simulation data. The large number of simulated spectra needed
to train the neural network is accelerated by white Monte Carlo and perturbed Monte
Carlo. To establish a predictive model capable of analyzing and quantifying changes in
internal jugular vein oxygen saturation.

The model established in this study can predict the changes in the oxygen saturation
of the internal jugular vein with an error of less than 4%, but the prediction model will be
affected by other superficial tissues. This problem can be improved by adding a detection
fiber with a shorter channel. In the in vivo experiment, hyperventilation was used to
modulate the blood oxygen saturation of the subjects, and the prediction model was used
to analyze the results. to predict unknown physiological parameters (AS;;vO2) of living

tissue.

Keywords: Diffuse Reflectance Spectrum, Internal Jugular Vein, Oxygen Saturation,
Monte Carlo Algorithm, Perturbed Monte Carlo, Artificial neural network
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7
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5

AR A T o %4 W w § 4o R A 17 R (Pulse Oximetry) 1 15 R 32
(%34 1.1) & PRI LTS T 0 LB “'1—,5’;5 I A

231 FE 4 R

% # + B 7 5 2 (Monte Carlo algorithm) & - AR * B L agWF 82 > £
BRSSP R G B R R o ok 1040 £ K LS
#John von Neumann % 7 > % Stanislaw Ulam - Nicholas Metropolis % % % 7 i&
FaPF ABFTIM DL AR FHEERPF BEY S R P
[18] = fi s » SEF T Hapt B it 4 cnde 2 > P PRAARR ZE % ST h 303F § AR
dofp T8 B f F 2B $ﬁ¢‘3‘.lk'§ . 4#%?3 ° 19884}-%;1 AR ATk S AR
FeA R B BR B[19] 0 2 6 [ Ebrg B F A e kP kS B
Al e N

R E AT o B EAED R IIpRFTeS > A XFEATLEE
TR B ATEE s R T s LB E T ER o Rtk B aamal > WUt E kS e
EHAREE OB T AT St WP AN P kISR TR ES
L rhE MR > BF IR SR IE AR B RS O MR RERR
(T A 0 BfS if F OEEHE > 4 )I‘ e §_k R 8 g B iR (Source Detector Separation,
SDS) & &3 R R o R B > B FREDE R DS ik
Be(pa) ® A8 G dic(pg) e 58 - ;ﬁd A BB L F AR B0 EHRHE 0 K
k& ik d ohf7 5 o

yoeboood *v?..‘sﬁf%‘« REEE R SR B F A S ERITEDS i §
" 478+ 4p 3 Bic(scattering phase function)i:- T kiAh- T H HE & B L 0 ¥ Lehi
Henyey-Greenstein phase function[20] (Eq 2.1)

9
2(1—g%?—2gcosh )3/2

kR e o & kS g RS RS £ £ (weight, T=1) 0 F kS

Pyc(cosf) =1 — Eq 2.1

B A - R R T EIHE E  PE RS AR R
e F LT Ea R o A FlRTEE (T-AW)SE (5 § e
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Initialize photon
(Weight, Position)

A 4

Generate &
Calculate Step size

\ 4

[ Move Photon ]

Photon Still
in Tissue ?

Transmit or reflect

Update position &
Direction

v

Due to absorption

Photon out
of Tissue ?

Reduce photon

Photon Weight
too small ?

Be collected
by detector?

Reduce photon weight & w
Reflectance collected by

detector

Fig.2-3 % + Bif 52 /542 H)

10
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2.3.2 White Monte Carlo

EEIRS & 5w MR R 2 E (Graphics Processing Unit, GPU)iE 7
THERER RO R BHGR > LIRS R R R R Rk
FERSEDERF o F o ",4rf TR R edeig 2t 0 PR RF S Auid i07 R BT IR
Mo P H PURREF- AFWMIBEFFRELIRIEEL BFE T R amftik
B 7 EF AR S 9 %+ + B2 (White Monte Carlo, WMC)[21]ﬁ* 50k
T A AL $& 00 o 1395 microscopic Beer-Lambert law[22] » & + (78522 & 7 €
R PG GBI 0 T ARG T Bt RBGK 5 00 2R - ) PRI

Y
I

9]

W = exp (— fr Ma(f)d€> Eq23

HPTAHEF 2IMBITE &5 F - P EBIEE g (§) 5 3% £ P et e

BHEEA T FREF I R L TSt RIERTETE e R 7 TR
- X EvE e B RFEFELTL TR FD A RS TEIRT ko FY s A
% 7 $#* White Monte Carlo ;& & ;2 & 4vif e (7 o
2.3.3  Perturbed Monte Carlo

Perturbed Monte Carlo (pMC) & & ;2 7 * k3gip| A Lk M2 4 B {4
WEL o kALY aopic] 1 L2 5 4 5 (Perturbations) o F]pt 0§ kB¢ 3 B pE
Fer rodfd pMC i i3 R 3 f SRR AL A 3 R R D
ik =g %ﬁﬁb KA 4o 2 o eI 3E 0 N % B {7 - =t background Kk i erfiEg o I B~
@I E g ahET M TE Ja;fgd PE S NEERY - R T A d T RA
EAEH T AL ARG I RS R uEAR o

%‘ﬁ@ Perturbed Monte Carlo (pMC) k3 & 4 sifEg#{dchk 3 € » ¥ Il 4
W@ g dk o B F 87— = background i A& eficHR o P~ {8 2 perturbed region(Fig. 2-4)
P k3 it £ (path length of photon) 2 #z &=t #cié » ¥ 45 Eq 2.4 [23]3 &

11
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perturbed A it T k3 fEE o

NN TN
W = W - (‘HS/‘ut) (&) e_(ﬁt_ﬂt)s Eq 2,4
Us/te) \Ue

H ¢ Wi perturbed {8 1758 + £ >w % background k3 HEE i, [l & perturbed
region ¥ sk B 280y, ~ ug » background eh4%#c > j 5 perturbed region £k &

55+ B 0 S & perturbed region P ek F BT E o

Source Source
l Detectors l Detectors

Ha; Hs; 9 @

lja’ /-73: g perturbed region

Background Perturbed

Fig. 2-4 Perturbed Monte Carlo #£ 4 B][24]

BAFLY o d T RBE PN R DA D] BT B Y
BRPFE T REe IR AAY CEFF > Fpt @ pMC 073 34 Bedo s g oy
B F L2 B ih% B T &K 5 perturbed region #5 F i (7 pMC a3t B o i d gt iFE
WE U E R T B gL S ] FVE e R %ﬁd PEAARERY - FET K
FHEE i Ea EPFEEERFF P o

24 MM ERE
241 X AR

I A & 4 B (Artificial Neural Network, ANN) & 3L £ # & & B 2 ALE * e
1 E[25]0 5 # B4 ¥ (machine learning, ML) §= & - fa$Ljie[26] » H X3 8
AR P S gl 5 & codd (2~ (Neuron) 3 it g @ ) = 4 ¢
,,,, G I @‘] » ¥3 %] DR 2R T BRI S 0 B AL A SRR L iR AR

12
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3o BV RANN S HE D RFAAP o R ErF R 2 - T A HRAVRT
FB T AL G TER] o 4ot R F|EE A 4 S Bt e g % P he ANN ©
»é,_g’; 5 ,gi?_‘w}; = ﬁj}'@’}f , @.]gpéyggiﬁj N g ﬁf:exf‘@gﬁ o

"y PP P

(2) (b)

meuron cell body
synapse /

axon of \ nuicleus Hidden nodes layer
previous axon Input nodes layer
neston Il body .
neuron cel == Ingaut %1 Output nodes layer
/ . "\ % : Output y1
N N\ ' 208
'y fips  mext meuron Input x2 £ y . .
Cutout y2
symipse electrical noul x3 ' v 0 ------- *
signal . £ BeCuron ul

dendrites

Neuron in our brain.

‘ Neural Network develop using A.l. ‘

Fig.2-5 (a) * %~ a5~ (b) ANN 4 5457 2 B[27]

Input Hidden Hidden Output
Layer Layerl Layer2 Layer

Fig. 2-6 ANN 7 7 & Bl

4 Fig. 2-6 > ANN £.d 7 & ~ % BA i~ (neuron)? T2 = o i ¥ & - BA g~
§aRgct BA gt o kB i E (weight)fs > # 4e b i 4 & (bias) 0 175
A mﬁ%l d1(Eq2.5) °

y=wx+b Eq2.5

R o WA aiE LG 2xeng 4 7}5,3:‘&5”@?] Ao e S TR mﬁa?] » Z ﬁa?] 4
B erBd TR AT FE PR > R W B2 R L R T R Lz £ ad g A
Pl

\>

4z

2o Ao~ — 1B 2RSS o o A TE OB S Bic(activation function)

P-4

y=oc(wx +b) Eq2.6
¥ Rerpol Skt ReLU-tanh $[28]- & ehds (o4 2950 # Lng A L8
13
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¥ (supervised learning) % # # ¢ F & & e MEHL - ;z?n‘ic‘ & %‘jg?l » e e —‘]grs
FREROTALE Koo Y RPERE R DR TR X TR R
ﬂﬁ%] ME > AR SRR R EL o L LR BT andf & S fic(loss
function) °
242 FA BEPRET R

B ANN chif Az ® £ 8 $8(Eq 2.5 ¥ Ghw e b)) 873 AL L AT o F]
€ 3k T - ®4F £ 3 H(loss function) k3= 1‘3“:’1']@?] MR R B F SRS Y E
B4 UATE - BA GRS E T IEVSEAY A Sl kKo o
P )’j‘-%{f% ANN ey &k R EFAEY F o K3 ¢ i 4 3l ANN <
IR AT ER S FIHA G H SR A Sl RERAAFDRE AP RS
FEF - F R A - BRI RRBCAFE R DS o P gk
fo- R H P o BBEAR Y P E L FE 2 S PR T "2 (gradient descent)[29] -

Ai+1 = a; — YVL(a;) Eq2.7

Bl qadGAb® i g ApEohdd L4 oy - 4 {378 R on¥
B 5 B Y ¥ (learningrate) o 35 i etk e AT F MR R - X AT
FHNFUL AT A Sl e e LAT 0 L d WL ATEP R R R
B a g ehi > Bl SR § iR e R AP R S A
FER A A SBFE P d e c FEY F(Y)E S > ERFE{ATTIFE A gAY
LSt A e B Rt B AR TR o SR B e B BRI BicpE e el
4 5 (chainrule) L 42 5 & - Fpot {475 - BAl S~z Sl SRR TTT v B

TR
7 }‘iﬁTF

#f.(back propagation) °

dORR R PR T HRT R - BIUIRAE R A S T
R R L L LR RN RS R SRy
B E B H Y E e BiEs i L ATE S & B OANN EiE DU A jn ey
4 Jffche = 3593 £ (Root mean square error, RMSE) ~ 2 < % (cross entropy) % 45+ fic
modm = f i ANN 78 R A g R R AT el
FIUrE & R S0l pA ﬁ‘x[&@]% ﬁa«lﬂii EHFIEEF  BEIuFY
Pl E/HL B EF Y FE 2 hd ARG hp eho

14
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Chapter3 &3 i1 L33
31 sk ER A

FEEAEFERDTE > 02 KA 900nm 1 F Ak RSB F A i S a4
E RN FEL > F S A Y g5 600nm - 900 nm 3Tk vk Sk G IR A 2 (G
ho A )R ERT Y o AP R S RFORIEAHT 22 - BTk
Rk s T BI(Fig. 3-1) 5 & stz 4R LB 1% - FEEE A MR 0 R
oA kiR 2 fplss o T & (Table. 3-1)5 A 5ud 90 % i & A A5 o

Spectrometer
LED light
source h
R Subject’s neck
filter # ! i

Fig. 3-1 £k %7 LW

Table. 3-1 iR A

Y B F
T oSk ¥ & (Current driver) LEDD1B-T-Cube LED Driver /Thorlabs
LED sk /& (LED light source) LUXEON IR ONYX / Lumileds

High Performance Long pass Filter - OD =4/
Jg & & (Filter)

Edmund Optics
# 4% (Prism) PS910/ Thorlabs
-k 4 (Fiber) FGO50LGA/ Thorlabs
He A & ¥ ik (Spectrometer) QEPRO /Ocean Optics

3.1.1 kiR

kipxd o A &% 4 0 LED (LUXEON IR ONYX, Lumileds): £i& - i
15
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£ B 5 550 ~ 1100 (nm) > ¥ =t £ 700 nm > FFFAE A 5 AR o IFAATRE T
sneniEil o ¥ 7% * Thorlabs e5 LEDD1B-T-Cube LED Driver i % LED g it i &
® oo ST i o @ d LED FIRRE ¢ A k0 A LR R RS
KiRag B A fEFA) 0 57 M- LED RRE TS - 7 2 AR A MA K A5 28
B 3D FlErint 5N k- B4 enisf oh B (Housing) » M 5 R
(Polylactic Acid, PLA) » - &R il ™ w2 $ FF 142 b bl (de £ ek & 50
Pofedp®) § 555 £ 24P E R ¥4 LED &2 - B 2mm B ik
& (Filter)(High Performance Longpass Filter > OD = 4, Edmund Optics) # z_ %2 ¢ >
BEA T 3 g dFER o B Y 2 2.8X2.8X12 (cm3)shE 2 A58 F £ F
9% 845(Q) e 4Rk B L ehp mwng,g 550nm 12T ek o g F K K
SRR ERR o AP =% T %4 Fig. 3-2(b) 0 Jak ¥ ¢ =3% LED %k
BRI ;/,gﬂ,ért ;‘/,g',ért #E 550 nm 12T sk o

KB R AR 2 5 A e o 2w G B gk P eht F (Fig. 3-3a)8 7
F_ LED ¢hT 45 (Fig. 3-3b)e 4% 2150 %R % 4844 ¢ 4 % 41> ¢ 87 (Fig. 3-4)
FRERTARNEE A EFE R RN EPRFRFRE RS BA R LG &G
SRR E30~35Co 2 g F AGRRIE S

(2) (b)

Filter
- 4

.0

LED

Fig. 3-2 (a)% ik *h 3 A B] > (b) iR #F 24 & BI(RIAL B])

16
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(b)

Fig. 3-3 LED % Ris 4 ¢ & (a4 4t filter 1t 4%, b. F L LED 1T 4x)

17
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No filter

200 300 400 500 600 700 BOD 900 1000 1100

-100
wavelength
(a)
with filter
6
50
30
1000 /
200 300 400 500 600 700 8 100 11

Wavelength

(b)

Fig.3-5 khrzikF (a. & filter, b. 4v % filter)

4 Fig.3-5° p &g ¥ 'ﬁ 4o K filter 7 {2 e A o Jrd gt l KT S A KL
2 filter £ 3 EFFFH rx %k > T ¥ F AIREE B R R pAE R 1S B Rk
25 o
3.1.2 1 iplh

B 18 Pz e A > d 3> QEPRO sk 3 % 18 gt B % (image sensor) < -] % 1.392
(mm) x 24.576 (mm) > 3% & 5 1.392 (mm) x 0.2 (mm) » F]pt ] * 7 iF L gk %
NA=0.22) & - 42 2 kg § > * 7»#%—‘13:_9_?%\%‘\ R F BE > E Tk g E T
(cladding diameter) = 220 um > k% NA & 5 022 7 5 »gp 2 kg L hE £
X F EAREE S ek o P T 2 Fig 3-60 A A M Bk RS LA
UK AR - PERGRRE i o A e R AR LS fER FRE o KR
Wy RFRAPGREPIBERT S w2 4y(AR)D3 m o @ KRR w2 £

B oo F]pt o 7 FTk A AR MR o
18
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¥k kg kb€ - KA AT (Teflon)® ¢ Wl e s P & » Az s 034
FFEML PR H > TRDBAAEIR - § kR A A e - HHPSI0,
Thorlabs)3 &+ EELEH [ 5 35 » 1UEAET - % 6 BRI F N B
Bkt~ BT 90T R B~ kE 0 4o Fig. 3-7 A1 o X KSR T kR L D2
¢ eha 3D FlEr et N iE S BB A RFEA(PLA) c BRI RS - 14 X
12X 05(cm)hE 22563 > £ 8595 0.85(g) > B & 4r Fig. 3-8 #7177 o k4 § #
BEEF bk B~ ) k3 % (QEPRO, Ocean Optics) @ 2 R 5k & 5 (S7031-
10068, HAMAMATSU) it - f A % 1 ek & T U8R rodiein ™ 3V 3 - B

{53516 USB ® fi % 3% 9 1 T 65 -

.

|
)
: Fiber
|
|

Ll
—1 Acrylic sheet

(a) End face (Spectrometer side) (b) Human body

Fig. 3-6 %8 d #5774 F > ()% 3 % > (b) 4 R 1 5p]=4

Prism

Housing

<.

Fig.3-7 ¥ W Rz %47 & BI(RIAR)
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313 iikix >t

rp st A KR o B F BRER Y 1Tt kR E(700 ~ 910 nm) g Sk
ZRRE R o 1345 3 R R RRE ¢ American National Standards Institute (ANSI) 1
RGBT A R PR 2R g (Safe Use of Lasers ANSI Z136.1-2007) » #+3* £
fn st B ehko < 7 3F Rk # (Maximum Permeable Exposure, MPE)4c™ & (PR &4t e
#2595 02cm?)

£ 700 nm 3 900 nm 2. BF (GE F &5k3 ) o ANSI 4] 2 MPE % 200 x
1000023700 (mW/cm?) (Fig. 3-9)  m & & 700 nm 3 &] » MPE = 200 mW/cm? » & 3}
G2 R G AR 2 REFFHE A0mW o

i 1000
900 -
800
700
600 -
500 1
400

300 [

Maximum permissible exposure (mW./cm

200 . . . : :
650 700 750 800 850 900 950 1000 1050 1100

wavelength

Fig. 3-9 7’ ¢ %4 £ 2 MPE #[30]
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BB AR it bk L 7.5 mW o iE 113 ANST a2 K o<

FEBAR AL F F@0MW) 0 2 AR £ K PRRGRERY o PR £ R

ok RLIEMARRE L G ErAn BB EERG Ee g2 pE
b

BF SRR FEFRFEZARILENE -V RP c TR A E XS
b A 0 R B AR R A R R Sl BN R kS bk
LRIEUEE R LN SEEE SR R S SRR
R AR F Bk o

T B LA AR R Rk S Sl B SRRy £ 110
FEARFE 2R AL LI L ERDTIPIEY B> AP LRI - 2
FofkFaiite LAY P AR R Y RIS ABE L F AR TR L T
*HKPVRT FER DV 5 ¥ Aok o SRR o

hARFET Y Y - BAR LR T B B EZ —Monte Carlo Extreme(MCX)[31]
# - % voxel-based e% & + B H I L o n T K¢ 2 AR LR 2 R
| E Ao K Lo
321 kiR

S8

bk iR AR ZE 0 kT P AR A BRI SR * i LED % R (LUXEON
IR ONYX, Lumileds)§ % = <t ¢t » 7= %3 H datasheet * 3%k 3+ kg 6 2o 3% % o5\ »
R REHCE kR AT NSRRI RERN L T E R R R -

R OFETRT LR RS T RERpE A FI R R RREL o AP
40 3 LED % Rhensg B A F o ¥ B R Reni B A F ot o 3p 3 LED %R
B A e 4o % LED holder B 4% pL¥43t v S+ > #50F LED BB &3 A J§ chif
B 4o BI(Fig. 3-10)c I 1 % (=309 15 2 dup i Fk ks B A 0 ¥ 2 MCX

O o
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LED

Fig. 3-10 % k3 & 4p %7 X B

AL M LED %D I FWFROBHBAE - # Y PSR FpEL
Fib R A o BEL A %R (Fig 3-11)% MCX Kot (Fig 3-12)5 & A f
(intensity profile) &_F 4p % -

-365

recogized illuminated area,
284 diameter=5mm

X  center
-203

-122

- 0.8
41
41 - 0.6

122

203

284

365

€9¢
¥8C-
£0¢
i
I
8%
(44
€0¢
¥8¢C
co¢

Fig. 3-11 LED ks & 4~ 7 B
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1.0
recogized illuminated area,

diameter=5mm 0.9
X  center
0.8
- 0.7
- 0.6

Fig. 3-12 MCX 4t % R & A B

H 5% 4o Fig. 3-13 #77 'LED R R E LML R A T X R4 o 7 UIP >

—e— Experiment - R channel
—eo— MCX

1.0 1

0.8 1

0.6 1

0.4 4

Average gray value over the same radial distance

T T
0.0 0.5 1.0 1.5 2.0 2.5
Radial distance from center [mm]

Fig. 3-13 % R5 & A F 1 R

BasiAlauE 2 b 50 LRHTE R DA MER § L dp iR S X R o
23

doi:10.6342/NTU202204054



IR AR e BF > A REN DV E AL 2 &) pFenf f(Fig. 3-14)i8 {7 e
o Hep LIV E R 0% (CCA) Ak B~ ) % 0 a2 2 3 MCX e 5 i3
(Fig. 3-15) » » 387 {8 § enficst -

ek d 3 MCX ehle sk 03] £o-e 802 2 = g ehvoxels “r3tdpa 3 Fpt &

B B s B3 2t £ (Fig. 3-14)50% 5 1 8.3 o

(a) (b)
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Subcutaneous adipose

0 20 40 60 80 100

(2)

Subcutaneous adipose
0 20 40 60 80 100

(b)

Fig. 3-15 MCX %"“ﬁ‘\«ﬁfl(aUV"p‘!b_ﬁx B‘j;'bIJV”F‘!L—._ /] BF)
A RA SRR E S EVRTH  FUBRSFE SRR LAET 2D
PERY > Tt AR ¢ R 3 5 F Biw B 2 (Perturbed Monte Carlo)) % 4 i# j&
Bk MR F R+ Rt wmRIET 44 5 - F - F]52(7 Perturbed Monte
Carlo #3+ 5 P 2 L % _% — & perturbed region(Fig. 2-4) » F]pt #- 1 & & & 3] (Fig.
3-15)# 2 & » & & 4o Fig. 3-16 #777 mﬂ%\ A o
0
10 y Perturbed region
20
30

40

50

Fig. 3-16 Perturbed Monte Carlo = % -3
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% Fig. 3-16 «7#°3] ¥ » & 7 - 1 perturbed region > 3% 4= B { £ IV | ¢ j= &

S B L2 B eni o B perturbed region Pk F e it E d v (background)d

% % 5k (perturbed) » r2pt 2 E I RBFR DV A IS RS FAL DT o 5
d bk o BRF N HE E e S H 3 (Fig 3-16)& ik 0 T KT e

Perturbed Monte Carlo i& & #7 3 th & f6 - 8(Eq2.4) » F]ot » 7 2 R 7 - =X fike >
KBE A (S F D ) B )T RS R T & Y PR ok o

3.3 IERIHCA

3.3.1 ;J"‘ﬁ«?#i
A2 PUIGERIBEA 2 3 RT AL 0 S Y 5 v RR[32-44] 0 IR X R LK

CHOLF AT R :&)ﬁwﬁcﬁ:ﬁﬂ EE Mx%fﬂp\ F3 kg

¥ & A A7 % #ic(Scattering coefficient, pg)% T % Hic(Absorption coefficient, p,)=

Fao MY P T T AT T dicde [Fl4e Table. 3-2 0 &z T dicde [fl 4 Table. 3-3

Table. 3-2. LR T AT Tk R

Wavelength
730 nm 760 nm 780 nm 810 nm 850 nm
Tissue pi (mm)
Skin[32-3¢] 11.73 ~37.45 | 10.63 ~36.40 | 9.98 ~35.74 | 9.09 ~34.80 | 8.08 ~33.63
Subcutaneous adiposel*% 3>
36,41, 44] 11.89 ~22.16 | 11.68 ~21.32 | 11.54~20.76 | 11.44~20.03 | 10.8 ~19.35
Musclel?637- 41,441 3.27~9.01 291 ~8.82 2.71 ~ 8.61 2.41 ~8.31 21~79
Blood!-43] 1.31 ~2.51 1.31~2.5 1.33 ~2.54 1.26 ~2.41 1.25~2.39
26
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Table. 3-3 &k £ T BT e
Wavelength
) 730 nm 760 nm 780 nm 810 nm 850 nm
Tissue p, (mm™1)
Skin[32-3¢] 0.0102~0.2319 | 0.0076 ~0.2128 | 0.0040 ~0.1884 | 0.0018 ~0.1922 | 0.001 ~0.185
Subcutaneous adiposel** 3>
36,41, 441 0.1098 ~0.1213 | 0.1086 ~0.1156 | 0.1078 ~0.118 | 0.1067 ~0.107 | 0.1015~0.107
Musclel3637: 41, 44] 0.0141 ~0.52 | 0.0174 ~0.0524 | 0.0106~0.053 | 0.0048 ~0.054 | 0.0051 ~0.054
Blood!3*-4! 0.071 ~0.138 0.106 ~0.195 | 0.0104~0.1234 | 0.118~0.132 0.124 ~0.158
hon R T ﬂﬁqja%]mﬁrs/; sl AL @}Fﬁea g Rl AL REH Lo u;rt 7

e SRS Rl ,rm\v;gw

H 5 3% F # v (hematocrit, het) § 43¢
BT H413~521% 0 % 14:352~46.7% ° & 7 it iE B i&"i’]i%@i PRiT

A

%

“~

ﬁ#‘ﬁmﬁﬁoﬁ

Z _ﬂ_/&’}’%*\" v 4

% -| (diluted blood) > #]

FAMLERERY

¥ A Mgl o Flt R T A 25N (Eq3.l ~ Eq3.)A3]A FE B R v gy fTRIE e
Ll PNy JEE Ry

Bz thdic 0 B, AT

2]

&

-~

3

Ha het!

[fwater, blood]hct/ = (1 —

2?5 het ~het' 5

.ua,hct

¢ G 9zzk - T A YT iE AR R

v

0.66 = » [40] -

T3 & (rescale) I het ?

hcet’

@}I;L;d

¥ T A5 (Eq3.3) k3t

PR T gz -

wa(1) = 2.303 - [

EHbO, )
64500

100

'502+

FIRSE I

DAL ET ko B2 B

> fwater, plasma +

Bl %k A R4 het 2 B FEis

* Hahct! = *F het T ETH 2 8 R '1/’: féfﬁi ’ [fwater. blood]hct 5 R (’Fy ca

A B

hcet’

het'
= “het (:ua,hct — Ha,H,0 [fblood]hct’) + Ha,H,0 [fwater, blood]hct

waater, RBC

Eq3.1

Eq3.2

shet(® ¥ 4 14 F)

het )ﬂ ’}( rﬁ*ﬁﬁj b (EJ Eq 3.2 T‘T‘F") ’ fwater, plasma;E fwater,RBC Elj é‘ . j]%'fr":_ mFe
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