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Assessing brain function in self-identified individuals suspected
of being on the autism spectrum using fMRI: a case study.

1 2 vee 1
Yul-Wan Sung”, Uk-Su Choi® and Seiji Ogawa"
Kansei Fukushi Research Institute, Tohoku Fukushi University, Sendai, Japan

Medical Device Development Center, Daegu-Gyeongbuk Medical Innovation Foundation,
Daegu, Republic of Korea

Abstract

Autism Spectrum Disorder (ASD) is a widely recognized neurodevelopmental disorder that has
gained recognition among both the general public and professional groups such as physicians and
researchers. However, with this increasing awareness, some individuals have begun to suspect that
they may be autistic based on their own knowledge and understanding. This suspicion can lead to
unnecessary anxiety and other difficulties in one’s life. A simple objective method of assessment
prior to formal diagnosis would be beneficial for those who suspect they may have autism. Thus, we
posited that measuring brain function would be a viable candidate for this. As a preliminary study, we
evaluated the brain function of an individual who suspected he may be autistic using our developed
estimator of human characteristics. Additionally, we also compared this individual to a cohort of typical
subjects based on functional networks consisting of previously identified ASD-related brain regions.
The individual was determined to be typical by our estimator, however, the comparison with the
normal group indicated deviation in brain regions such as the precuneus and ventral prefrontal cortex
from the normal group. These results suggest that the individual is considered normal, but some brain
functions may deviate from the normal group. Brain function measuring may be a good assessment
method for those who suspect they may have autism.
Keywords : Resting state fMRI (rsfMRI), Functional connectivity, Autism spectrum disorder,

Self-identified, Estimator

(Introduction)

1,1 .
19 characterized by a

. . . 911
and social interactions™",

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition

plethora of behavioral deficits, including difficulties with communication™%%

as well as restrictive or repetitive patterns of behavior'®*%,

ASD is now recognized as a significant societal problem. Knowledge about ASD has become
widely disseminated among the general public as well as among professionals such as physicians and
researchers. Alongside this societal trend, some individuals have begun to suspect that they may be
autistic based on their own knowledge and understanding.

Similarly, in the case of dementia, another major societal problem, the general public has become
quite knowledgeable, and some individuals are now self-assessing their dementia based on their
memory in everyday life, a phenomenon known as subjective cognitive impairment. This self-reported

experience of memory deterioration or loss is relatively objective and assessable.
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However, in the case of ASD, it is less clear what clues an individual may use when he or she reports
that he or she is likely autistic. There is no corresponding term to subjective cognitive impairment
in the case of ASD. Suspicion that one may be autistic can engender unnecessary anxiety and other
obstacles in one’s life. An objective method of assessment, prior to professional diagnosis, would benefit
those who suspect they may have autism.

In this study, in order to examine the possibility of developing an objective and simple evaluation
method, we sought to determine whether there are any differences in the brain of an individual who
suspects they may have autism from the brains of other individuals.

In a prior study, we identified functional brain networks by measuring activity at the resting brain
using functional magnetic resonance imaging (resting-state fMRI) that reflect human characteristics
such as social, cognitive, and emotional quotients, and also developed a machine learning algorithm
which can estimate these human characteristics.

We attempted to evaluate the brain function of an individual who suspects he may have autism
using this estimator. Additionally, we compared the functional brain connectivity of this individual to

that of typical subjects based on brain regions previously identified as being associated with ASD.

(Materials and Methods)
MRI experiments

This study was approved by the Institutional Review Board of Tohoku Fukushi University (RS190607).
Twenty-four healthy volunteers, with an average age of 22.8 + 2.0, participated in the study. Of these,
12 were male and 12 were female. Twenty-three participants were typical subjects, while one was a
self-identified individual suspected of having autism spectrum disorder (ASD). MRI measurements
were conducted using a 3-Tesla MRI scanner (Skyra-fit; Siemens) with a 20-channel matrix head
coil. Both structural and functional images were acquired. The parameters for structural images were
as follows: repetition time of 1900 ms, matrix size of 256 X 256, in-plane resolution of 1 X 1 mm? slice
thickness of 1 mm, and a total of 192 slices. The imaging orientation was sagittal. For functional images,
the following parameters were used: repetition time of 1000 ms, echo time of 24 ms, matrix size of 64 X
64, in-plane resolution of 34 X 34 mm?, slice thickness of 3.4 mm, and a total of 480 volumes. During the
resting-state fMRI session, subjects were instructed to lie on the bed, keep their eyes open, and avoid
thinking about anything in particular while gently focusing their eyes on the center of the visual field.
The room lights were turned off during all MRI scans.

The assessment of ASD and functional connectivity was calculated from the resting-state f{MRI data.

Data analysis

The resting-state fMRI image data were preprocessed using the DPABI software. The preprocessing
steps included slice-scan time correction, 3D motion correction (with a maximum threshold of 1.5
mm and 1.5 degrees), removal of head motion effects using the Friston 24-parameter model, bandpass
temporal filtering (between 0.01 and 0.1 Hz), and artifact rejection based on the CSF signals. The
two-dimensional functional images were then incorporated into 3D anatomical images and spatially
smoothed using a full width at half maximum (FWHM) of 5.0 mm. Correlation was calculated in
Matlab (Mathworks Co, Natick, USA) between 17 ASD regions of interest (ROIs) identified in our
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previous study.?). The correlation was compared between the 23 typical subjects and the self-identified
individual suspected of having autism spectrum disorder (ASD). The regions identified are listed
in Table 1. The assessment of whether the self-identified individual suspected of having autism was
conducted using a home-made toolbox, called human characteristics estimator, which was developed

using the algorithm for estimating human characteristics reported in a previous study. 2.

(Results and Discussions)

The values for ASD-related characteristics estimated by the resting state fMRI data of self-identified
individuals suspected of having ASD were in the median range of 3 to 5 out of a possible range of 1
to 8, with a minimum estimated value of 1 and a maximum of 8. The ASD-related networks identified
were social skills, attention switching, attention to detail, and communication?”. This suggests that the
individual who self-identifies as having autism may not have the condition. The analysis of connectivity
was performed by comparing edges (correlation values between 17 brain regions associated with
autism) between the self-identified individuals and 23 normal subjects. It revealed significant
differences at 21 out of a total of 136 edges. Three edges had values above the maximum of the normal
group (Fig. 1a) and 18 edges had values below the minimum of the normal group (Fig. 1b) (two
sample t-test, p<0.05). These results suggest that brain function related to those edges (or brain
regions) may be different in the self-identified individual as compared to other normal subjects. The
connectivity networks consisting of those edges are shown in Figure 2. The figures show that, among
the brain regions that make up the edges showing significant differences, the left medial frontal cortex
and the left precuneous cortex are major hubs of the networks in which they are involved.

The precuneous cortex is known to be involved in various functions such as self-consciousness'”,
episodic memories related to the self'? visuospatial processing relate to attention” and executive
processing related to response inhibition'. Previous studies have found the precuneous cortex in
relation with ASD. The medial frontal cortex (ventro-medial prefrontal cortex) is also known to be

812 and decision making”. This medial frontal

cortex has been found to be associated with ASD in developmental studies and meta-analysis studies” %

involved various functions such as emotion regulation

The estimated values reflect sub-parameters of social skills, attention switching, attention to detalil,
and communication that are associated with autism. Based on this evaluation, the self-identified
individuals may be considered normal. Therefore, the ASD-related values estimated by the human
characteristic estimator suggest that the self-identified individuals suspected of having autism may
not have the condition. However, the comparison of functional connectivity based on brain regions
associated with autism suggests that there may be differences in some brain functions when compared
to other normal individuals. The connectivity comparison also suggests the possibility of abnormality
in some brain functions related to brain regions belonging to the networks such as the precuneous and
prefrontal cortices.

Taken together, although this study is a case study of one self-identified individual suspected of
having autism and the results are preliminary, it suggests that even a person who is considered normal
may have some abnormal brain function locally. The results also suggest that the assessment of autism
by the estimator may be improved by including brain regions and their functional networks in future

updates.
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Figure 1b

Figure 1. Distribution of edge values (correlation values) of normal group and the self-identified individual
suspected of having autism. (a) self-identified individual > maximum of normal group (b) self-identified
individual < minimum of normal group. The red stars represent the self-identified individual.
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Figure 2a

Figure 2b

Figure 2. Networks consisting of the edges of Figure 1. (a) network of Figure 1a (b) network of Figure 1b. Brain
regions corresponding to the numbers can be found in Table 1.
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Table 1. The brain areas related to ASD identified from Neursynth?®.

peak_x peak y  peak. =z (MNI coordinates)
1 22 -4 -14 R.Fusiform Gyrus
2 -4 -6 -34 L. Pituitary
3 42 -56 20 R. Angualar Gyrus
il -2 -60 36 L.Precuneous Cortex
5 44 2 -24 R. Temporal Paole
6 -6 38 -22 L. Medial Frontal Cortex
7 -66 -16 -14 L. Middle Temporal Gyrus
8 -30 -62 12 L. Precuneous Cortex
9 46 -2 -24 R. Superior Temporal Gyrus
10 -G2 =20 -14 L. Middle Temporal Gyrus
11 38 6 -26 K. Temporal Pole
12 -32 -64 6 L. Occipital Cortex
13 50 -46 -42 R. Cerebellum
14 -2 58 20 L. Frontal Pole
15 -2 -56 38 L. Precuneous Cortex
16 -42 6 -30 L. Temporal Pole
17 48 -32 4/R. Superior Temporal Gyrus
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3. BREMEEBAHIVZERIZE

FHREEAES B EIRR LI DV TGS %0 iR AN RIS 2 516 TRES 2720, S8
IAERERIR R N H CCRR4 DRI 1) 2SI 2R L 72 Tablel. 2 2§ 2. HEMEARICB T 2
Mgk EC] OFEIX, FIL5% TH LI L, FBHELLI%, #:9.2%. #JIl - il - ith - 7 - Jrk
s (LLREINAE) 9.0% & AKIZBIE L 723507 TRive £ O, BB K BT 2384%. HIMAE O R
35%. BANF—L33% 03 FID2MEUETH %0 [HiE GHMUEDOAREZE T2 0)] OoHlaEd, 4
RDF3987% 18 LT bi231%. ZEM% 14.7%. )15 14.5%., HMSFE O 144% &\ [T ] L35
% REER 2 TRV,

— /T ABDORLED N [HE ] 1345.6% & Baak NBOFEE 2 b 5. [BE] OFEH» %
WIGTIZEE R & 2 BT R OBE LR TH 5B 2 B { EEANF— LH3217% LR —T5, iF
BER I, AT — L 2B AR AL TR ER TREEOH G WIS 5,

BB FRIE A D BL R A& I RG] & A AEEE & DB Z T (Tablel.) o B35 E) A5 A 2
ZHT MM D 2 T DO D 9 B RE LIRS DSOS TId, EhED Lo &34k T390 10.2%
(FET15%. EHEST%) £ 1 b\ ZOMDYF AT EIE P 2 23k < [HiE ] Dk o#lE)
EVOIE, 22 159% Th b AIZEEM TH 2 BGBEOMN L I 2 &, [FET ] OHEGIXEREN
730.3% Td % DI L2 1.2%, [HEHE] 1224% 120 L 14.7% & 220 D5 R,

V. &%

BAEO HROKZATE L, SMALOMMPLESO I uFMORFEEEDH Y EIML. EhIcthuia
HOBGREREIZELALEEL TWb, FARELZOTTH AREZLEE Ly [BAE] 132555 % 50
THY, FIC—BETI D D ARBAGTRER 2 EOEZHICL ARABEHI L VT TEL o Tw
Too WEHHIIBEMREEEZHIMT A2 EDPHELVLD, BOLORAEHTLIIRr—2AbE25
NDHH, Bk, FIEEZ MW C& 5 RFERFESEVPCIUT AR TOZHBNEL L BWHETH 5,
Bl Z1E, B CERE D HBUHE P ICKRATES T 57— A b H LN BREIRERGLOAE
BETHNIRASL T EZ AW T, JBRZZABITS e TE, B EREEOKVWERTD
BMEAEHEZMOT I LIITELOTIERVES I D

MBEHE CPAEDL) PRILVORIEETH D, ~MOETTHEHERIBE LA, wIhi
LT [#romld] 2EELRTE% S 2. BRSNS 2 8HE ATV -2 L)
AT BRI NI — R LIRS ¥ 2§ &84 B AR DT S H O L EVE O I 2 FIk L,
P HIW SN NITRAEF 21T DD TH Do L7205 THREFEDSLELRLAIT 119 F @ HE 1TV
BEETLIENROAGHEN L ETHLES 2 5. L, BEMOROEER 2 & CTld, B0 ¥ —
C 2SO L ) RELRRAEF 2RO T I EDWRETE 25, La 2k aH"” k)12, s
SRR EARRRE R UE L. RGERH D RE 2 Bk dy L 2 B 5 R EAE 2 T, BERui
DIGHBEZZIE DS o

DR AGFTOR T % { EEWEE LD 9.3% % 15 A IREE RS HE T 20 b Onbeiik ik, FrIcE
SHOBCHEELRE, REOKAWEFEZOTHHOZRITRETH 5, REKEMEI IR L —#1L
FTIUTIEBE RIS B 2 HEBRO AR E 20, F72, M50 TE L THREKMa Lo R W
7285,

A BEOBIYGF) 5 (TR 2 B9 25001, SUER. LAk - bk 58 - TV T i BBL ETho
720 % MR EEE» SENZ LT TH D . BHAE S BBESHEBS O CEIERTE %
WD %\ O OFBRPBBICEE R T CIERE L HEMTE L VWEAEPH L LD EZLLT
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FEWiF v, o, IERBY L ERGOECEF S (. MEROEHICHEEDA: U2 TR0 H 53
FiCbdH b, MBBBICWAEHREOEHRIZT T YT CORBKRPLELEMSM 2 EoFiut, Ba
RR O BTGB S ] O JiH R R 2 R IS 2 e S, T2 ICVHAMGLOHAEZ SN,
HEBIY T CPAR W R EAE DL b & W S N2 BAFHFEAIGIN., i ERid. %R LKIC
BT 2T T CBAE L TV BEAS — AR WL T2 BRE D E T Ak TH D .
AZRE, CPAFHEILIIL (HAEL TV S,

V. &0

2B HBEBPLVETO) b EAF— 200 (B 0K, TV 78, 228k 2Tid,
WNARAT V= VEBEZANFIEL. TN THRERRPEETH L AMELSLREL ZORE -
T &7 FRICCPARAED W REMEDTE WIGHT T, O IL 2 I 2 51 EB T 2 RS E V. 720
LZF, BERIZORSEEEHINA Ay V-2 BIERERGHICE SRR 52 LT Bl ke
MRERIDBTLHOERAREL 20, HEROMEISHETD &, FEHC, BEREEaLoH 7z 2mHhE
L LTAMOEIGHIREE %%,

Wt EIRR 22 N O & 22 Bt RN B A F2EY TId. BBk BUGEI 7 & W F Bl £ TORE
W25 F OO FE BTSN RO EIFFK & ik L TE L. RAHEIERE TN X 2 0Ekh
Fl b7 THHrI b, MBRENA ZF VT —DORIZEZENFERGLO L) 2 ZEEZMAZESL S
EOWBEELERLTWD, TORBOBID LI IS Ay v ¥ — BRI EaHG L2 M S
B VNI S HAFNT D EE R Do

VI. DY

HEBEFOL WY, BEKRORIE KM% %3 28, CPAREEM LORBEFEOE WY % H
LM L7ze ZOHTH, KICEHET 5 Rk, Bl L CHlKEY. 77—, KRB R LR, EAF—L4,
BRIV TR EICBIT2RBEGLOTHEEZ T LERD D, 7 — ViKY Tl
EREA, BAAR— A TIIEBRE L - - 5kE. 2B TIINEALR EZNZNORRTIC X 0 5RE D%
WDERL D, TOOENENOLGFICOVTEBICEH CMBFICT Y r— 1 v ¥ a—%fTwv, &
D BRI ABIGOREEZ A S I LT RE DN H S, 20 LT, BEKRIETOKABLIZBIT S
K EOLERERAH AT OWTHL 2L, FeRiGHIC O RIFTw & 72w,

5|1 - &EX#
1) —#&W 3N B AR R EFEY F http://qqzaidanjp/menkyo/ (&7 7 £ A : 2022.12.25)

2) BBAWEPIT A AEBEER A
https://www.fdma.go.jp/publication/hakusho/r4/items/part2_section5.pdf (&7 7+t 2 1 2022.12.25)

3) G - 14 MEE - SERAERARI S OLE ) H IS 2 MET g R
https://www.mhlw.go.jp/content/10802000/000511793.pdf (I 7 27 £ A : 2022.12.25)

4) BB NERET A SEMEEEBI OB Figl-p.38, Fig2-p.39, Tablel-p.43,76, Table2.-p.33, Table3.-p.85
https://www.fdma.go.jp/publication/rescue/items/kkkg_r03_01_kyukyupdf (&#&7 7t A :202212.25)

5) MBAWMPAIT © AH2EMBEEI OBPL Table2.-p.33
https://www.fdma.go.jp/publication/rescue/items/kkkg r02_01_kyukyupdf (&7 27t A :202212.25)

6) ARk &4 - THOME ALSOK &% 3 ) ¥R — b |
https://www.alsok.co.jp/person/mimamori/servicehtml (&7 7 £ 2 : 2023.1.5)
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7) &3 AR S HGEE R T RBBE A X2 bR K% T ORGERBIELR IS T T HARY, [#Ekk
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ICTIC& ARSTEMDEENDIGH
—EREGEL ) —TEDERY 7 = ) — VGBI RITTREL D% -

e H— I A

FE AL RS

wE

AWFZE TG LT 2 AB TS, AEmER 7 B BRI ERT HE I B W TRIE vz
FV—=TER) 72 ) = VOGEEOEVERET— 7 ICEH L THRE 217o 720 BAIZIZ, &&ET—
Y EBHER, AV —=T7ER) 72— VEREHNERE LTGS2 L. 55 deeif i
R L7z 20858, B 72/ - VERICE[REIEET LI EDPWL N E Lol

F—T—=F:F)=7, F) =T, EHHER, RV 7 /-, F2=U7 HEME

1. #5

INFE TERAITEWRIEOMIRIRI 2 H 912, KB 2 565 L 72980 14 ) — 73R Es % 2018 4 12 B
AL T SAEHZMR 72, FELTWAF Y —TONEIZF 2=V TEDChetoui (Y= b 4), AR
A4 VD Arbequina (7 VRFF), £ v ED Koroneiki (T A F) O3NHETHD, BIED L =
Ay EWIZBIT 24 — 7 OFEGHRE T EWRE LR & Sh, WHAREREL, A5 hdEnE* &t
AW TH ) — T HREZ B L 720 20224EDIFHTH Y — 7 OBIZ 1600 AL EZER L, ) — 7T HFED
WU 12 500Kg Z B2 5 L TICE - T a Y, i+ — 73 2 iR o —o 0, +v —7%
A VD 6 R IE AL, FTHEANOFR TS BOLREEOIWE RIAIM 2 S 2 2 BE 28T w52, —H,
INFEFTH) —TOEGHBE 2R E LEMEL2H T VITORTI b ol fto T EHMIZBIT 5
T — T OEBRMERLARKG DO 2 I HE L. N0 OfFRERE HkorEbIcH,. 5
Wi, HUBESEIRIL O 720 O IEBEE RO —D L LTRAE L T Z LTI . HIZ, HAI
BIF 5T 2= T T D Chetoui DFERFHIMIZHHIA R . BELOVWIDHMATH 5, 20184 D iy, WA
OFELNE30 yF A — MVRETH > 725 BUEIIBEH2 ~3m, BEISecmZ B2 2 AK0% H L0,
NEFICAER L Twb (Figl)o

FN =T DR 7 = —VIZPRALER. PUREN. PUIEIER . IUAEAE L A-3HIE R 72 EoRh R A3
MHNTWAS, I, Fa= VTS =7, =0 v NEF) =T RTRY) 72/ = VEED
BV EOBRESIRESNTEY Y, A —TEPSHI LR Y) 72 ) — v SHSAERRHT LV
F—E 4 B4 G EBIENED S 5 2 WA SR TwB Y, IS, RETIE, K 7= ) — Lo
BEZMITE L2, 4 — 78, KO R E MR L LB M., B Z Y, L1
A= THIESNERINTED, ) =735 s LTREZTEEZO TS, TAE, I
FC, EHHERILCHRE L) — T o ZH LT 4720, aEHEbE (BBEE). bt
E R B (BHEED) . BRI e E CEENEE) BV THEBRE L, 44FHZAZ 24 ) —7
SO T ORERY) 72/ =V ExEd L7z, TOME. ABTHEBEICTRE L) —7I128
WC, ) —THRY T ) — VOGRS 2R L L CHBICE W E b7 (Fig2) 2,
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COMWBIIMFEMICERBL TVLLOTHY ., EEHBHICL2BBOFESEZWET LI LZHNEL
TWb,

—h. A Lo EICHEA OGS BIM%E %% E L. ICT (Information and Communication
Technology) Z{HH L TERTALRT— % (WE, &, BELE) ZHIE LTS, MPWOAH L
BEEMPIERICERL TS0, IRL3HETORRT—F L) —THERY) 72 ) - VOERZL
BT3B LT ORY 72 = VOEEDVPEDRBESRML L OBBRENRCOPBETREEEZ DS, 72,
BB OEFT L ET 20134 ) =7 OARTIE R W20, HoNZAMRORHERAIZL L. e
IEHERRBEICH ST AR 72/ — VR bu— Vil §5 2 LT, WO IMtiEn - e Z
Nx O HISIRILICH 555 2 LM EEZ bR S,

AWFZE T, s . Al E L ey &AL TR E AT T 54 — T 8EORY) 72 ) —
VOERDEVELZHEEMS 2 EDPOMHHTLIEEZHNET 5,

(a) (b) (o)

Fig.1 7 —7 OHBREOKRTF. (a) AEMERE (RTH 1 202249/ 25R).
(o) IlEHER7E (&RFA  2022% 8/ 14H). (c) Bit@EumMEmN+E (&F7H : 2023%F1A308)

2. WHgEH
2-1. ARRUERSE

REE 224 ) =T O, AsTREES ) — 7EE GRIH : 2021411 H23H). e HE R,
EF v oS ZA0EEEBRER, WIS, FF v o S 2RI O EOEE CRENERE: © A
AW AEaryr)— MEEIZE DI, BAIEZEG) BRILH @ 2021410 H 21 H) 128 Tallraksh
DIMFEDOF ) — T O (BEPRWKHESA) » 5 (Chetoui. Arbequina. Koroneiki) z#RHLL 72
bk Lz, AETHME L) — 713 20184E5 H 25 HICHI AR Z Ak, MiBHiER sy EF v v /82041 —
TIE20184E8 H 12 HICHI AR Z Al L. 3EHOBAZ L, HIREOLABEIIMIS L TETWwEEEZL
N5,

BHEMIROEY TH Do ABTHBEORBMIZIZ, F) — 7% 30AREM (FHFE104K32), Al
BE R EOHEEBRERIIZHBAREM 154K 0), G E R EEMEREAFZER o e
B ZIZ 21 KR (BT AT D) LTwad, HEOREIZHEWTIZ, HROREGER (8F: V> 7
Ywa=5:5:5) #3H&T7H, WEAKE2HE Lz, HBAKIETHREROAL L, #HEEHOHH
PEZ MERE T 5 72 D MERR PSRRI & 45 1 A, il L &2 B $ 5 7204 1 Mok o5ie % Kt L7z, 1
BPRRVEMAE LT, BE215~2m, B{E5~10cm (M EA2S5cmDE ), EREELZZIFTE LY,
BOIHDEICE A, B0ikaz 2 L2 ELF T8 L L. KM ARTO%EE L7,
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Chetoui Arbequina Koroneiki

B S(FEEEE) Bl (EHRE) L& (FERFIE)
Polyphenol content: mgGAE/g-DW, GAE: Gallic acid equivalent, DW: Dry weight

Data represent the mean of three determination + standard deviation
* : p<0.05 at same cultivar

Fig.2 #V—TJEmHEYOBRI 71/ —ILER (12) Fig.3h»551H)

2-2. ABOFR

TR L7244 1) — 7 D100 ~ 200 B FE BE % A H K TR %, #2lE8% (Food Dehydrator LT-81) T
80C. 2WFMIZE: L. k% (Multi Grinder, BioloMix700) ZH\W T RIZ L7z, &£Hit ) — 7RO
B 1.0g 2@ LB IC AN, 7T0% T8 7 =) 10mL 2 A, =it (24C+2T), W FT3HMIKRE 95 L7
ZD% #0J)15500 x g 105 OB L. BiEA I, 10mLICER L. RAY 7=/ — Vil s L
7oo HHGHTFERZ FENET 5 F TAC T TEILRAF L 72,

2-3. #R)T7x/)—IEEDAHTE

Folin-CiocalteuiEIC L D+ —THIZEEN LAY 72/ — v axEsm L7z, i 1S014502-1:2005
WCHRDEX LY ) — VIREH20% B2 2 Wi CHEEMAICEIDARLIOmMLE L. 7 = /7 —VikdE (3
HALY) SmL &2 MR 728, 50 RI275% (W/V) DREF b~ AE#40mL 2 52\ 2T 60 7277 .
SEER (Novaspec I Spectrophotometer) (2 & 1) 765nm 2B A2WBEZBIE Lz, 75 v 7 1%
Ke Lizo iz, 10, 20, 30, 40, 50 u g/mLIZEM L7z 37—k M¥Y (FUJIFILM Wako) %
HOTER L, REHORARY 72/ — VEREZERATEHMYE (mg-GAE/gDW) & LTkw7zY, 2
Z T, GAE X Gallic acid equivalent. DW (& Dry weight Z7/Rr 3. #KRY) 7 =/ =V EOFIERITROE
DNTH5s,

_ (Dsample — Dintercept) X Vsample x d
£ Sstd X Msample
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Wt B o#E) 7 = 7 — )V, Dsample : SEHEOWOLEE, Dintercept : Mt Y sty F O WOGEE,
Sstd : MEEAEOM &, Msample : AF= (g). Vsample : iFEHMBEE (mL). d: kfER L72KoR
BB

2-4. [T —EDAE

ARHFFETIE 3B OKRBIMNEE 2 &M s, A E R .y PR 7R e 2Rl L. SR
THHROMAFZAT - 72 o LRI 10 31T, Reskd 2 HH @), &l [T, @ (%],
W2 [lux], R [°] J@G#E [m/sec]. W& [mm] OTHETH S, &b, T — 513 —/NI2HE% -
RAES I, =R SRERRWREIC 2 > T b,

2-5. TEOEB AT

Fk Bt 3 T (M AT E L 7 oy BREERALATZE T b E) O 1B A RSS2 177 -
7oo DIEERHUML R, BIEDS RV 254K E L. 22 o ofiidein s © 30cm F2 5 N o 3 & Fr
WZDOWTHRORESRZ VT, EERMH20ecmBEFE T2 L FIC2%50 L TREL, £ LIRS
L7zo THERAR 2 JAHZ 7% 2mm Of5 2 WICHl Ly EHIICRAE L 720 pHOMIEIZ DWW T, 7T A Bl
FAZE D L7z B D, JARZ 13 10g 12 25mL DZEE K Z M 2 Hin T LR HIR D 721, A (No.5C,
T RNYTy 2R #HWTHEMBL, 2O %Z pH A —% — (M]-7200, Sato tech) 12X D illlE L7z,
WHEHERFICOWTIE, 80T - 16HFRIAHIE — CODMi S aiEIc X D lE L2z ™Y %, Jadz 15 3g
1250mL DK ZMZ . 80CIZHMIR L 72 + — # N ZA DO T 16 FEHI#HE L 7212, AR TIEBEE. 0K
Wx 5500 x gv 2047 fm Dl L. REARE S AKBEIER Sy 77 X b COD (GEvEALE) % Hw
THME Lz DV T LA F ) VEEAF Y OWEICIE, 138 4g1210mL OZEE K E A, HilkT
16 MFREHE L7218, ARECIEB L, T2 5500 x g 2055 HE 00 L 72e 20 EERBE A+ ¥
BREEICE ST %7 P A F v 2 —%— (LAQUAtwinK-11, HORIBA). S ONICWOBE DS & KR E Y
YRR E S (HI713, HANNA instruments) % HWC, THZNEZME L Y WMEEEE, ALy
AAF T AT T AAF Y OWEIZOWTIL, FERDOMEREZ VT, S KRENESR Sy 77 A+ (G
SEHEE) IS X D EE LA,

3. MiREER
3-1. FU—TEHREHOR) 71/ —IEEER[REN

T ) —T#EBORY) 7 27— V&R, Folin-Ciocalteui: & vy, WETMOMER, W OZHE L
SRRSO X, W lgN -V oER (ng) ZEAE TR (mgGAE/gDW) THL., f#bhi:
ERMEZIEL (Fig2)o ZOME, AV —THEORY 72/ —VEEIE, 3MAETHLE T E
THE LAY = 7B TER S RICHERTHERBICEWEZ /R L7z, BAMIZIE. ChetouillBWT
. AT S (111.9mgGAE/gDW) 13liG 1 E R 7 o (80.5~82.7mgGAE/g-DW) & HE L TH
144524 5 > 720 ArbequinalZB W Tid, A& THHE (1044mgGAE/g-DW) 3l hER 7 E (66.0~
67.1mgGAE/g-DW) & Itk L TR 1645% > 720 Koroneiki l2B W Tl A& Mi#ME (1004mgGAE/
gDW) ZlaTERAY I (698~ 754mgGAE/gDW) & Mk LT 14H% H o 727,

COR) T2/ = VERDEVWERRT— I PO T 5124720, HARZIIFLTWEIRET—5 D
2o, SR OAT EBRSREVEEZ D, B, RE, BEICEH L. HiZ, B EEH»
WELTWLIREDEZ T, LHOPY, BEoOPY, KEOFHEER Lz, 22T Bl &K
L[EL VISR TV A IRER (x) 2 HWwT0lx 22 5 KR 28R, 0lx T 5 W 2 1%
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Ml L7z MM To R ODHERIIIHARELSE T2 0D 0. MAESINLHLHRT 2
WREMED B B L& 2. WEE LRI O W TId Bl o W O H IR E & IR IO W T O BEHTmZ 72,
mi. BEELE PP x HE] CTHIBT 255 FHMEZRIUST A8 ZOHORKME L /MEZNZ T2 T
B9 % )5k & P g O OFA &2 W B TR 2 HiEA D 555, AR TIZ & ) FHMH L L TORED
FWBREZRA Lz, 720 SV EASRT— 7 oz, R 72/ —VvEREZNELEZRE
L72OBI0A~1IATHHZ NS, EOREMOO6HIH~9IH3OHD L DEZI L 72,

Fig3~51&. ZN-E, Millic e, S0, e, iz 4 ) —7EOR) 7= /) — VR LT7uy
PL72BDTH 5B, YT, 0@, €. AlL, ZIZFN. Chetoui. Arbequina. Koroneiki % FKT 5,
HEEIZOWTIE 1 H O PIGHEEE & RS HREE & & ISR I 28 T, BEEDSEWIEE, R 72/ —
VERDEV (Figd)o RilZOWTIZ 1 HOFH AN, HHOFH AN, &KHh o P 5. FE SO
WTNIZBVTORIMAMENITIER) 72 ) = VERDPIEHWZ LR TN S (Figd) . mEIC, BEEI
DWTIE, — HOFIREE, BH O TFERE, KB OTFHREDOVTIZBWTHRESRHVAERRY 7
J—=EmbEv (Figh)o

KETIET— 7 HORRED S BRI 2 ik W2 DS, Figd3~54 5 @M THho¥E &), [
B THHOPERE] I2BWT, B 72/ —VEBEEORBENEV EBRTHNSE, D2
ElE, BIBMEDSENN Z & AN & & OB AR N L RRIBT AT LD, A& BENERY 7
J = VERIEETAWREEZRE L TWwD, —F, BIREWZ L ICEBOFEYRRE R 72 ) —vE
B/ EOBIBUERE DI LT, HH ORI BO TN B 2w E R THRR S, B &
W e %2 LT 5 L FHRILT2CREDENDEH LD T, TNIRELTHWLIIREEDLHLH, BRET
KODBLLDOIIMELEZLOVPHARTH L, Ll MEERY 72/ - VEBROMEEIZIRL ZWwi:
W, BMEREOR) 72 /- VEEZdiH L Tuianw e Hishs, TROOFRENS, AR 72
J = VEEIIEAREFEEREO SR L T A HEEZ R A IIRE L. $2bb, MPoKEIC
AU RBFEERIEIRY) 72 ) —VERIEETHEEZONDH, BERITH SN HIIFEREED D
DTHALID, TOENIMWETELDLENV)ZETH D, HYONERITFHEINL DI EDHPHIZ
400nm-700nm TH Y . £ OHPANTDH 600-700nm (#*) & 400-500nm () DIGOWIERDI T & A3
BENTWA, L7z25> T, 20400nm-700nm PN O 5 H3E & e, BEWZPH F 72 fH© BB 2 &
T TR BN H B, Z LT, 2017 4 VOWREOE LA 513 600-700nm & 500-600nm o &
BB L TWLEHEREINLD, ZOR) 72/ —VERELETRE. BOBRIZOVTIE, #EB4252 50
DWROFE R L5 BB R L. MEHDPLETH L, T, [ISEGEE HHICEBR L Tw b, mEIE
BEEH O A, B L 2 2 AR EEMOFEL: EHBORTFIZ L > TEEEZ TS, RY T«
J = EREERIRE OB RS 2012, EEICET 2532 b LEEEZTBY, Thby 5k
DRELT 5,

—J WECOWTIE, AV —TORERTHIF 2=V TR LTWALETH S, HIZ, FLAH
BTVBERY 72 ) = VERPF 22V 7 THEELTCWEF 2=V 7 JEMEChetoui DEEFM L TV 5 2
LR BbETHET AL, BELEFRYDL LHICHZLDIE, [k OMBEEH L2 L BHTHY .
REMIZIEARY) 72/ = VERICIIREOEENETH L LMWRTEDLN, TOHIIOVTHEEmE T
WCIEHEICRE D ULETH 5o
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1. 2 YRHI—ZFRHITBHEHOIE1—FED 3 VHTM

TZT Y RA=S (T4 F) 2FEBT L7200 EZHMIIOVTEH L TAS,
O [ERTHHICHBTT L —F %2017 5% ]

VI DETHICWDLERATH - 70V~ - HiinH - N4 752 L, H2EOWEMESD 5 E101E, ik
FHIHF L CTEREBES T, SOICHZOMEESFHVEEICE,. HETHE (525357 1<) O
T —F 2B S H 5,

@) [ W& 2 W0 238 2 Pl 3 5 |

IV DT CHISTRBET YR 7 VEOWERIEAET 5 & &, ik b L ISREETIREICS %
INVIDT 7 VEBEIAATERESE L) ET2E, VY VORI HEBINIZHZ TAY— KA H
BWE)IZT B,

@ [HMPALIEIABELZVWEIIINY FVEBEOT VA 2346 (BRE2EST)

IV DETERP SR L E ) IR o 72860 EARBLTLE - 7254610, @ing i oxr L T&%R

RO LY, HRLOLBBE LWL )N Y FVEEEEZT YA M LD T 5,
@ [HE) TRl 20 ) B2 5 |
A O A MR L CRiid 2 HEITHNA =21 L72), U—E =AY T 5,

FRRO4ADOBEEZEBRTL7201I2I3nTNb, 20070y bFFTARL) TH T AHEICH X TR
L—F%#%E L, WICHAMORMZ B - KB 2 088D b, TOLIICr VIl [H] ofd%
724 % 72D Al (Artificial Intelligence : A THIfE) HMioZ &% [2 ¥ 21—~ E Y 3 Y (computer
vision) | EIER, 202 —F VTV g IOV TIE, FE3ETHHEL L RRS,

1. BEFEVNVTOREHEICDNT

B AR ER T 2, BEHEVWTOFLENEMIIE T > T b, T H MR EF LM O 5
ARG, BEIEWT OBGEAEAM L, 2021 ICIZENTH1IGITE G IhTwa Y, F720 F
B2 VDH L AL ->ThH, BEHHEWTIRHYDZOOEELRTA TLELR>TWD, —J, B
JFADRESNIZERY 12k B e, EBTHICEETHIT R o2, BEWICHELTLE 720, 4
WICHEELTCLES2) &) X9 FAMER 100 L ERA L TB Y, BEHAORBEEDHTWS
(Table 2),
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Table 2. HEHFIBHEL T OAEHGEROHER, [4] KVU5IA
KE1EHEE BK (BR) PRUVEVHIXIGER (BR) PEEEDBEICHOTE. HEDVKUNEWHD
LFEE, F24UFE B (BR) PRUBVDLXIGER (BR) PREBEDBEICH > TE. HEHPKUK

BFOHDLEEE
20124 20134F 20144F 20154F 20164F &t

81 MHE 2 1 0 0 0 3
LB 82458 5 4 6 6 9 30
Gl 7 5 6 6 9 33
51 HFE 5 7 0 3 2 17
AGER 5 2 [HE 201 179 175 167 142 864
Al 206 186 175 170 144 881

BEIHE VT OHE, HIBEEEDSKEOkm & 2> TWhHH, ZIVTIEERELHKICRLZ L3P %
WS, BB ERETTALDONEHELZDEM LT A2HEEDSRELR TV, 20X ZHEE
72012, Z V< e U L) ICREBETE Y AT LAOMBEBBPEH L RoTW5S,

1. 4 HMEOEHH

Fik L7280 VEHEOWTOEEFZHEICHE T > Tu A P HEHEREEFRIHA NS L) 12k
T&7. HTHEME T AN — OMIRIEFFREMREIRLICEHE o TnE I b D), SHET I TEIH
WITOREPEE LWL D ). FHOTHVEHL o Tnb,

22T, FAIL TROBBHENTIIA X T EAIXERL, I VORI —LHE L L) LRE - &
DA AT AEB T 2B TS LT L7, 1$RiE. HME AT 2720 T BASENZ D
FTHEEST L, HWHETHEXr =2 a v LT NB L) R/ERAIOMEZHIEL T2,
KRILTIE, ZOHE—ERE LT, AMAEIET 2B\ 2SREY S5 108259 5 2 & 2 RRICH <720
DaAry¥a—reyaryEBEHHECTHIEERELZAEL. COMREZFMNT %,

1. 5 @%@ﬁ%?%

W O 1, SEREHHEVTZFH L TWw 3 EEEH 1,000 4028 LTHHICET 27 v r— b2 L
two%@ﬁ% WIORB L @BITT 2 LERHENTHRETH 5725, HBEEASHEVWILDDH 5,
Folk, WICHEL BT 5 LB HEN3HRETH 72, RBEXHOLWZ ENDH D, T, W
WCHEZ BT T4 LMELLANCZOHEBEZR VLA, [HEIRV (63%) ] [HHEEEROEE
(51%) ] [HEEEWSH S (47%) ] LHE L EEG255 < f [HATEPRL D Iicdw] [HiR
232 bw | [BEFHWFIHEFELEZ2L] LWwIERLH - 72

S X, RN EMEE 2> TV ABEHHE VT OREZFAMENG 25 3ET 52 L 2 HIIZ [FEE
W - BEfa bRl RERA | [ B R | [T HA | [of N2 mh@e sl | [xk AN ai A T8l | o
Mz T, TR Z TR L 2% hTLEY - BEGREREATHIIC B W Tid, BEoM
MICL—HFL I 774 TRV, 5emBLEOTYEZEE EVEAEZMRIBL., i pEAEZ T
589207z, T BEYWORBICEHLTX, @HMAT VLA AT E2MEHTALILICLD, 1M

(230 OBEE CHWTHEORE Rt Z 5 2 L5 TE, RAekm CTHIEL TWAHWTIZE
W, #56em L LI I MOBETREN ZMINT LB TEEHMEL TV D,

BEOLIZ, 27V BR LIRS AT T, BV T REEWEZRNT 27200 PEE I AT 4%
RELET, Z0OY A7 413, RGBWIE & ZRITCHA S AR LEE~ v 7% AH LT, Semantic
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Segmentation & Depth Completion % [AJKF 12477 9 Multi-Task & v b7 —2 & %o Twb (Fig. 1). Bl
L7z Multi-Task & v b7 —27 2 W TEREITo 728 2 A, ZRICHEK LIS L 2 B EEY O
MRS EE DS, BEAET3E & IE_T, ToU (Intersection over Union : MWMAMHI§ B ATOFilll & IEfEATE
N HVWHELZ > TWE 0% RTIRE) % 14points M L9 5 2 L2355 h 5 72,

Input RGE

Segmentation

|
skip ‘I'
. Decoder
B Scrumic | =
— . e [r..._'.-.nrnu“-._l
i ':‘-C:j L! B —
Encoder || .
i {RexMot-503) eASP [ '1' =
n‘xﬂdcr ‘ A
[ |8 4
| Complation
o
Input Sparse-Depth Denge-Depth

Fig. 1. Semantic Segmentation & Depth Completion 47> Multi-Task xv NT7—% [7] KW5IH

ABEKRRETIE, BWESHBIC/METE A2 L2 HIEL T, 43— (AT&I0T) LU TN (i
EYY T 4) ZELA L7z Society 501230 < [t E##E MaaS (Mobility as a Service) ] #EH T 57
DI [k 7 ) P2y PEEY T4 —EA] ZBL, X—=VFLVEL) T4 (BEHHEVTLRLY)
O BB EREHA ORISR HATY Y, o HBERE Y 27 413, 2D-RIDAR. Intel RealSense, ¥ —
av, VF—L 0O EHAGDELIEICL), BN Y TICHo TRy F A— |
VOHCMEBEHEEREZEH L, £, BAHIBWTIZ, Bidot v HEICMZERERFE S AT A
(A& ] SFAHLTHEERZFER L TWb, 2720, BECI>TEE TRy FA-IVLNLD
HOMBEMEERAEPE LD, BERCKELGRZRETERP o) 2 EOMELEIN TV S,

2. WIZED Tk

FFMHDIC. AR ERET 2 O AREEWFIH LT L L2 RRICP S0 E Rra s ¥a—2F
Y a YERCOWTIIRT %0 RIZ, SFEFE ARy Ea—s Y a YHlZISH L T %
5N MEEEHE (FEERE) | O7VTY ZAIZOWTHRRSL, BoNMRAAITCICAIZE% L. R
DEEHHNTITEET D, RBZIHEWOMERFMFERE 1T o

3. 22— Iav
3. 1 REMARIVE1—ZED 3 V#H

I 2—FETVarEn) I —FeRMIHWzZDR~YF 2 —+ v v TEKS¥ O Marvin Minsky
THDY MhiF, IV —FITHATEERLT, AATICEoTHLIEN OB TH L 0%
V2= ICHR SR L) LIRATDTH D, TORAIESTIE LR, TOH%. L L OWMEHEL LIS
FEFLFEEM-TIIE2—FETa v 2REIALLIY L Lz, RENLIFIREEEZ VL O0RIFTH
L9,

3, Viora 5A%2% L7z Haar-like J¥ 8 %2 i\ 72 2 7 — PG HRED D 5 'V Haar-like 5% & 1. H
FHER T B /8= OURE#E/SF — > D Z T, Fig 20X 5 IBEWT ) 7 W 0wx ) 7T 5 \» <
OPDOINY — Y THRENS, BOT) TOWE, BEOHLDIFREMTVWEIOTHL L, RO
WMERZODDOLY WL B2 EANRDH S, —J. HOTY 7OHE, IREOHPIERE . FTERAOM
PHIZH 5 < 2 @10 5. FKEC, AAOIREORPAIEE <. Z£AH A HOMIZMS L 72 260255 %
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(Fig. 3)o HERZRINT 57201213, /35— ORE SRHEHTOMEZ LR %035 WIREEHDH S
LY e RER L. Gl 2 720 O FEDLE e B0 T ORI, Tﬁ%’ﬁk‘ BN & o THT~BU5 Fi
1’?)36‘571%\ NS DTEDP L BRE WD Z L 12K o THAEKREZMINT 5. TH O OMBOSERKE 7 X
TR & A
% B, Haarlike FFE720 TIIEMRIM (HGTICHSH 2089 22T 5) 3 TE2b00, HHilk
M (OB ZRET S) BEHTEIRVOBRRBRT S22 —F VA y VT =7 2T 5,

e s=r, e WET

Fig. 2. Haar-like/S&Z—> 0] Fig. 3. EEOEENSBDO I 7 &%E LIiKRT,
[10] &KYBIA

WIS, ANOEHHGHER 7 Ve 2 lmB$ 52 E25CE& 5 HOG (Histogram of Oriented Gradients)
IZOWTHhR%, Hilk L7z Haar-like 558 % W 724 27 — RHEBE Tl IR 2 [0 72 BE O R RS 1
HERWE V. 2ER 61X AOFHOLA, HRESLTHELOWEE Sy — Y IIMRE P L Twa 672, —
Fiv NOREREEL L9 RGOS, R r LiF720. LedARD, BEPIEDL L HEKD/—
U ZE OB Y — R AENRKE AL L TL Vv, Haarlike/N¥ — v Z @9 5 Z & AW HEIC %
%o 2T, Dalal i, MR ZEME L T50TIE AL, BIIWABEOAR (HE) 2RKDTL R
7S AL, EHALL- b 0% HOGHMEE T2 7 VT XA 2 RE LY, SN X ) BifGoHss
TE OB, NS EHRET D LEERICE S TR LWKRDOKRE D RIEIRI S D 5. Fig. 413, &
WoOHHD, M2 TEMZ S RICZEO LMICIETO% (BOAKIIBBLZHERETHSL L0
TEND) BPESTHEY, COROAREBELX LA I MELTWE Y, LA NPT L0 H 5
1, 2, 39 3AROAELZRLTED., ZNENO0EE, 208, 405180 L > TWb, ELEZ
DEFOLA M7 Z LIWZEIEMEO 3FHICKE RENEN TV 720, ZORFTEIRICE TN 2 5P
MAOENBIZH BT LER LT b, EEOFIE LT, FEHEAHOWSRD 5 HOG K= % KD THliffo

Ez KD D% Fig. 51237,
. : -[i T

-fn ] 7,'-Jﬂmn|ﬂ'_

;- z- it
HAEE
AN

70 B ey R
Fig. 4. HOGHHEDEEFIR, [12] KY5(IA

v

TR4GET AN LENERETAR

[ g
R ——
] e
)
,.i_...-]]
T TEETELL

il

ELRTR S (s 0 LJACER (s v
4o -5

HOGHERLV,
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Fig. 5. REF () &HOGHHEZALV TEROEHmIBZHE L 7F]

WIS, A Ea2—=FEVa YOEL LTENRTE ROV DICEREE (F4—TF9—=v7, %
2k, T4 =T =a2—-FNVAv bT—=2L,359) & Convolutional Neural Network (CNN) 3% %o
BREFHOR=AI R oTnEbDE=a—IF WAy bT—=2EF), =a—F W%y FT—=271k A
MOMIZH LA, T hbboa—0reZopEL2I L ¥a—F FEOYV 7 b7 27X THEL
bDTH 5,

@~
thit) s
AN

Fig.6. —1—3)%xy NT—U DER

Fig. 6 1. =2 —F V4 v P =27 OMEMTH L, PO/ —FiF. =a—arx2Eky, /—F&/—
FIMRIC & - Tl SN T 2. ZOMUE. AROHEEHILD > F 7 A (synapse) 12472h), 7—=5 %
Al (BiwE ) 26460 (FTiewv)) ICRTEEZRE>TWb, /— FIZAE, hikE (BhkE
EHED). WhEr ok, WMEL2 S FHIKS RS S5, Fig 6 O%f. KOz =2 —
TNy FT—=2ICATI Ly AR A O TR R Z R TR T T 2R L T b,

LTAT, RKOWBIZTEDLHIILT=a—F Ny NT—=ZIZANTAHDES ) e WiffiZ, T~
Ca— NI ATNDEE 2L () OFEFHTEIHING, £/ 7 0liffOg6, £¥7 Vi
BMEEED R 7 Ikt THBL (8 ¥ v MRILDOYG, 256 BkFE) S, FE¥ 7 L VOMENZEN TR~ D /) —
FICADENE, = H 5 —HEOLAEI. K7 V2 ROZFHETH L0k -4k F (RGB) 1[20f# L.
ZOMEEN ) — FIZATEN 5,
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ZIT = FOZEIOWTH L BRS, Fig. 713, 220 L/ — K950 F— ¥ FiRD J —
FIZIN DT 2R L TWD, Lt/ — FRNOF—=2 2 Ticitd e &, # (VF7R) Licdh s [EAR
wl OB TFT—F IR ENL, Thbb, ZRERwOMIEZ ) — FHOTF = OEEEZRL TWbh, X
TOLH /= FOF—=712id, TNENH A DOEAWOMEPIERE SN, FTRD /- FTHREING, £
D EHWENA T AbDEIMEEN S, N4 7 Abld, BEOTHMHALEEORZWEL T, 7%
DOWIE (DEh=a—arodEkE) ZHBELTVSL, HHLBEEIZ. KD — P T F— v &%
P B IERILAETH b0 RN IEMELEZ1E. ReLU (Rectified Linear Unit) % & 7 €4 ¥
(sigmoid) MIEAH V., EHLL ML TH A0 —F vtk y VT — 7 DB EBEZ LB TE
X912y, SFXERMEBIESCHTESURE o7z, Y Eofinhz (1-1) 12, ReLUME %X
(1-2) 129,

Fig. 7. Za2—20W%xy NT—U DEKRIE

a = h(x;w; + x,w, + b) (1-1)
_po=z0
) =( 02 o) (1-2)

CZT, BEEAWOEFHIIOVWTEZ ThbL, IR LZRKDOEGEE=2—F NV Ay PT =7 KL
BT 720121 KOFEHAE VO LB TLEND 5, Bz X O, B, F, &, Kk LT
Hbo —a2—=FNVAy FT—=21F, INOLOEHMEERICL->THRIETEZ2 L9140, OYoF—%
EMTERKTEZIIVT, HOTFT— 23T EBKTZ2T) 70 X5 IO MRED M & FAkIC )
TTEIEEGHE L CRERT 2. LTV TIIHE /) —FPHEKTHEW) T EIE, ZORBIZH S
)= FIEZRERMEOTFT—IHNA->TBY., D2, BAWHELKELL 2L bhwv, 2oL &, A
NENET—=FOfIZ, =2—F V%Y bT—=F7MTEHIHTE LW, EAWOMEIZ=2—F V4 v
F7—Z7ICTHIEBTE S, 2F 0, OYORHMERZLZZY TICIIKRELEAWOMHEIHEMINTE
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D, EBICOYOF =5 05Z0) 7o@#dT s, TOIYVTO) —FHPEKTLLIICHE S, 2D
HEAwWOMMMEIIEETHRO SN L RILOROWESEZ =2 —F )V Ay NT—=2ICANTHILICE
D, BAWOMHEIEH INL, COEAWEEHL T, ROZHHERZLIENTELLIICTELT
Ea [FE] £ TS LS. WERERT 2720022 —F WAy NI =2 2R EE5720
Wik, KEOW({GEEFT— 5 2RTITNVTF =y BB h b, TOX) % [Hidh5H] &
S, EBOHEMD ) FETE, 2=V kY VI—=20FEE T~V (EfT—%) 2L,
D% (CREABERL 7 UALY PO E—ER ENDH Y, ZOBRKREHEEEHEVY) 2E¥0ICEDT 5
IHVCEAWOMEELEN TS, TNEHARETEE VWY, ARETETZ 204080, HIEEHED
Al (HE) ZRMAICE > TRDO, BEIVNSL B DL L) ICEAWOMEEZER TS, ZOHE, HEM
BCRDIEEEZGHREBOEHRFICE > T LROZBIZR L AN SHEERD 5 HR % [ Rk
(Backpropagation) | & E 9o I LTNA 7T AbDEHT S, [HXD AITIlZ, B3 245872 A2
TOT IV LTORN, Bfio=2—F Ay b7 T ABTERTE 50 [HMEH] LI
BB L5 I2t o 72 Cd B

RIS, TA—=TF—==0TO0TilkR5b, filbO=2—FVty b= NIZhsHkE BEhE) %
2RULOZRBIZILIEbDET 4 —TF7—=r 7w (Fig. 8),

Fig.8. T4 —75—=27 (REBZE) OBEH

SHICEY, mENET AR, BEHETAE, R EDXH)IT-ZICHEINLHEME £ B CHBIY
W - PMTEL I o7z, Tl BRSO LAZZETNHRI A= (HAWRNA T AbOE) o8
B2 CTEBRDP L, WHLZEBE2EHTEDL L) 127 B AIOWREDSTRIERIZI E L 72013,
COFA—=TF—=V7OBRESSTOMETIIR V. 2B, THEOKZHEPL LT XS LM b
RAEY)—mAPWRIZE), EFHUENMET T4, 20720, blEZMEIZTL2R1IED ) — FOo¥%
W DT EPRED [NAX=3F 2 =% (NHDPPD L8372 —%) | OPegIiEilIrehin & fEh
VBN 72 B

EZAT, Z2a—=FAhy NT=2ZHET =5 % AT HB21E. KHE7 L VoREHE AIEOK
= FICANT B b7 BIZIE, #3272, #3227 VDA, 1024 OWEHNIAEA T ) —
FICANTHI %5, ZORE 2RITTOWRE VIRITTOANBIZATTT AT LX), BRNOAE R
WMBEDLNTLE ) BIZD%0, AMOBEIZH L2000 HRERALRENR—HARIIHFATHSE XIHIRD
D7, 2Ty Lecun b 13, 2K ICH GO EREGRE MR o2 F T2 —F WAy FT—2IZANT A

74 | EMEAENLRRZET A Vol24



[EAAMR=2—F )&y b T—2 (Convolutional Neural Network : BLF. CNN &W&9) | #ELL 72,
Fig. 9 ICCNN OB %R BHGRIZEY 7 N T L ITHEMICAR SN, 2RO T [HARARE
(Convolution Layer)] & [7—1 » )& (Pooling Layer) ] AT &N, [BARAARE] L [F—1) ¥
ZTg | B LR ORIt T 5, Z0%, 1 KeoeeE BEO=2—I 0 v T —
7) WZHIEFESN, B L2 E AR DEL LI LoTH T T GHERLTFMET o

Fig.9. EAAAZ1—FI Y NT—UDHER

B MiAHR (convolution) &iTED X9 LB D, BARKM 255G 2R L CHHT % (Figl0). miak L
72X IR T — 7 I3 2RITEDE 15, 7Y UNVERED) OBTANENS, BilIZ& Y 7 Lok
EEELTWDS (9 —HEDOLER. RiGgHE L OMENANENLEINDENH L), EOLEEIZH
L3 AXMEITADEB RO T —F I LT, HIORICHE T4 VY, FLEH—FNV LTINS
W3 AXMEITADRHDOT =5 %, TNENHUMBOYANTRERLHE. T XTORERHEE
AH (Ih% [HAES] 259) L. 2oMlEBRAAREREHEMNTLHORIMRAT L, T, #*
g 1w 2 (E278V) 55, HIZAFAF (A9 FT527A0KEANIAFEF)H) Lk L
FLEAARICRAE L, ZOREIEREEORIRAT S, HOWHPERE TBHLALSITAGTFICATA
FL. ESICBE L TH S Eit & AEROFHEZ 1TV, WO WHDH TICBET 2 F CREDREZ1T- 72
SEAAARDET T 5,
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FANE BadamR 2 | 9| BAHdaER

Fig.10. EAAHZDETER)

COFEIZEY, W{ET— 5 DM ARV ELDTH D, TR EEEIARTHMIBBLODES D
Mo EIXT7 4N FIZTHEFTLE% < S2FH R A ET %5, FigloO7 4 V& 04 105 HEORIC
BlE S, TRPANIETIZR > Twb, 20720, ANSNZEFOE B ORI T7 4 v 5 & L <
BV A A THEEEEASE T PR T 5 ERAEFEOMIIRE K 2225 TR L 21
WIS B b, ZHE. X7 PLVONFEEZRD DL I L LEMMiTH L, 2F D, SEFSELBOT 4
V& HETIUZ AT ENTZEENIC T 4 vy EFPT ZIRVAFAET 2589 D300 b. TD720,
BARARBDRERZRMNT BRI T ANV T ORGSR D,

W2, T=) Y TRIZOWTEKBIZRLTHIT S (Figll)e 7= Y707 NI X LITHHT,
W2 AXHE2 <A (FREOF) DA ADHTRRKDERZ, 7=V ¥ TOHRDOEIINAAT L, Zhzx
Xv 7 A 7—=1) 7 (max pooling) &\39, WAMAEIDY M3 &IZX ) HIRORHEE ¢ C
EDITE, o, WY A X %2/NELTEDL, B FHEE2RATELETXL =Y -7 —1) 7 (average
pooling) d® 5,

BAAAHERE T TER BAAAHERE T—ULTER

Fig11. ¥V IR - T—=U2JDHEH
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3. 2 YiARE A

AYE2—FETVaViZLo T WWFHITICHIET HEEW 2 - WS 5720121 Wiko s 7
Ty (FE A HgH, B 2= Rl) 0oahn5T, KES, #E, WikFcoligizy 7
FALCHRIRT AUESH L, CNOORTHEEZR A TIT), KRES, MBEREEZRHET LI L
(W] 9. ShETYWERREZT) 2007V T) 834 ERZEINRTWS, BlzIE,
R-CNN'" (Region Convolutional Neural Network). YOLO"™ (You Only Look Once). SSD' (Single
Shot MultiBox Detector) % & Tdh b, F. HEOEY 7 L WIZT NIVIERE D AHR, ¥ 7 LIV HAL
CE S TWAYWIKROGHEEITHIFFELZ [y T4 v 787 X5 —3 3~ (Semantic Segmentation) |
LBV 2V~ OHBERREHRST TOMHAPHRFEINTVEA, B 7 VIZOVWTT 4 =TT —=
TS BHIOFEICHRICHRE LY NI =PRIk b,

TIE, 22Ty =a—=I WAy M7 =212 X MRG58 E N— 2 LR Bk oREM 27 v T
) ZBZDOWTIRBT B,

FFMHOII. AR ZAT) ATOIRE AL THMA Y FH] Tho. A D FH 3. BWEE
TLEIC, DO UDIEFT—% (ground truth&dF9H) 2HEL, =2—I vty VI —20H)E
PO ENTFIMEE BT — 7 2 LT, 12IF—H TS5 L)L FTHEHAWEN, TAbDIEE
HECETECTEHTL2FETH L. TOD, WRRIBICBW TS, AT — 7 L% 5. WK
DOHMIEZ. WP oWkoh T T) (), K&, MEXHOTMTIETH L7720, HEliT—4 1
LENOLPEEINLLENHY . FNOEHETLIIRZ [T/ 7—vav] 59, UWFIKT7 /57— 3
> —)V [Labellmg] % M\W7261% K3,

FITLTWBERTF (2DDR—NENTUT AV JRY JATEAR. HT
JU% [pole] £LTWL3)
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ADE
Fig.13. #fFtgE— 21—y N7 —7 DR

RIS WO 7 V) XL %2H T 5. Figl3n X 512, ANBIZANT 5D WIET— 5 Th b
WRT— 5 DEHEE 7 LIk, RGBT & DMEMHICERSNATIBGIZ2RIEOFFEFATIEND, =2 —F
WAy bT—=27NTIE, Bl L72BEARARD IO, &I SN DI, BRENIZE > Tw 5Pk
DOHT T, MEEE, BXOYA X TH5b,

RANCH T 501k, EWERO T IMIETH S (Figld)o TOBITIE, Figl2d X ) IZR— VA2 K
VoTBY, BAARIL > TWEKEBRIB L%, ZoHOEZXO X D2 (Pole 1 & Pole 2) FiR
T 5. MUEAIE. WikD T TGO 2RITHER~ y THRAESNS, 2o~y 7id, FIzIEMs~
AXKESTADKT () v F) THEEN, ZhEhOXANOT—5 1%, WkohLIEFEENS
MREZREL TS, 2FD, WISV AXKMETADT Y v FOYA, 1 OB GPNIAEAET % i K641
OUREMRBTEDL I LI D, WHBAZELZ2—F VA Yy FU—2 TR, WhohMiE2 &G~
ZCE RS SN D L) IS E T 2D TH 5,

PEAFIIETOPOHEEORE
TuF (BxB8OF ) v FOESE)

[ 1T T T T T T 1
1 T 1T 1T 1T T T

® |
Palel Pale2 u

&R RE A RRA
MECPLERRET S PEOPLEEEICTAICSE
?E*ﬁ‘ﬂ!:l:l EhiEII2FE

Fig.14. B L7MEDT TV EEE K EOROMUEELNTHHEAEA

COEETIE WHROBB X ZOMELD»5H0H\\720, KRITIEHEZ2 OB 2 KO 2 LE0dH 5.
Figl5i&, K L7z IED, TDOADETIIH L PEEMETET FIHELRLTW5, 7,
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ZDORy 7 AOUERE L FREZ o3l T T 225 & T,

HWFHIEEClE. W3 o#ITHAIT, 2o, BEWE TOHEl4AmPNICZ 5725, g o
ERfRAIZHEE L, 2mISELARETEILET2 X ICHIL Twb, B, BEWTHlEHI -y »
MELE, BOWFICBRENVaf AT 4y 7, =%, Ny T )= EOREEHRZ ) TVE 1 D%
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