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Deep Learning & RIS AFNA AR rAXRaE—F#RAW:
FHERI R TLORAR

K BE", #7 F22 BEY E?
'THXI -{§#®. BXIT - BRKREF

AWF7EIE. NIRS (T & % a7 — 2 K QML
AT — % % H v T 4 72 Deep Neural
Network (DNN) AA44E L, i O3 EHERE R
EEBMICRRATLVAT AEHET LI L &
HIYE T2, AFEIL, REERERE ) 27 Ok
WAEET VAL, ZOFRAMEEBLE L,

[1] MMSE (2 X 23850B8RER 7 ) —= 0T
A b

A BF ZE T UX B AT,
Examination (MMSE) 7 A MZ X o CTRREIHERE
T D, 20T A MIRRAIEA 7 ) —= 7
T A b DI DI REIREE & ARSRAIC G T 5 2
CICHERATHDZ ER LN TWA[1], MMSE
Z AT L, 30 MR O T, 24 JLL A R 7R
L. 18 405 23 U E TGRS (MCD)
17 mLLF &2 #BHE (severe cognitive impairment)
ERBLTWD, $db HHREDOH T MMSE 13k
bLEEIL, AP CHERI TV, 722 L,
MMSE (2 L 2 BAMEREAR 7 V) — =2 7T A M T,
T A M ORNEITKT DHRE ORI 2N L
ERIHEE U CHEME SN D NI D B R, R 2 5
T 5. £ LTMMSE A7 24 85 26 m0D
AR 4 2 BBRE D FE e L & MCT &l
D& X BEN RN LR S 2T
o LToh o TARIFFETIEL, MMSE A =27 O
filiz BHEZES L LT, AREROSHITHE RS
MMSE A = 7 H65 < BhRA 7238 FHE RE 2 R T Afh
T 5 HEEEET D,

Mini Mental State

[ 2 JERRA ARSI A7 b &2 2 2 °— (TRS)
I & % il SR A AR F O Pl s

A B DS W T A BIESRIT, ARk
D —> T %W 75 15 (Time Resolved
near-infrared Spectroscopy: LA T TRS) (2 & 2 FHH
FERTHD, TRS 1T, B i ULk &IER S
BRE AT, ZREO~TE 7 m ey (Hb) RE
OHaHEZ FHIT 2 Z & AR TH H[2).

wFGIE IMANEIN R 202 4 (BYERT 4 &
P 115 44, P 73.4+13.0 7%) . MMSE 7 A h %
St L72#% 1S, TNS JHIE 7 v — 7 % il BiEEES
(ZBLIE U ATEEATE OZERFOMRSR(E~T T n e
> (HbO2) I (uM), BigF{E~F 7oy

(HbO) IR (M), FEFREIFIE (SO, & HIT
LIRS DT & Z HHE TONKEER
ZeFHEl L7z,

[ 3] Deep Neural Network {Z & 5 MMSE A =
T DHERE

YN, MMSE 2 227 % HIWZE %5 & LC, #Hll
L7z TNIRS 7 — % £ LD H OFHBIEE %5k
DT, WITKEIT 5 DNN (2L D MMSE A= 7
DHEERE R & MR 5, ARIO AW
iz Nz, 2ch @
TNIRS 7 —# (SO2, HbO. HbO., THb, PLI,
PL2, PL3) Z&OE75 15 DIEE Z A K
& LT\Wb, ZZ T, Photon path lengths (PLs)
IR EA#F L, PLL 1T 760nm HA5k D s K |
PL2 & 800nm DR PL3 (3 830nm #5 i
DONBEREERT, SEMEH L7 DNN OE7 /1%

DNN (I, Fig 1 ®X 512,
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Fig 1. Structure of the deep neural network for the data analysis. Input vectors include age and TRS data on the left and

right PFCs. The output vector is regression to estimate the MMSE score. The hidden layer contains no backward

connections from downstream layers.

H20 712 ¥ =27 h® Deep Learning A 77 1
BI41ZEHLTEE L DO THD, RBilkE
(Hidden layer) X2 J@dH 0, &JEIZ 400 fEHD =
a—nra=y MREEEN TS, ATEhd
AL NS ma—n 2=y MIHTHHE
T (@ =Y0,wix;+b) ZHFT, KOBO==
—nra=y MIXTHHIIf(@ZRD TN D,
Thebb, BEAIIEREOEEEETH Y . A
AT ALY =a—nra=y FOEMHLOR
EAFEEL . ho, BT S iz Adix Ok
LY fla) R E D, AW, ZRIET HT-OIT,
BT — 2 L7220 AMEREHEBENHRD D
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Fig 2. Relationship between MMSE score and age.

[4] MMSE X a7 &£ /37 X —% O
FHBIIHT DR, R OFHs & MMSE 2 =1
7 L OMICAERMEBEBER (=-045, p <0.01)
R bz (Fig2), RIZ, TNIRS IZ L5
fafn & MMSE A 227 & ORI & A 5 72 AH B B4R
(r=0.38, p<0.01) ZF@BDBHNTZ, ZDZ D,
RO FEFFNEE X MMSE 2 22 7 OHEEIC K b
HER 2 arREtEs |, BUF AHBIREICBI 2 %
% Table 1 |27~

Table 1. Comparison of TRS parameters between normal
subjects and subjects with impaired cognitive function.

Normal Impaired
p value
(MMSE = 24) | (MMSE < 24)

Left oxy-Hb 37.23 35.02 p<0.1
deoxy-Hb 17.94 19.22 p <0.05
total-Hb 55.17 54.24
SOz 67.38 64.41 p <0.01
Optical path

P P 19.02 19.38
length (761 nm)
Optical path

P P 19.31 19.51
length (791 nm)
Optical path

P P 17.97 18.14
length (836 nm)

Right oxy-Hb 39.41 35.80 p <001
deoxy-Hb 18.73 19.20
total-Hb 58.15 54.99 p <01
SO2 67.69 64.90 p <0.01
Optical path

P P 19.03 19.00
length (761 nm)
Optical path

P P 19.35 19.93
length (791 nm)
Optical path

P P 18.25 18.79
length (836 nm)




[5] DNNICL2 7 5 2ERE

AR L7 DNN & oo R 72 B 78

E(GFLTH VA PR— R T H—v
)T L DA R L O AT o T2 AE R, Fig3
DX I, MMSE 227 24 Rilios 7 AL
MMSE 227 24 UL D7 5 2D 2 53 IZHB N T
WBIKEE (accuracy) T
RbE, 20L& 202 OV T NT—H T
R LANICEERLATRE, 232, MREERS RO 0 23
W72 < 72 % 51k & LT, Leave-one-out A3 7= RIE &
PNz, DB T8 FEI T D W TTEARR 72N
AN=RTA=ZTERITLTEY BT L
IZE 0D LET 2R a T2, 15 EoRH
EH 6725 TRS OF —H 2T DNN [Ttk
WA LTV D ATREMEAN E VY, A IR L 72
DNN [F&=a—rr 2=y MNIDWNT 50%D R
my 77U MRELIEHIZEHALTHY, WY
NI L 72, 7272 L U TT — A BN
ARISRIBEIZIR BN D AT, 2 o7 —
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Fig 3. Comparison of classification accuracy by leave-one-
out cross-validation (n=202). The DNN was tuned with 400
neurons in two hidden layers and a 50% dropout rate. The
other machine learning algorithms were launched with
basic hyper parameters, i.e.. 500 trees and five variables
tried at each split for the random forest and 0.1 of sigma 1
of cost C and for the SVM with Gaussian kernel function.
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S o7, BiIEiO Table 1 12/ 6
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JEU A7 &Y (Impaired) OFEMH THEBHEIZKE
RAEND D, ZDZ LIXHHER O RHTEE D
PRBEAS ST D720 | BN FEE OFREE (2RI~ 5 W%
B2 5B L R LT D,
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MMSE 7 A MZ & 2 5HAIH R & DNNIZ K D HEE
FEFRORNZIEOER (r=0.85,
57z, —J7 D RMS 747 (Root Mean Square error)
1% 3.02 THY, Thbb, HEESERESAIC
WD ERE LI EEE£3.02 ODNTOERHDH T
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Fig 4. Correlation between measured and estimated MMSE
scores (r=0.85. p<001).
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