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Abstract

Chapter 1: Introduction

In recent years, the evolution of artificial intelligence (Al) has been remarkable, and
its range of applications is rapidly expanding. In the medical field, Al applications are
being integrated into products such as endoscopes for cancer screening and definitive
diagnosis support, attracting attention as innovative technologies. Image recognition
Al, which has the ability to recognize specific objects or patterns from image data, is
being applied in medical diagnostic support and autonomous driving. For example, in
regenerative medicine, quality control is often performed through subjective
identification. This presents issues such as the lack of uniformity and accuracy in
quality. Additionally, insufficient information sharing between medical and research
institutions is also a challenge. To address these issues, the first objective of this study
is to develop and validate effective image recognition applications that can provide
stable products with expert—level identification capabilities using image recognition Al.
Another direction for medical applications is to consider that most of the current
support in the field of therapeutic education is passive training support in the form of
teaching materials. Ideally, interactive support tailored to individual characteristics
would be ideal, but resource issues and the provision of individual teaching materials
have not been resolved. Here, conversational Al, which has the ability to generate
natural dialogue, is beginning to be used for communication therapeutic support for
developmental disabilities and entertainment. [n examining this applicability, there is a
problem that subjective opinions are biased due to the difficulty of quantitatively
evaluating the psychology and behavior that support communication. This results in
the inability to accurately assess the necessity and effectiveness of support. To solve
these issues, the recent trend is to develop applied technologies that utilize
conversational Al to quantitatively evaluate children’s communication and behavior.
By conversing with conversational Al, a system that can visualize the correlation
between emotional fluctuations and heart rate using biosensors (heart rate monitors)
is proposed as the second objective of this study, aiming to develop next—generation
tools for tension relief support. The purpose of this study is to construct and evaluate
the practicality of (1) a regenerative medicine cell quality management system that can
provide cultured cells with safe and stable quality (Chapter 2), and (2) a communication
support application system for children with developmental disabilities using
conversational Al (Chapters 3 and 4). The goal is to prototype and examine the
usefulness of each element technology in each field for future development that

integrates these technologies.



Chapter 2: Human Subjective Judgment Bias Revealed by Automated Measurement
Techniques in Confluency of Mesenchymal Stem Cells

The quality of therapeutic cells in regenerative medicine is extremely important from
a safety perspective. Currently, cell quality control relies on manual work involving
subjective judgment by skilled personnel through microscopic observation, posing
challenges in evaluation efficiency and quality stabilization. By using image automatic
recognition Al, it is expected to objectively and quantitatively measure cell viability,
proliferation rate, and functionality, thereby improving the safety and effectiveness of
regenerative medicine through more reproducible quality control. Additionally, Al can
efficiently manage and share information related to cell quality. Furthermore,
automation of the production process is expected to improve production efficiency and
enable mass production. However, ICT implementation involves high costs. The
introduction of equipment and system development can be expensive, potentially
leading to high costs. Considering these challenges, the study conducted the
establishment of cloud-based network technology for cell growth prediction and
visualization methods, as well as verification related to the quantification of
regenerative medicine cells.
Chapter 3: Emotional Features of Short Conversations between a Generative Al-Controlled
Virtual Communication Trainer and Four Children

In recent years, the number of cases in pediatric psychiatry with developmental
disabilities and communication disorders has been increasing, becoming a social issue.
While there is a hypothesis about the etiology of the internet society, chat—type
generative Al, which emerged with the development of machine learning technology, is
hypothesized to contribute to communication training. In this study, a prototype tablet
PC system was developed that displays dialogue with ChatGPT through the voice and
expressions of a 3D moving boy avatar using the free application “VRoid Studio.” For
evaluation, qualitative emotion evaluation was conducted using Google BERT. The
results showed that the Al avatar tended to respond significantly faster than children,
and children tended to take longer to respond in expressing neutral emotions compared
to positive emotions, which was not observed in the Al avatar. These results indicate
important improvement requirements for the development of an Al avatar and child
interaction system that fosters socio—emotional humanity.
Chapter 4: Design of a Conversational Voice Visualization System in Alerting an

Interlocutor’s Elevated Heart Rate Using Chat-Type Generative Al
In Chapter 3, we aim to develop support technologies for the treatment of intractable

developmental disorders through a generative Al communication therapy application.
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Considering the coexistence of adjustment disorders and emotional disorders in
developmental disabilities, we attempted to expand the functionality of the current
prototype based on biosensing that reflects changes in psychological states. Specifically,
we focused on heart rate, an indicator known for its dependency on negative
psychological dynamics such as tension. We developed a prototype application that
intervenes in conversations when the heart rate exceeds tachycardia (100 bpm) and
informs the user of their heart rate to help alleviate tension. Based on the prototypes
and verifications referencing the fields of regenerative cell medicine and communication
therapy, we confirmed the potential for advanced interactive product management
systems and the scalability of treatment for intractable diseases by combining image
recognition Al, generative Al, and physiological monitoring technologies according to
the purpose. In future developments, which involve the quantitative analysis of human
sensitivity evaluation—a task generally considered difficult in the field of machine
development—we aim to realize applications that better guide individual interests and
superior characteristics through interdisciplinary approaches based on neuroscience,
such as concretely visualizing and sonifying dialogues with images, videos, and music,

ultimately aiming for the essential well-being of humanity.



Terminology

Image Identification Al:

It is a technology that uses Al to discriminate and identify information in images. The
information that can be identified by image identification Al is mainly classified into
three types: “face”, “character”, and “object”, and is used for various purposes. Image
recognition Al uses “machine learning” to learn the patterns of pixels that make up a
digital image, and “deep learning” to identify objects in an image.

Interactive Generative Al:

It is a technology that generates appropriate responses based on user input and uses
natural language processing (NLP), machine learning, and deep learning algorithms.
Conversational Al can manifest itself in the form of chatbots, virtual assistants, and
other forms to seamlessly interact with users.

Mesenchymal stem cells (MSCs):

Mesenchymal stem cells (MSCs) are one of the stem cells (stem cells) that exist in
adults and have the ability to differentiate into mesoderm—derived tissues such as bone,
cartilage, blood vessels, and cardiomyocytes. In recent years, it has been reported that
it differentiates into neurons and glial cells derived from the ectoderm (which have
functions such as supporting nerve cells) and hepatocytes derived from the endoderm.
ChatGPT:

ChatGPT is a text—generating Al developed by OpenAl in the United States. It is a
large language model based on a neural network called GPT, which has many
parameters and can perform a variety of natural language processing tasks, such as

generating sentences like a human.

Google BERT (Bidirectional Encoder Representations from Transformers):

BERT is an innovative natural language processing technology developed by Google.
By learning two—way linguistic expressions that take into account both sides of the
context, more precise language understanding is realized. This technology has been
applied in various fields such as search engines and chatbots, and has achieved great

results.
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AT % DFBBNE B E Y T, IVFEVEB TIEINLOW I FMEM A G DY T E
f”iﬁi%fﬁ%ﬁﬂﬂ“é BHIAFma—FG VR I —Z (CNN) i, T4 —FF—=2 7
TN R LDRFER 2] THD, CNN [XFFICEE TS W TR A THY, LT O
ISR T TV —a TR EFREL TLA,

o HEREEEDOREEY R H
o [EIREE SN (BAEBMEGLE, DM, IR D 35872 E)
o HIHIATAL(BFVT4—, ZE—T AU RANRE)

1-3-3 CNN #f==

CNN (%, /\@Hrﬁffﬁﬂ%}:éﬁbf:F::L~~7/v>?~y%v—710)—@?3@5 =a—F/F
yhT—7 138 E 3 BREE TRRIILTNDD, SHIZELDRE RV B) D& ST
2ONIT 4 —F =a—F )Ry NT—7 | THY, CNN [T 4 — S =a2—TF /LR kT
— I D—DTh%, CNN DERUNENE AL JEEL ANZZEF T N2V 7 ThD
2, BBl =a—TF VTR N —7 JEREFI TV Y CNN I I EHG 7R
DB TERISNTEY, TDRTH I — RG] SFEIN DB GRRFR D F R
IZBWTENMERERET L2200 E RSN TN,
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1-3-4 CNN #&v&

CNN IR DOHEE TRV > TND, 1.ERIARE 2. 7=V T 3. &6
Thbd, TOENRT —F5BIGAIT ANE—IZ AT, ARSI -w, 77—
7 J& TRFT B O RHEAEEN 9, B A GA LI -7 — U 7L A (AT [E] ) D IR L
BON R E S EEER L USRI A > T(ReLU %7 &) %E, TRk
LR 7 b=y 7 AR L) HWTH T 5, BAREH( AT fat—a k)
S TREVGERICIV T NVE— BH ASATAZEHTLH, Fey X T UNER
EERANT, @FEREREITHI—Abd D,

CNN EAXEiS

LEDERIC
fThhsm

o CD|€D —

\, J
HHEMILED BBE-EICRD

HiB#f 1: https://blog.ef-4.co.jp/cnn B RIA =2 —T )L F hT — 7 DI/

Figure 4. CNN FAM#E S

1-4 =EERIAE R Al
REBEFEET L (LLM) 21, BARxZhia £ T 5T VEABE T 5, FH
T 5V —/LELTIE, Chat-GPT <° LLaMA 72 E R ZEIF B 5,
o T—HINE: FERENPWIROXEET —FLAEERIET —% (F: 04A
BT —2)BINETD,
o EFTNDN—=UT WELET =22 HWT, KEESEE TV
(ffil : Chat-GPT) ZhL—=7"3%,
o ETFTNOFE: N —=U Y LI ET LV DIEED B RS CEMS AT
fliL. BBEIIGL T 7 A Fa—=0 7 %279,
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o VATADIAE: SEERIER Al LAERTEFEE Y —E AL VTV
AL THELDODEIRIEZ T L2 NS 55 21TV AT LGS
Do
AR ALIZIZ BRI -BEREICIS U C, 73— Lz Eans (Figure 5)

4 Al (Generative artifical intelligence)
BIA S EAAEKAI

AKBEEEETI/V (LLM)
Chat-GPT - Bard - LLaMA

B R BRA = BEERAI

Figure 5. A& pk% Al OFEFE

1-5 ARk AlEER T 7V Ar— a 4548

ERFRAI Al ERFERIARL Al ZEA L, AV FT0T AT RIS AT DEEERT 5
(Figure 6) , Hugging Face Transformers <> Azure Cognitive Services Z#l| L Tt &
21T,

o AVE—Tz—AFRE BEGFA] Al LSFERIAR Al AT D720
DA—F —A L FZ =T 2= ADRFEITI, FIZIL. V=TT TV r—
U RENSANT TN —a BB FIREIC2D,
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TPV =y 2EETN
Chat-GPT#

B - BReER

Figure 6. A£ARXAE G T 7V — g 1R

55 THERERR] Al 295 H U= B A IR o pl R 131

BAERSFIZBOWUREAMRO REEENRRETLE, BEMEDHR TOE
WL DT B O R EALCRFEICRT T2 =— XX E W, BLIR T, ffao
MEEFENREE I CIAEMBER R To BRIEZETITbILTEY, Sl DORh R -
L E T O W T CREEN D, FOMREL T, BAERMBOFMAE ICT L5
ET IDEREN D JLE 72T —Z N — A E DS D L F RO FER | BERe MY
ZTEBANCTRITH2ENTEDLLDITRD, £LT, XY RER MO ER D AT EEIC
R0, BAEEROREMESCEMERM E3 a3 it shs,

ICT fb& AL IERICEY, & =2 OBOH R T, BAEEFEMAOF#RE 2RI
BHL, WEERERGICHETHIENTED, AET A0 HE{LASFREIZ/R
Do ZHUTEKY, ERESENE EL, MEE - EOEFERR D ATREIC/R DI e
Fa3d, ICT {bOT AUy ML, RIEBEASLTV AT LRI OEIANIZET NS,
T2, & ICT fLIZEHREX 27 —IZBL T, 7 —#IRIBICEIDBE DT TA
I OIATREREOHLIWENOTFLEEREX 2T A — B P MELLRD,
ICT fUIZ kDT —ZINETTRAVENT O & AL RN LI LR DA, ZIbHD
MEA S EL T BAERMIE LGB E Y A7 ATAICELLEX | DB 3 K O\F A E#
HEAE (R RERAEAR) E B LIZB W CORGEEZHE 35,

2-1 FE

BN RICM-7o R 3 E 2. 2o biERlE A I O 530 35 5 - il
NS IOFTAEVH LB SR TZ0ECL D T2 8 TIRE T OB A ERIL. Rk
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RIEBREATE L TR O, SIS TV 5 o8, ZOREBOTEL e D 2,
HEERED RO EXIIUNELZEN TERWES MM T, BaHlEc Ly
Lo L RESEIS ~LHRAET S iPS MR S 2R E DB DTN VAT RLIEH CHKDB S
DRSERIEAEIRE DYV AT 30D °y —FF, BRICH L bRE i 2 7 la s L TR &E
RSP IETE T D2 EMENHIL TN HE R BRI A T D 4y 24 CHETE 3 %
AE ) (HEFEAE) AIEF BV LB TS U8 ZOBEREBMARIZ O LS DR
DM T2 HIREE H RO TH LB CECE , . Oz LT
XLRENEL O T, SHITIE, ITE T, FMRZE B SEO MR 7R (b
AR Z R T 570 L OMRER D D) | WIRZEH RO AFMALIZH /ML TEH LN H
HINTWD P, B CMEME DO EFEENR TR RZ LD 1 BAEROBRKRD
EHULDBEITIAE - TD, FEIEERERMAE (MSC) D43 {L i8I 8 D HEfig B s - L C
HEEASRETE AL OMR BB T U I CE B E T 22803 XA T, SR P S
AR OHEFEDIRREAFE M T DIE DO OEDEL T, a7y — (a7 )LVER) N
0D, BRI " SIS T R EAROEEIICB A RMIROME SA
HEEREZIMTHHIET, a7 — DR RHIEA L Z 3P L, 2R (E
OFNEEERETLERNVET S, BB 72X A =0 BHRIZE BN
THITNG ¥, ar 7Ly o — DRI RE Y, MO AR I LS
~O AR EL . BAEIEEZITY *, ZOFINICBITRESL T, B RAR
WA ANV AT E DIR AR Z D FREMEDN S D 7, Fo, BHAIE 1L D EE Y
HERMEDFEROTD, FEEMEITRITDATREMEDNHD,

IHEDRIEE R T D012, O B Car 7 VR A SO LEER N AL
PR HIEB OB A BIS LT, av 7 VRO EEMa E G5BT i 23R EL 7=,
BANT, FEEREMIED 10 £58= 7V ER Gz, MR ORRIEEL T, A
FEAMERAE AL CIRE 21T, TOMBEEGE T 51 B HROME D T MAT0
BB Ry MlkaE x5 B BRI O BB OMEREIT o712 %, Wiz, +
53 RO AR ER A E AR A Fe AR C & B B EHRAIE IR OMGES . K02 okEE Y
NE BRI EDAL T NERFEET — %5, [FIRGEEGIIR T DB =X 2/ —]
ABD 24, BLO, #ILFE XA I—KC D 3 LI2khar 7V Ro B HRREA
AT, T ORGSR A B T DIRFEEERE AT o7 %,
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2-2 FHik
2-2-1 J7iE1

HASHT AT v7, Bl EEEERE CELLA 4.0 ZFAL., BAMFRE N
RS TV A EMNHZER B E — B 7 TR R T DR B C N 7' PBS,
FEB7 0Lk 5 B FICE LIRS B S e MEZERES R DR E T L&
FREFAY AR B BAMREE TR LT-MiME 10 /o, THEiG % 2 [ELL CaEEOH &
(T RY T AR TR O E & 7 MU Tz, MRS & 4 10 £ (Figure 7) %5
ETDANBIOEEFRIERT 7V —ar MNEHAIL - MR E o Heis T iR et iE
H% (Table 1) \ZfED S EMEZTERR LT,

ERizhiilive-4
V/R7ANAN

H il g
Bl

image9 imagel0

Figure 7. 10 fz Dt 8 L 2fE L EIE
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Table 1. FHATEE £ DOFEAR

count result

sample manual Machine precision
image1 350 336 96.00%
image2 280 270 96.40%
image3 257 249 96.90%
image4 254 248 97.60%
imageb 264 258 97.70%
imageb6 254 244 96.10%
image?/ 325 328 99.40%
image8 Sl 308 99.00%
image9 342 346 100.00%
image10 247 243 98.40%
average 97.80%

*x EHREE . Adjusted Precision = min(|Precision|, 100)

>~ Adjusted Precision

Average Precision = N

2-2-2 J71E2

BB RSB I ORa 7 VR EEO BRI T7 7 — g
[ZDWTIR B, 72— (AR ORI E, TR /A ARE) | 2k, 7~V
DAL % OpenCV X—R[|Z Python [ ZTETTHT 7V r—a 23 /ELT- (FiFE
2022-137645 DT I)LAYA L), HZEREEMa (MSC) @ B HRIC KD — B2z 7w
KOBEHFNEIL, TERICERLI=a 7V (confluency) L TERIND,

ka7 (%)= (—HREETYE) X (M%) ~ h—Z1x)7 (cm?) X 100
ZOFETEHEN a7 VERIR, —BRIOIRERMZRERELTERESNS, -
2L, BIEH O XBRREENIRIET 5720 BEEE ICL> TIThI QWD 0N IEfE
PEIZIZRA D B D,

AT AT v 7 Ol B B &4EE CELLA 4.0 2R AL, FAZEHIFEE A
AL T DENHZE R ER M 2 — AR P72 BETEES = DG EIRC N 72 PBS, E
BR7 O b L IZREV b B RIC D7z TR LT, IO O MNAZEREMfa D&
T VAR RN B AR B SRR ESE T2 LT JPEG Hi{% 32 # (Figure 8) ZfE AL . 32
AR R EBRE X RIC, ABLOBEEERIEET 7V — a7 fa gk
DifER% Table2 ITELDTz, 2 A DRGEE D 32 MO E—HEHB LG, 2T )VFH
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AR 0%~100%% 5%HE M CREML7Z, B BhanlZLDRHmEZAE . A D7
e &9 DB KRk L . DR OMBEMEZET W EARL T y YA EZ 0 &
B HRIZEIRIESROE H EAE BRI R E 215 TR L 72,
Expert A+Expert B-Beginner C 1X(1) DA VYLVl EER T2 7Ly —
Ml E1T 72,
(1)

0¥

Figure 8. (1) AV Vg 32 #  (2) 2 {EfLEE 32 &
2-2-3 J71£3

2-2-3-1 TAICELLEX]+CNN B4 [E A Az Bk EE

A&t AICELLEX OFAEBRMGEEH Y AT ATAICELLEX | 2L . 2
B L AHEE s AICELLEX OHETI 353 7V R (@rrrk®)= (—HREHETES)
X (Mifa%) + h—FA Y7 (cm?) X 100) Z HFUE UM 2 7 L R EDOFABZ 3Tl L7,

2MEAVE G R & E &Y 7 FAICELLEX J 12XV, BRI LOE B Z2 —FEL T
UPLOAD U 1 HIENOMIET X TORIRT —F&FHRIL 156 O IKTEIZE(Table 2)%
BT, 207 —2%H2 1 BRI EOFHRIEET —& 15 L 15 OEHE(R
ZIRIEARD, 5 30 IR IEDOe—h~ v 7T (Figure 16) D7 —Z_X—RL1LT-,
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Table 2. f#fATZRFFIED 15 FEAF AR

HEH (1)

DATA

Fadzo b4

HrFng

g7

EBER

2L 17

ALY Y K

HAID

il

HE&

REOBHSHE

RE @O

P

AER: EMAYEok

10

FRIFriEEL

11

FRYF g2

12

TR F v EE3

i3

HEORERE

14

HEE O E

15

HEEE DB R

HEE (B

H JIDATARI

CELL_A

RBHEIOY o FELTRENT, FTo¥z 7 bELT—RICRE
TE AT R CRIEHE. MRFo0V s FORE HREEERD
WREEWT LA

MSC_P2_GM

Favzs toPT, BITNREST RICKHETS HETEER (A
i, MfERMEs S TRl AL aW)

MSCO0L

ERABO-HISRRL-ERNE T L2 — (BR2H0LE) oFf

24

BEOGREETT-HSOEMER (B, H. s MR &
ICRERIT TSR KB REERE Y 7, ST 5RICE
ErwstEH

1RBRNE RS UV VBELESO7 v 7o — FESES O
(FA V7 EBRTEMANOEE) 6 : RSB - 68T
ENBRAY L TOBER [2]

1BHBNE XA YV IYRE LICBSOT v 7 A — FEREF OB
(FA U ZBETBRAFMOBED  # : BEBBIXB2H — 68 TMAL
ENBIA Y FOBAR (3]

1 ¥ o@D R L oS MR S & iz 5 LD

1 W oEE T cRH L - 1MIREROR £ 7 i

1 HoE&T CRELCIHRORE (R LRBALOBTR) oy
LB

13.005

1 M OEEP CRHE L 1M 0RED M ME
E#L : (perimeter)? / (area)
(BEHBEOL S ICHELIAES,. AS<HEHENEZAT)

10.81665421

1#oEE T TR L 1M ZECRAEORMO C s wH

2246535873

1#oEET TR L 1Ml ZECRAEOFHRO E s wH

048148148

1HoESD CERL 1Ml omE s
P25 length / width
(BRI R LB AS<EHana2a7)

0.965782391

1 oEE T RS L 1RO Ea L
JE#ET : 4 m(area) / (perimeter)®
0~1@&M cEHENEZAT)

4.62153925

OGP CRHR L IHRORELERLE LT, BBICET 2PN
FWIBROFEO S T

11.03528441

1M OB TR L 7 L OB e
FE#E : (perimeter) / (inner_radius)

(HERERSRICZAE AR & <, MIIEHICH L TRBORECM A A S L
BERS<HHENERI7)

0.79957602

M oEE P CER LI ORERE (F22Fv) TRRT AL
=73 Z = p)(j — wIpG. j)

ij %)
HEROBELS - BELSOEEIZULTVOTER
#EURL:
https://jp-mathworks.com/help/images/ref/graycoprops.html

0.19236568

0.58011266

1 oEE P CcER LI oEREE (F27AFv) ZARTIBHE
=279 . o0

Z PG j)

ij

HEROBELS - MELSOEEEZULTVOTIR
HZURL:
https://jp.mathworks.com/help/images/ref/graycoprops.html
WMoBEE P TRR L IBIOREEE (727 2Fv) 2RRTLRE
skl L

" PG, j)

iy 1+1i—jl

HERORELS - BELSOEEEZULTVOTIER
£EURL:
https://ip. ks.com/help/images/ref/graycoprops.html

211848413

1HoER P TR L IMB TSR T 20 b C BT S HEDEE
wE

105.455

IHOBEH P CESR LI ZERT 2o BT 2EEOTY
&

0.02008899

1M o@ER P CER LB TENT o2 b ICE T S MEDLE)
RBE

#:0 : (intensity_sd) / (intensity_ave)

(EHDR%E 3EROMERRELE T 3RICHIFTERa7)
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MO KA ES B2l MIEZNENORERIE T — X & 1R AZFHM
THEADOIA 30 Hz2I ~frb—h~y 7 EOBEALKBDERIZONT, EHEF
Z F LIV EEREENE WV IEEZRUEG, EERZE — LBV EE2R
LKET Cell AB-C Ofifa= DR RIIZEDZ2{be—~~> 7 (Figure 9) 244
Bl-EETDHILT, URROBT 7 7V o—F 2R ELT,

11 12 13 1 15
cellA 16 17 18 19
indices
+1
cellB
]
cellC
- -1
0 24 48 72 96 120 144 Lnour]

Figure 9. b—h~<o 7 "I {b& PCA S HTIZ L DM R AR 30 FatZ

Table 3. t—h<=v 7 TRIBIET —FEEE T R A

30 indices of cellular shape charactrization by heatmap visuzalization and PCA processing.

1 2 3 4 5
1 mean_area mean_perimeter mean_compactness mean_length mean_width
2 nean_tength_width._y mean_shape_factor mean_inner_radius IRN_DeIIVEtes_inn mean_correlation

atio er_radius_ratio

3 mean_energy mean_homogeneity mean_intensity_sd | mean_intensity_ave | mean_intensity_cv
4 sd_area sd_perimeter sd_compactness sd_length sd_width
5 sd_length_width_rati sd_shape_factor sd_inner_radius s psrimeter_inner_ sd_correlation

o radius_ratio
6 sd_energy sd_homogeneity sd_intensity_sd sd_Iintensity_ave sd_intensity_cv

25



2-2-3-2 FARMRBERER - 2T VR

K RFIZEoMiaE 2 ELT U 7B L RG UGS RA R H Lz,
CNN ORRELIZ=2>OMifat 7V Thb CellA-B-CENENORERFIZ DL
—h~> 7 (Figure 9) Xt E g 4 2fE LB & THRRE L E =L 7 Figure 10.Figure
11.Figure 12 12, &V 7 VO fE{LALERE A A— V% SLERICE 1A, 24 RFfZ
Sl 6 HREOHERZ B G B L O Mtk (F) -MRmfERsto®s 7 7%
AT,

Sample List
= N = Chart
e ks Object Count
! 2,500
‘ wsot MSC_AT s | 2o
1,500 I I
| 1,000
BTl
timefh]
C - H_A 120000 Total Object Area
800,000 I I I
400,000
ull
0 24 48 72 96 120 144
time[h]
i 2 48 72 % 120 | 144
Cell_A
i o ;‘:{‘n;_ o:

Figure 10. Cell A TAICELLEX | e il E J O 24 Bfd] Z EDRs R4 2 B/ L {5
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Q Msc_B7 = Chart
Object Type Sample Name —
msct MSC_B7 2,000
1,500
1
= ol
0 24 48 T2 9% 20 144
timefn)
Cell_B T Total Object Area
800,000 I
400,000
il
timefh]
iR fE/1h 0 24 48 72 96 120 144
Cell_B

Q wmsc_c7 c = Chart
Object Type Sample Name Object Count
mscy MSC_C7 > 1o
1,000
-l
Al |
0 24 48 72 96 120 144
tmein]
CCH C Total Object Area
— 1,000,000
800,000
600,000 I I I
400,000
200,000
alll
0 24 48 72 96 120 44
time(h]
® - - o s . .
u‘ Filter 3
R/ 1h 0 24 48 Vi 96 120 144
CellEC

Figure 12. Cell.C TAiCELLEX J #lAaHIE K& O 24 BT LD EER % 2 E/L &
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2-2-3-3 CNN & ZEAm

2 EACE GO RSS2 7 L RE RO TOARTIRIEICRTL , 85725
FREE A B2 B B9E L CCNNIZ L DM a0 B Rl 24T o 72, 2 fEfKE B ALE CNN O
FiE, TR 2 {ELES+CNN 2B LAHIaFEM Th b, AR IT
{8 = OFRRTREAL DB N2 T2, DT L — R — VBRI L DR B 8 T
L3R 21T, BTALE LU C 2 (BRI L | JORFEBESL D2 8% B E’J):Lf:
2 BB TOHEE FEL U, FEEBROKEEZESST 5720, JTE BN 256 X
256 A XDATV MEE A TS L7 (Figure 13) , CNN IZ XD E G IEY 43 FEE A3 2
fEE B ALEE 7 NTAICELLEX | O /1§ 5= 7 V3 OF BABIR 3B 5 R AEE 1T
W ZHETO 2 fELEHG LR D H DT IRFEMIZ CNN 2N E 2 ThANREEE 382728
o7, 2 LM EG 2 E 4528 T, A LV E Ic R, REOMIERZ
WL LRV AL DR A A T CEBREFHI AT 272,

CNN Z=E ORIHLE L LTI O TTEIE D AT Yy MBS KON 2 B LALBEA1T,

gray 2448 X 2048 Sprit 256 X 256 gray 256 X 256 threshold256 X 256«

=

T HE
CEEEN

Figure 13. CNN =& (& /ERk AT L2

FEEGRRIIROSEB O abaL L,

1. 2448 X 2048 &°7 /L O )5 Sprit LLERIZLY 256 X 256 &7 &/L (72 #0) 2 H
2. gray 256 X 256 Ef%% threshold M 30 IZFXEL T COEEE 2 (MR #
3. 1 EB 72 MIZHBEISH =B BETFE LFHmIC A,

4. trammg image 4 52 £z test image & 10 #%

5. FHETAMIIL, classl Al-B1-Cl Eif§ class7 AT7-B7-CT7 B4 A

6. Classl 156 £z training image Class7 156 f training image &&f 312 #%

7. Classl 30 # test image Class7 30 £z test image &&F 60 #

8. Classl ~ Calss7 %728 Prediction &&f 504 £
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BEEELLT EBRICE2E BE TS TL/—R
1. 256 X256 EBAT Vv I 2 fEfLLEE 71/ Z 4 (Python 3.11.3)
ZYaE L7z,

KIFGEDE 2 2 CNN FEHTIC VM ) —k PC FNA A E A DL T ISR,

T INA AL Sony VAIO  VJS142C12N

A=NS A Intel(R) Core(TM) i7-10710U CPU @ 1.10GHz 1.61 GHz
F4E RAM 16.0 GB (15.8 GB {i fi AJ #E

FIRAAID E549CCA1-7374-4612-9EBD-E64CE1CF5D2F

ZFu&Z 7D 00330-53195-13342-AA0OEM

AT LADFESE 64 By FR—TF LS VAT A, x64 N—A Tty
s o W Windows 11 Pro

R—Vay 24H?2
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master_image
2448 % 2048 . . . i 8 ¢ i
Cell_A_Gray
Cell_B_Gray
Cell_C _Gray
Sprit_image
256 % 256
Cell_A_Gray
Cell_B_Gray
Cell_C_Gray
Sprit_image
SRE e 1 2 3 4 5) 6 i
> NN Dz ISR U
. Tl S Y N,
Cell_A_Binarized P \ ‘\ g - \ / .’,n‘_'-'\. sl \‘:
\ v b T8 er 7 o0 o O LN
(Threshold 30) \i"r ‘\‘ -1 p » ;/ ': o :1 M .
- [} . A -~
5 - '-. 5'\ i' e “."-! "/'\ ‘;‘ ' --:"\“
ol ' » -,
Cell_B _Binatized . ' i & ’7 o "l.ﬁ "l""",; - 0-,‘,...' "."‘x
\.. . Tt / —— e
(Threshold 30) “ ¢ R P ( L' - vele o I3
h‘\' A Ay T d SRR
N L N aa=ty o, et
Cell_C_Binarized ,l}\ P A \ / ._-" "’ A .
- _Jr J’ L h ,k { ‘ - y
(Threshold 30) ‘.p-/‘ RPS “" {. ‘\ . '\--' P ) ‘f?‘,
- AN\, ety L
[hour] 24 48 72 96 120 144

Figure 14. CNN %8 fl~ A& —@ifg - A7V M4 - 2 EALE 5

B b OKk&) 7ay 23, Cell AB-COILHEE THS (Figure 14) , TR D34
7 Cell A-B-C JTEIE 21 BAEFAIAI, TV TN A XD EE N LALEE S
119, ZHUCKVEBR RO LT 2 H LR ERE T D, FE (k) 7 ry 70 256
X 256 OEGEHAXIZAT Y NEIT), SHIZTE (BkEa) 7' rys 256 X256 DA X
[\ T AV AL 24TV, threshold OfE 30 (2T 2 fEALEMEIZEHL -, 7 72X
21=1512 DO ES A TAE LT,
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CNN 2B M D7 412 —HEi&% (Figure 15) (TR ¥, M2 E RO CNN {RFAT
¥|+Epoch 71272 (Python 3.11.3) D EHiPEE LFEIEETH S, Training image
test_image * prediction 7 #/LZ —|Z classs_1*classs.7 D7 x/LHZ —ZVEREL BHID
B &% RT3 5, Output2 74/ —i%, CNN HIEDOK T LIREITINZ 7 -
EPOCH 757 «EPOCH 7 —# 73 CSV TIRIESNAAETHD, TRRICT AL NiE

EZRY,

training_directory = 'C:/ABC_image/dataset2/training_set'

test_directory = 'C:/ABC_image/dataset2/test_set"

predict_directory = 'C:/ABC_image/dataset2/prediction’

save_plot_directory = 'C:/ABC_image/dataset2/output2’

target_size_hight = 256
target_size_width = 256

epochs = 35

Figure 15. CNN ZE H D7 4 /L7 —tidg FEIAX =Ry 7HERTE

# S EMEG T L7

training directory = 'C:/ABC image/dataset2/training set'
Class_1 Al1-B1-Cl Efg 4 52 &Ff 156 £
Class_7 AT-B7-CT g 4 52t &FF1564L

# BEREH BTG T 4L 7R

test directory = 'C:/ABC image/dataset2/test set'
Class_1 Al1-B1-Cl Efg 4 10 &304
Class_7 AT-B7-CT Efg % 10 # &F+30 &

# THIAERT AL 7R)

predict directory = 'C:/ABC image/dataset2/prediction’
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Class_1 Al E T2 K
Class_7 A1~T Efg 4 72 8 HIERFEG AR 2 ENE
#b—h~y T EGRTELET LI
save_plot_directory = 'C:/ABC_image/dataset2/output2'
1R[RI1T4127°Z7 -EPOCH 25~ -EPOCHCSV 771 /L
# B EHg YA Kt
target_size_hight = 256
# S E B YA
target_size_width = 256
# =Ry
epochs = 35

T 7V r—ar

Visual Studio Code
sX—=32:1.96.2 (user setup)
=X b fabdb6a30b49f79a7aba0f2ad9df9b399473380fF
HfF: 2024-12-19T10:22:47.2167Z
Electron: 32.2.6

ElectronBuildld: 10629634
Chromium: 128.0.6613.186
Node.js: 20.18.1

V8: 12.8.374.38-electron.0

OS: Windows NT x64 10.0.26100
Python 3.11.3

1 REE 7 A BOWMBHRLEROFEET NV EEHZLIZID, FHET2E B E
H5D class BBIZIRAEL TCUOBANEERFITLIZT 7T A0 TV E WA
WEET AT 0DFT L ELT-, CNNEHELLC. 1 HE% Class 1 &7 HE% Class 7
RV FE HEBRICEDFE R, TAN =280 9 BILL ECRELRDET VA
8%, 4% H DT Prediction 7 —4 T Classl 3L Class7 (BT 2 EfROHE
e, PRFHR LM AR, EAEAtEh e T DR FEITS A7, £/, Class 7 DIEfiFE
ROWERIZIVAE S OK H OB %S Accuracy fEEL T 7LV REDOFRIELLEL
\Z LD BRI A A T 572,
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2-3 FEE

2-3-1 TAICELLEX] *CNN #H B8 BEAR 71

Ml e 2 7NV ROMBERBRANL DT 2 EEGLE Y 7
[AiCELLEX] @O T~V » ZEHGEIC THR O, Mld% (Table 4) &L =7 v
Z (Table 5) DR R ¥ 2 f#H I U7 A X (Figure 18) (27w~ h LA[fRAL L7z,
Cell A, Cell B, Cell.C ®O#fifa%x (Figure 16) & = 7 /L= (Figure 17) & O#H
BARAMR A MM L7z, &Ml T —&#ZEH kL | #ERIE, ERHEREREK. P &
ZIROT,
Table 4. Cell A+B-C BRI LD AR %L

Cell_count 1 2 3 4 5 6 7
Cell_A 543 478 1117 945 1305 2178 1702
Cell_B 433 696 774 742 800 1282 1656
Cell_C 485 625 589 747 1001 1215 1001

Correlation between Day and Count for Cell A, B, and C

2250
—a— Cell A: r=0.89, p=0.01, y = 252.32x + 171.86

—o— Cell B: r=0.91, p=0.00, y = 173.82x + 216.57
2000 4 —e— Cell C: r=0.91, p=0.01, y = 112.14x + 360.43

1750 4

1500 1

Count
I
o
o
=)

1000 4

Figure 16. FFRFIIZ I DMIREEE Cell A-B-C O+ EABEf%

Cell A 1Z, FEEARIE T DI CREFBEIIIEIL 72, FFIZ. 5 HEZH6 HED
HE O INNTEE Th-oTr, BAID 543 [HENSHIAED BT 1702 fEIZEL
2o AR DOEINIA BICEDEESZFOEMAITHY, lEO—BMEN AN,
Cell B 1&., R EE T D122V TSI TR INL 7223, Cell A 13 DRI
IZRLNZRSTz, BFIO 433 NI ED |, FAEAIITIE 1656 [BIZZE LTz, HIIDE
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FCORERLI N RO 5 B B LARRICHEUEIILT, Cell C i, R BiH
TR ONTHAEITEMLU =25, B L H D LEIMOE T/ NED T, )
7 485 ENLIEED , HALAIITIL 1001 EIZZE LTz, HEMOEH T— i3 2R
MELNTZD, ZTOHBF ML=, Cell B OF =L OfIEE &b I
W+ AEBZRLTWDD, IO~ —2T Cell A 1ZE TIEARV, BfRBIZITE
MU TWD, DR RATIIRFRI 3D D EDVRIEIILD, Cell C DT —#I13, il
DL L U CRIAR S OB LB/ N SN2 AR LTS, 3@ T— A3
DRFHIA AR A B4, FRIZ Cell CIXL0MAHERABEZE I ROND, BRUT, Cell
A IO BT AR THFERE N A3 EL . Cell B BX U Cell C IFEIEICB W T—ED
2R TR O ERAGT,

Table 5. Cell A*B+C OB RN LD 70

AiCELLEX_ Confluency (%) 1 2 3 4 5 6 7

Cell_A 9.584 10.765 15.696 14.232 17.697 21.512 18.103
Cell_B 8.218 11.120 11.973 11.558 12.201 16.705 21.681
Cell_C 7.556 10.851 11.016 12.116 14.269 14.927 16.132

Correlation between Day and AICELLEX Confluency for Cell A, B, and C

7 === Cell A:r=0.90, p=0.01, y = 1.75x + 8.36
—=~ Cell B: r=0.90, p=0.01, y = 1.85x + 5.95
——- Cell C: r=0.98, p=0.00, y = 1.33x + 7.10

= = = ™ ™
S o @ =3 N
L L |
\
!

AICELLEX Confluency (%)

-
[N}
L

o
o
L

©
L

"
[N
w
Fu
w
o
~

Day

Figure 17. KR %I pa 7 /L2 E Cell A-B+-C DOFHBEBALR

WA, FICLKRER S ERRER S U= 7 VSR %itlh L 32 Figure 17 123\ T, Cell
A X, U7V OB E LB ITHEIL , FFIC 5 B B LAEOHEMNAEEE Tho
72 FIHHMEIE 9.584%C. 6 H B T‘f’zjw) 21.512%Z3E L=, D% 7 B B T 18.103%
WA Uiz, 2 7V ROBEIMNITIE—BLTRY, EO—BMEN RSN, Cell B
X, I TOVEL RO E LB IHEAIIL 7223, BINOR—ZX Cell A 1FETIEAR
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Dol FIHMEIL 8.218% T, 7 H B THRAD 21.681%ZZE LTz, HEAMDEH TORE
IR RON-25, 6 B B UABRICHEUMEMLT, Cell C 1X, 27 LV E TR ORKIE
EEHITHINU 7223, LD/ EHE~_D LN OEE X/ NSh o7, WIHMEIL 7.556% T,

7 H BT 16.132% L7, BMO@BHFCT—ERD T RN Roi-23, £D%HE
CHEANLTZ, Cell A OF —2i%, R OfREEEbIZar T VRP—B L THEMT 52
EERLTND, FRIZ 5 H B URBROBEMEEZE CTHY, Mz ERNERIEL THD
TEDIRIESILD, Cell A OF —H %, BEEOBBELHBITa L TIVRN R H Z2ERE
BRI HZEERL TS, FRIZ 5 B B LARBROEMAEZE THY, MlROED
EREL CWDZENTRIEEND, Cell B OF — LM ORGS0 7 /LR
NG 52 L2 RUTWDM, BEMO~N—A1F Cell A ZETITZ2W, BALRIIZIZHEN
LTV, MIED RERTIZERE DD 0D 2 EDRIEE LD, Cell C DT —H 1L, LD
B LR L Ca s T VOB M B NSNZ EZ R LTS, FAU T, Cell A 1
DB ML NTHEFERE /105 E <, Cell B 38X T Cell C 13RI AYIZEEFEAE 713 B AL

ThHHI LR REBS I,
Table 6. AiCELLEX (XD dk Ll 7 1R

Cell_count/Day 1 2 3 4 5 6 7
Cell_A 543 478 1117 945 1305 2178 1702
Cell_B 433 696 774 742 800 1282 1656
Cell_C 485 625 589 747 1001 1215 1001
Accuracy (%)

Cell_A class7 1.39 0.00 27.78 16.67 36.11 73.61 65.28
Cell_B_class7 0.00 5.56 15.28 12.5 8.33 47.22 73.61
Cell_C_class7 0.00 4,17 2.78 [0 19.44 22.22 58.33

Correlation between Cell Count per Day and Accuracy for Cell A, B, and C

801 g cell A: r=0.99, p=0.00, y = 0.05x + -23.90

e Cell B: r=0.98, p=0.00, y = 0.06x + -35.29 ™

@ Cell C: r=0.68, p=0.09, y = 0.05x + -24.35 7 -
.

e
e
-

g
-
-
-
-
P g
-

Accuracy (%)
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Figure 18. AiICELLEX (LA Hifa%kl= 7 /L3 iH BB %
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UL EoffilaEiis LU= 7 VBB ERE % Table 6 (Z#E%  fHEIREM% Figure
18 DEAT I B W TRRIZIERUZLDIT 7=, Cell A OFEBIFREN 0.99 LIEFITEL,
P {E78 0.00 THHZEND, BEEL Cell A OBIZITIEF IRV IEDOFENHDHZ LN
TRENT-, ZOFERIT. FERIARIRTAIZ oM T CellA @ Class 7 #AORE E23ME
ETHZEEENRT D, KiEE Cell B OFEEIFREAS 0.98, P EAS 0.00 THY, Kifi] &
Cell LB ORIZHIFF ITHRWIEDOHBN R, Cell C 1E, #HEAMREUL 2% 0.68. P
B 0.09 THD, Mgl 7V EORIZITIEOHERENRSHY, Mia3Ehin+5ic
DI T TR NINT 5 IEF B RN RRIES IV, Cell A OF —#i%, il
a7 VROV IEOFENHHZ L2 R TS, BURFERDG, MK
WEENNTHIZHON TR TR HZE034557035, Cell B I/ H~T
— B EL, MR OB TR RESEEL TWDIERHALNTHD,
Cell A OF —2bHifa%kla 7 )V RORICEDMENHDLZLE2RLTWDA, Cell
B IZX#IT AV, MRS OB a7 VR BN B SRS LB 8,
EEINRENVAREMEN S, Cell C OTF —#bfliflagil= 7 VO RIZIEDOFEREN
HHZEERL TS, 72720 AR OESIT Cell A BEW Cell B LKV, LA ED
NG, £ Cell IZBW Tl o 7 VRO ICIEOFE BB FIET A EN TR
ST, MUK 352 TAROHRIZEBN T, 3 7 /LOHT Cell B 23k
VBN THDHZEIRIEESNTZ,

EHIZ, WELY, 1HBBXIO7H B OMIRE GO FE  CNN THLILEE
HETFTNVIZEDE BHOE B % Class?T (I PRIL7ZEEOIEMEBEEZ N TR E
Accuracy fEE. AICELLEX 28E H U727 VR EOFE B ORI 21T~ 7=,
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Table 7. Cell A+B-C MAEROH| E XS E

Overall Accuracy (%) 1 2 3 4 5 6 7
Cell_A 50.00 49.31 63.19 57.64 67.36 87.5 81.94
Cell_B 50.00 52.78 57.64 56.25 54.17 73.61 86.81
Cell_C 50.00 52.08 51.39 55.56 59.72 61.11 79.17
Overall Accuracy vs. Day for Cell A, B, and C
——- Cell A: r=0.92, p=0.00, y = 6.30x + 40.08 ° .
——- Cell B: r=0.85, p=0.02, y = 5.31x + 40.38
——- Cell C: r=0.87, p=0.01, y = 4.07x + 42.16 -
[ ]
80 e [
2 .
é 70 4 -
g _»- Lt
£ . g
T o L a
§ 60 & = T ®
o =
- da L}
- Ui L ]
/‘![_,: . o
50 4 & ":’.ﬁa__""';’—
1 2 3 a 5 6 7
Day

Figure 19. Cell A+B+C I3 2ARH E ¥ L 4H BB LR

B D B2 581 Cell A, Cell B, Cell_.C O¥EEICEESWT, FEEIBRZ ST
L7z (Figure 19), fHEEfR#E P EOER ML IROZENBEIIREINTZ,
Cell A DFEBEfFRE230.92 LIEF 12 @<, PAEZY 0.00 THHZ LD, FEE & Cell A
DORNCIIIEF 1RO IEDHRENHDZEIVREN T, Ok Ri, BRIARE T
BIZHOIT CellA @ Class 7 flEOEED M L3252 2B T 5, R &
Cell B OFHEIFREAS 0.85, P EA 0.02 THY, BEfEE Cell B DRIZHFRVIED
RIS RBIT, ZORERI, RIS T HIZ-254TC Cell B OFEED A £
HIEEIRIBL TS, RS Cell C OFHEIFREDY 0.87 @<, P EZY 0.01 TH
HZEMDL, FEfE Cel . C ORICHIRWVEDOHBEANRSH LI LRI, TIHD

fit D, R IE T DI N TE BV DOIEN M L3 2ZE0300 %,
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Table 8. BF32%112X 5 Predictions class_7 B Accuracy OHE|ET —H

Accuracy (%) 1 2 3 4 5 6 7
Cell_A_class7 1.39 0.00 27.18 16.67 36.11 73.61 65.28
Cell_B_class? 0.00 5.56 15.28 12.5 8.33 47.22 73.61
Cell_C_class? 0.00 4.17 2.78 11.11 19.44 22.22 58.33
Accuracy_calss7 for Cell A, B, and C over Days
-=- Cell A: r=0.92, p=0.00, y = 12.40x + -18.05 o o
—==- Cell B: r=0.85, p=0.02, y = 10.61x + -19.24 =
-—- Cell C:r=0.87, p=0.01, y = 8.13x + -15.67 e
605} ,/// o
240— = T - £ |
220— ¥ o m— '/:‘ B /‘,‘ s
Rt I
/i: ’:—”’:’/ E_o
o4 8§ —::,_,,.:e:"
1 2 3 a 5 6 7
Day

Figure 20. KR 5112485 Predictions class_7 B{5 Accuracy &0 FHEBEfHR

class.7 DT —ZIZHEDSNT, K& R D/ Cell Aclass7, Cell Bclass7 .
Cell C_classT DIFEICB T HMHEIBI(RE AT LT (Figure 20), IFf]E Cell A_class7
OFEEIMREHS 0.92 LE<. P EAS 0.00 THHZEMNE, BFEE Cell A _class7 OREICIE
HH IRV EDOHB DD LRSI, ZOM R, ERET5IC 0T
Cell A _class7 OFEENA ETAZLE2EMT 5, FEE& Cell B class7 OFHBIREN
0.85, P fE73 0.02 THY, B & Cell B class7 ORNIHIRWVIEOFEEA Rbhiz, =
DOFERNT, FFEIREIE 51223 T Cell Bclass7 OFEED A L35 &% R L T
WA, RS Cell Cclass? OABBMRES 0.87 Li< . P B 0.01 ThAIENE ., B
fHL Cell C class? DORICHBWE D ENH L ENRINT, ZOFE BT BN
B4 HIZ 2N T Cell class? OIEEE N L4 5ZL2RL TS,
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Table 9. AiICELLEX Confluency & class_7 Accuracy {RRATFRIET —4

AICELLEX_Confluency (%)
Cell_A 9.58 10.77 15.70 14.23 17.70 21.51 18.10
Cell_B 8.22 11.12 11.97 11.56 12.20 16.71 21.68
Cell_C 7.56 10.85 11.02 12.12 14.27 14.93 16.13
Accuracy (%)
Cell_A_class7 1.39 0.00 27.78 16.67 36.11 73.61 65.28
Cell_ B class? 0.00 5.56 15.28 12.50 8.33 47.22 73.61
Cell_C_class7 0.00 4.17 2.78 11,11 19.44 22,22 58.33
Accuracy vs. AICELLEX Confluency for Cell A, B, and C
224 ___ cell A: r=0.95, p=0.00, y = 0.14x + 11.03 ]
--- Cell B: r=0.98, p=0.00, y = 0.16X + 9.60 e

50 ] =" Cell Cir=0.83,p=0.02,y = 0.12x + 10.36 22==T

184

16 4

AICELLEX Confluency (%)

T T T T T T T
0 10 20 30 40 50 60 70
Accuracy (%)

Figure 21. AICELLEX _Confluency & class_7 Accuracy &+H BB

2 fEALALERTAICELLEX | {2 XAz 7 /L3R Confluency & CNN 28 215 Accuracy
DR T2 272 ~7=(Table 9, Figure 21), = ®#E %, Accuracy 23[A] 7
HIZH3 T Confluency 2MENIT DI EN RS, KT, Cell B_class7 & Cell B D[]
WZITFERE ICRWIEOAERE o7z (FREAMR % = 0.98, P {H = 0.00), ZO#EHRIT.
Confluency 2381952 TEEILD Accuracy 23 _ETAHIEDOFHEEZREBL TWD,
ZOHEEOBRSCHEMITITEZRNRH LD D, 3T T VDT G IEF ITHETRICH
BETho,

m&RIZ CNN 2B E T V2R OMIREIT>72, % CellA + CellB + CellC
(ZOWT, 1HBE7H BOERICEDS "I T ANTOFEEET VICESE 1HE
2 A BUREOHA A BE 27 A0 TREE R 2R RT3 E O epoch 777
7% 77 (Figure 22,Figure 23), HHSIERIZ. 1B EHTH BIZNTTTH
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Accuracy

HOmkpZ=0n LR 3572 TFHITHHLO T, REAFRFRY DO IIED EHZRBD 5
ZENTEDT, —EBULEOBHREA LI DOLLTRET VAT 52880
72

Figure 22 I3, Mif@E& 5 E KFD epoch 777 E725, FEHET )VOBENRIT, 2-2-
3-3 CNN HERFEAHCoO37z classl Al-B1-Cl Ei#§ class7 A7-B7-C7 Ei{§2f#
I3
(D Classl 156 f training image Class7 156 ¢ training image &&f 312 f&
@ Classl 30 # test image Class7 30 ¢ test image &&f 60 £
@ Classl ~ Calss7 472z Prediction &3t 504 #

Training and Validation Accuracy (epoch35) Training and Validation Loss (epoch35)

Loq— Training Accuracy 54

—— Validation Accuracy

—— Training Loss
—— Validation Loss

0.9 4

0.8 4

0.7 4

0.6

0.5 4 o

0.4 4

0 5 10 15 20 25 30 35 [ 5 10 15 20 25 30 35
Epochs Epochs

Figure 22. training accuracy training loss epoch 777

Epoch [El#% 35 [El&L . training accuracy OfEIE. 0.538 7>H45FY epoch35 [ H
12 0.981 Z7~L7-(Table 10), Training loss DfEIE4. 9280 Hi5FED 0.071 27~ L |
2EE T ILOEENE TR LI, Figure 23 OIRFEITTHIZ 7% Figure 22 D53
ETFNEMERL TR F7 8705,
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Table 10. training accuracy training loss data

epochs |training_accuracy |validation_accuracy |training_loss |validation_loss
1 0.538 0.500 4.928 0.726
2 0.519 0.467 0.695 0.692
3 0.526 0.383 0.686 0.687
4 0.561 0.450 0.676 0.678
5 0.657 0.633 0.659 0.695
6 0.641 0.433 0.630 0.718
7 0.718 0.500 0.579 0.746
8 0.760 0.617 0.512 0.720
9 0.776 0.550 0.489 0.727
10 0.785 0.517 0.436 1.282
11 0.846 0.517 0.361 1.567
12 0.872 0.500 0.307 1.909
13 0.904 0.517 0.250 1.833
14 0.885 0.500 0.241 2.936
15 0.865 0.817 0.269 0.405
16 0.901 0.667 0.248 0.769
17 0.933 0.533 0.197 1.533
18 0.955 0.817 0.144 0.417
19 0.923 0.833 0.212 0.408
20 0.942 0.767 0.148 0.543
21 0.984 0.767 0.092 0.536
22 0.958 0.500 0.114 3.495
23 0.968 0.700 0.114 0.900
24 0.952 0.833 0.104 0.464
25 0.946 0.850 0.140 0.408
26 0.965 0.683 0.110 0.849
27 0.968 0.733 0.097 0.813
28 0.946 0.833 0.108 0.456
29 0.965 0.867 0.078 0.421
30 0.955 0.600 0.105 1.250
31 0.955 0.650 0.127 1.019
32 0.958 0.850 0.128 0.392
33 0.981 0.817 0.060 0.522
34 0.978 0.833 0.080 0.492
35 0.981 0.733 0.071 0.833
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Figure 23. {RFIfT517 5~

Cell A, B, C ™0, 24, 48, 72, 96, 120, 144 FFfE]DE& %% 5:1Z, Figure 22 T#

HAL7- class 1 & class 7 %

Bl HET LD

RN AT 72, TORER, i Th

OH TN TY IR class 7 0RO IEFEE DS/ NIWVDIZRL , 144 BERCTIIIEAR
HDEIENELIRDZENFBD OV, T — A EME O HM I ) {5 & 3 B L,
classl 435E/) 5 class 70 FEICRILL TUTET 2 EERICRO LT ENTE T,
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2-3-2 a7z — AR S AT

WIT, b MEERBMROEEY TNV BRI L T i—
HERBIERT 7V r—ya ik, ARTEICA Y > FLIEMRE 2728 2/
BEOVDLOTNDROIIRT OO, BWUALDOEMREREZRL, 2l Lb
& % OARIFEAIGENNZEAD D+ Rl R 2R T H N TELT—X
e A LEHlZ1T > 7= (Table 1)

B &8s R 7 7V — a3 A VO VB AR A A 2 fE AL T RUT
RLFRAATV L P31 Dl OB R AAEERHIE LT, =2 7 VRO R
fii & B EhFAIFHMZE (Table 11) (2 32 [HIEREMAaREE Y 7114 (Figure 8)
WX 5 2 & OBGEE ExpertA,B & 1 & O#]LFE BeginnerC 0 =1 o 7 )L ZREEAIE
DFERD—E A F L 7=, Expert & Beginner ® 3 £ 1X., BH{ERIZXTL T5%Z| AT,
HMERRE G = 7 VR ETHR LT,

FOFRER, WERAABICIRR L3y 7 AVERLY 3 AOFREDLNICED
il & @I~ L,

3 ANDIZF A NN— | LHERRI DO a7 L —OMBEBR AT A0
BRI T—2 %7 ey ML, HEMERE LT, v I &R
ROEREFOEH 24T -7 (Figure24 (1) . (3) . (B) ) .

TORER, T U7 VEPEINMENT 7z LT AR 2270
TV —EFII L. 2 7VEPFHEREICE W TOVERIC R LT ARE
Rl AT D EM RSN, £ T, BEERBI 2 7L o v —E Y
IR EmO =80T, EURERO L L FIORESNERE®RY T A0t
A NT T AEAER UARIE L7 (Figure 24 (2) . (4) . (6) ) , JREEIT
RIE Y RTIR O D HERE S L7z,
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Table 11. =27 /VRORTERIFHE & B Bha8 5 R

Culture Expert A Expert B Beginner C Machine

# % H/L % H/L % H/L %

1 30 L 35 L 30 L 10.79
2 20 L 25 L 25 L 10.71
3 20 L 30 L 30 H 7.88
4 60 H 70 H 55 H 9.88
5 50 H 60 H 50 H 13.36
6 80 H 80 H 70 H 14.63
7 60 H 60 H 50 H 14.08
8 65 H 65 H 50 H 14.93
9 95 H 90 H 90 H 20.52
10 90 L 80 L 80 L 26.46
11 20 L 25 L 10 L 9.32
12 30 L 30 L 10 L 13.17
13 15 L 20 L 15 L 13.28
14 15 L 25 L 10 L 14.81
15 50 L 50 L 30 L 15.42
16 60 L 60 L 50 L 17.42
17 50 L 50 L 40 L 18.45
18 65 H 60 H 30 L 13.53
19 80 H 75 H 70 H 19.74
20 95 H 85 L 85 H 24.6
21 10 L 10 L 10 L 8.07
22 10 L 20 L 15 L 12.24
23 10 L 5 L 5 L 5.48
24 15 L 25 L 10 L 9.32
25 50 H 50 H 45 H 13.17
26 35 L 40 L 35 L 13.28
27 50 L 60 H 60 H 14.81
28 30 L 40 L 35 L 15.42
29 70 H 70 H 70 H 17.42
30 80 H 80 H 75 H 18.45
31 60 H 50 H 45 H 13.53
32 80 H 70 H 80 H 19.74
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2-4 B

bt FMAERBMROBEY TV ERRICEE Lica 7 v v —H Bk
MEET 7V r—aid, ADRTEICA T FLUIEfE LA Dl v
bINID DI T DD, 5% EDOEMEEZR L, D7 & HE 4 DO
RaFRBIRE DB » + 3 Rl R 2 iR T2 Z LR T&E 2 (Table 1) .
ayINT Y —OFEIZEA L T, B OMRNE L Y =% A %— b 3 4 OFHf
EOFMIEDNICHEWVEEZ R LOD, —EOHBEFRKEZELI LG, BND
7N R EOBKREEZERPRBO b EE NS, T
TNEV—EDOERIZOWTOELR L LTIL, MIEEROER BN EEE T,
ANDFD LV EHE R XV MIRER LT 28008 m <, MIRER % A < &%
BlLTREEMELRH D, —FH, 34L& bar 7z —REMIIENE LV
T, BWEEVECEHELTWSDZ Enb, EEAPHIKICR T 238503
INA T ANEE L B 2 ERlEeENRE SN 2, ZhucflbbE48 L LTI,
AN E R OFBRNRE OB VOEBELE 2 b, BBOBIKELZ LY BT
HIHREE 8 O EFHIE R & OB EF N MLE CTH D [ REMEIVURIR S e P, B
F 24 EHILE 1 4 OEMEOEWIZIEIFER & BRI L VFMT 2 2 &R
TE., BEEOHTPMEERED @ < HBERE L s WER 2RO bz %, Eiz,
Wiz ooz — IS EANOSBICa T o —RIFRY 7N
AT AFFICROONRWVERAH D, 26 O[O I, Wi
LT, HIC L2 FHMEORIESN - EESITHATICERE N H 1 | HEEE5
DLEMERRBD b ™,

2 fEfb B LR AT [ AICELLEX | & Bta%knlm =4 B #J&4% CNN i D1E
FERILR DFE FIZIB T, Cell A, Cell B, Cel.C DWWl 7LD
\CIEDOFEEEN Bbiv, Mo tbnar 7 VRIS L RENT, B
(2 Cell B I3fbIRVVEBIZRL . MIADMEIE S 2 TV RIZE X DR RENTE
MWRMEEND, ZORERIT, MFEOBTEE T 7 L RO BUR A BET 5 _ L CEE/ 4
RERMEL SR OWFRICB N TOHE ARERT — 2o e ndH 5, K%
THLBRREWELGUE, CellA ODEIERE N E W ENRIBIN TWAD, & A I
Cell B XL 2> TWAZ L, Cell C ITHRD TRV ZENDS, TDOHBDOFH%Z T E(Z
WAVEDNHD, FIUT20D n e THEZ DR NE 2 HZ LW MaEE A2
W ETORREDE—Y A 7 VNAT — DI ) MR E EEERY A 7 Vg
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BLREEEPRELSEDLS L IR o729, ABC RIDONMLFE DT CTHERIIE
MOANEDLY P Z > TWA RS U 7 VRN L b & HIlRFEA(ER
NREL RV MaREZMET HEE N E U2 PR Sh, £45
AT = AL OEEETRET D LBEENRE I T,

7el2 L, RO EREBGRY T A, =X A= T b DD,
A OPEBHPRE 2 BRI, SR BB EERHDITETH D,

ANTHESCEBRFEZERA T2 6T, BAERELOMEEEN LV E
FINOIEMEIZATOND X222 Z eI D *, Bl X 5 HiaE 4R
AT E HNT, BEMICHROBESCHEZFMET 22T, 77U Mz
By ANbZEicky, MEBEHI AT LAOERICHEWVERREDT — X 125
D&, BAERMGOSEEEN IV RO RD ZE0NEFIND ¥, 20
Z LT, RRAOICEELT — 2 N— X LEULEROE R ICESTE DS, -
SEAMELICLY, ar I x—yg ) 273 S, BEV AT AEE
OEBMENRM ESND EEZBND Y,

PERDFHETIE, WEHMZIT I £ TSN 5 DHMETH -0, AEBL
HBEREEHHT2 2 & T, 9 6 B TTRITT — 2 2Rt TE 2 F/FLH D,
ZE, MROFT LN LR - EREUS - BT - 7 — Z T - PR U R
— MERE TCOLTEEa VAT 4 VI REETH5 2L TEBRILLELOTH
Do TRTxyia T VOEEEOHRPRO TREROETOHRTMOAE R E1T
RoNTALFEE, 7T 0 FEFAEREMRGLEERES X7 LOMRBICED, H
TEREMHMAE, iPS MR, BS Mifm, AAH A K. ALIA. &BHEf#KRE~n%
RS HAMN, MiFTE 5, 5% CNN TOFHliF L, a7 /VRIGHTREL 72
AU, MR OREIER EO TR E OB LN RIAENS, FRERbEMR7D, B
o Al FRIFHEA FTREIZA2 AU, B5EBaAM TIFHZENFIREL72D, HHZED
k&0, IRV ERE AHE OB IZHIFF TE D,
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B8 [FyoMIAR Al ZERALIaSa=br—2al BB B

RERERE DA 2= —val BE 2 FRERE T2/ EOME S OHE I
DAL > TND, A F—RXy N —IftENaia = —Ta EEDKRRKE
RO —77 T BB E IR OFRLLBICHIAL THDF vy MERR ALIL, ZDK
FHCdoTidaia=s —a AU BRI S AT Re 03D, 2T, R —REFI H
P —EAIVRoid Studio] ® 3D BOF T N\2—DFKEE BOTOFICLLER, VT
WEADEETELRFETF AL 3D BOFT7 " F—DFRFEZEL T, OpenAl
Chat-GPT LD AN EFFE TERRTHH T Lyh PCUAT LOT UM A T HBAFEL
2o WD FEGTZHITH LN T VAN B EFBN T AN T, RTT4T7 T
ST 4 NDOFEBTBD, TAZ— B MO W RaARA T, ZOT ahZ A
TEFMT 5720, aa = — v a B A LB ER L CTERT RE/EIEIC
OWT, BREFLAEZHNTXOERS AR EAE T IREFE T L ThHD
Google BERT (Bidirectional Encoder Representations from Transformers) Z2 T, B
BEOEMERIFHMNZAT o7c, FEBTCHET NE—LDEFEEX DT ¥y MERR AL TN
S —DTARRIFATER THOIRMI RO T B M AT 1T, +EBIDBELEEL .,
FELGHINRATHXLFHOT AN — B EPRBATDIEE IR EFH N R DHE
M3 >T2Z 8% ZIVNBRBITT 2, SBIT, RIT AT 72 EAE LS LAY IE O
Fx, FELDRISITRFEZZEL TWDINC R AT Bl >V Th g, Zib
OBEI\CIVHESFERIRAREORWEICEREEZ T Ll HIFEL Al T3
—LFEBDOHAIER VAT OB EMNZ RO DR FTRERDOLIIAToT,

3-1 FFE

W, A Z—F bR IT/AL HfF DR RIZED, LB HRBEREITRE<EL
L T s, ZHo L, BRI REEEMEL L, Ax OATERR
BRI LSRR E L T2 LT, HRBRE ORISR B O EE =TT
FELOHEaIa=r — 3 al FRRICIZWL O O RIEN I A L CRIZ AT REMEAS
b, BARTIL, — IR BERRICBWTHERER L O R E R E OB BIEF]
MEMLTWAZEE, FEONFOIENHLL o TV DI EITR> TND I EE R
BLTHADNSE LIV, A X —F N — L7 TNV EBUEFELRILO
Flnaia=br—al A8 AL 23 GnFEHIEEHBRBANICRIL LT WTF ¥
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VAR DR AR > T, N ANZ DRI T O XN D TIEOEM 721
REAFFHO—H T, dr 2RIV ASCRIEROM AR ZEL TGELL TEE MRt
BREOFEE 2T EL BRI RRNTH 72007 N2 EL RIS U TR ¥, OpenAl @
Chat-GPT (FERUAE A Al OIRFEAVE AT, RO NH DY — v VIFHRINE
DIATAZANERZ T2, ZZTOBEBELELT, Ty MUARBIO LA 250T
747 ALIE, BRREFEEERTHOOUTOEERFICOWTHLN TV,

12 BT ANSNZHEEOSESFR MO BERE IR TEE 75700t
WNTTTorvars A=A LER A L= a2—F )V 2y NI —2122-3< Transformer 7
—X%T7Fx M THDH, TOWEITLY, AT R ANEEL  @OREE AR TS
BENDRLTI-bENTZ, 2 D BIE, RKEDOTX AN, —#2HANCEE L (ESBOLEAE
LG — BB FEDAATROR AV EFREL T, FEDIL THFANTH
JVEWBE CIGEZERTHIETHS ¥, LT3 DHIZ, 2—F — ANEHHTL.
BYIRRISE AR T A2 0 A IRS TR (NLP) HifTi Th b, ZhuTid, ILHEFEME
B STEFRAT . BWREEIT N E 0, ZOF LY — U % 22— —DFENBIELFE
OMgel T, R0 L@tk URAR Ol F 2 Felalff 2 70030 B 2 LU TR, —f%
FIZRAEIEINOEE £ T, HOLWATEIRICHEIN TG 7™ cnboX—77 /my
—ZFZBUIRER, 204 Al 13, SFEOREEMUE D RINE L ERTD,
— P —NRE T DRI VN ET D, FLWT —F207 ¢ — R 7 |2 S0
THERAIIZZZE L, IGEONEZA EXEDHL00) 3 DORENICES T, BEV=—
P L CTER TSN = —arv e —RIICER T ",

B BRI EFHR 1T YV — NI Th-oT- LT, THICESCT R LS
INZL > THEHALSIL T RE O ZE M7 & NERIZHIREZH 1206 L2000, 0
BEENFEETLESNDLDODFEEEET HZLIIRETH S, YAV TTRELDTE
HEORWHLW IT V=L DOTFRAmEAEH T2 T, FittRoa3a=r—a%
K2 B REMEARD I B9 0 —F—DREEXRER T4 T EIIFRTTA4TIC
B CELT N —T L ROFECHMBI G R FIRRELRR TEL4T Ly
N PC B LTz, (FABZEH CTHL OB R EEL TR — N 572D DTRAA R
TEWMRZHAEAT), PC IZF v NEF TRBELR R THIENTED, HEBED=I2
= —2ar b= T EILIZH R =T L7120, TarM AT = AZiZI T v
AL TREEER T BILOT X AMRFE T 288803 B S 7z (Figure 25) , ABFZEIE,
I BANEFTDOFEL=HIZH LD IT V— L &R T HA_UNTRERSN, 2L
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7= 4 NDTFESTL N B FEATE 7o M AT OREREZL Ea—FTH2LT, a3a=
r—al BEEOERICERRL . tiEORMETR TR T DA REMEIC OV THRE T 58
DTHD, TF—EFECDOHAEMZTAND72DIT, BILSE R M O BRI FEF B
L, ZI - XEERESINEXEOBAIIZEDEBIE, F7213T 50O B iF )
MEICL > CTRADMIFR AR AT HEVIEHRATRIO T T, XFHRERELT
DY —LORBIBIRE R T D2 La i T, EROHBHRGEABS TIHERALS
TV SRR ChHHLRFEINEBILRE M AR 2 BIEFHIE VO EEEE | 7% AT
\ZHLT AL TELNARIE DT 7V E B LU BBERBRO A ELEST-,

HEL 2: KT L —3—7 (<L F AT AH)
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-2 Hik5—H
3-2-1 79UKFvvh AL3ID 7 3F— AT A

ZOVAT LRFFORER, SN D UI/UX A A= BEOEDOBRD 3 O7m—
Fx—h% Figure 25 (27~ T, & 7 adaek (Browser Edge) . =EHAE AKX (Azure OpenAl
Service (GPT 3.5)) . B 7= a8 Web Speech API (Browser Edge) . pixiv 7 17 "N i@
7= I AT 872 VRM E7 /L (B HST (BHET /L)) D 3D TAZ—FET )L
(Three javascript@pixiv Circle / 3-vrm:ZEEN) 72 DK 2 — Va2 E LTV AT
LTHD,

ABFGEDE 3 BN/ —h PC FAAZEEE L TR,

BT 1Lk Surface Pro 8
S IR TABLET-1RPCO0DAS
7t 11th Gen Intel(R) Core(TM) i5-1135G7 @ 2.40GHz 2.42 GHz

FI= RAM 8.00 GB (7.84 GB i JI T hE)

FRAAID 0A1AE208-F584-4AE0-AA9E-3ATB22148B46

ZFug 7D 00356-06253-43437-AAOEM

VAT LADOFERE 64 B AR —T (T VAT Lx64 N—R Tty
R EEyF 10 #vF IRAL RN TOEHTF O R —h
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Time and words spoken by the avatar \

by the child |

Question List

Voice Output API
3D avatar behavior

Data Set Acquisition
atrained model

Speech Recognition API

l Tokenizer
Conversation Generator APl |—— Trammg

Data set of
Emotional Analysis

Figure 25. +EH 07 B, SEOR A 2 7= Chat-GPT 7 /\F—

3-2-2 VRM3D &7 /L3I H| 1

VRM (Virtual Reality Model) iZ, VR 77°Ur—Tal A D 3D 7 /3Z—T7 7 A L
Thb, BAFBEOZORNIT, b7 Iy N7+ — LM OMAERMLZEHRTLHL

INTEREFSIL TS, VRM OFFHIT, SESFR AR THEMATES 3D EF VB TH

Do ZHUTEY, THE =2 —EER T BEOT Ty T+ — L THEMHTES,
VRM 7 7AW E T vem IR F2FFD | gl TF 2.0 ([ZEESWTRY, pa AR A EE A
@fdb@%?l fﬁﬁ&“( VRM T —HZRET HIENTED, pixiv T VRM £ /L%
CiE I Al Z three—vrm A7 ZV&HEHL TA, ZOF7 A7 ZU1%, Three.js &
rﬁﬁ%k/a\zbﬂif . VRM 7 /L% Web EIZFERBIOHIET 2,
HEARa< 8N UITOREFERIL, 3 20 VRM Z{FEHL T VRM 7 VA2 #H 357
HDFEAR: JavaScript < RIZBT LD THD,
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3-2-3 N—VFIA B~ a3 FRE

F¥T77E IR T —Y =TI RRER - T 57201, 4400, Filn, MR, &
BR, 8F i, BRI REE T 74— VIEBEZRET DL TT A —DEMERERE
RETHILENFHETHS (Table 12),

Table 12. 7 \Z—DHX T/ Z— /"= VFTFA Xa<v R

Fuz —N | awsR Hee

ARl SetName("Character Name")Sets X ¥ 77— DLHIRTE
i SetAgeSets XX T H—DFEEHE
eya1l! SetGender("Gender")Sets XX T —DOMERIEE
H& SetHeight XX TIH—DEHERERE
{LNEY SetWeightSets XX T/ —DIRERE
a0k SetHobbies(["Hobbies1", 0T H— DR

"Hobbies2", ..])

5253 SetSkills(["feat1", "feat2", ...]) Xy T I H—DRFERRE
E=E"H]y SetIntroduction("Self-introduction") | ¥¥727%—? H BN E
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3-2-4 TN —IFRB o~ R

Chat-GPT OB F AN E HWT, TXANPDRFEDKIEER T 47, A
TAT . =a— IR BI T A EAIZID TANE—DRFE AL T, JavaScript =
<RIk, Table 13 (27~ 9 [ Neutral | [ Positive (BT, #§%%) | I Negative (ZEL #) |
[Negative (&Y) | 4 DOREIFE T, 22— —DFELFIZEDLE T N\Y—DRKIE
HERDHIELTREIC LT, BAEOFER TV —1%, FI3BY, BER. BERID 3D
Thb, TNE—DREORETIL, T —FBPDIRNTD | IRET I AT Tk
W5 % — ISR ERRBE & R T, L AERYVOFRE TII T EN 2 RIE
DHF TR & IZRE STV,

Table 13. 7 \Z—DEERBLOa~ N

TRNE—DFR
RIE avR
&
—a—Rk7)
vrm.blendShapeProxy.setValue('neutral’, 1.0);
ROTAT
EO vrm.blendShapeProxy.setValue('joy', 1.0);
A vrm.blendShapeProxy.setValue('smile', 1.0);
\‘f
RATAT
PR 2% vrm.blendShapeProxy.setValue('confused',1.0);
FELH vrm.blendShapeProxy.setValue('sorrow’, 1.0);
)
vrm.blendShapeProxy.setValue(‘angry', 1.0);
2
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LT, =Y =N RITEE TT I LESTHBE . ROa< R NETEND,
[JavaScript DFCIN]
if (userEmotion === "happy’) {

vrm.blendShapeProxy.setValue('joy’, 1.0);

h

[FERIC, 2—H =D sad | EFHE RO RNETIND,
[JavaScript D FCIR]

if (userEmotion === ‘sorrow’) {

vrm.blendShapeProxy.setValue( ‘sorrow’, 1.0);

ST ORRERRALX AT/ H—DORELFAMSELIL T, [FEARLEDERSHEA
92N TET,

3-2-5 IT #HEREARUMFELTEORER S

HAFFE7 b id, (A RPN —ROT5EE T Z B 2 (2023-064) I W THFES
AU, EBSNT, TRTOMEAL AN—L, ABSINZ T abaV 2 EB5F LU, FFEE
=5, 2023 FFKICILO R T 2 [FITH7ED, HLW T BEY — L EfEI 15— KA
BA MR B L 7o, ABHASUNTIE, EEEAER Al ERFETHZ T Ly MNIT S
B —%Z DY TR U, 2 AN A FFAEFETO 4 N\O/NFEDBO1-H, FDH
W THE—FEITHERBICESINL BEOITETA—FT I TV REZ U MDILHE
DN CTaMN AT &G — DB LN TEAT,

3-2-6 ALEEE AT ERIFERTHI SR S DI B R R AE

ARSI Al TANE—L 4 ADOTFELEORFEZINERLTZ JSON 77 A/Nh, &
SRS R HRE T 0r 730 7 a— RN CHEMEH L., Excel 77 A VICE#LT-, T
DT —Heymnb, THRZ— T EH L OBENERFEERFEX YT 74— DD
LR UAERREAH A LT, BTV OSBRI, MERIREZ WO, BX
WEREANT, TAZ =T Eb N R T 58 B ELBESE R EOFICHEBEN S
HNEINEFEL 72, BEMEN R HEN5E, REAEERE~O AR & ST RIC
B AT DR E R LSATEIE, LR EL,
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3-2-7 BERT*J&IE oW IS B IE) A FrfE] g

Google 73 2018 RV —ALIA L ZT 7T 4T 128 MR L E7EE 7 /L Tdh % BERT
(Bidirectional Encoder Representations from Transformers)<°HASFELIRIZLD,
DEODBEONT —F5T7 74 Fa—=U JICEDLERMSBE ol 3K
FRAATIIERTHIENTES, SUIh—7 Ak, BT — 22 o0 Tk, AL
HBE (AN EFNET =22 B BIOCERTEODI—T VY — AT Ty T 3 —
AL TH5 HuggingFace ? ltygiangz/multilingual-sentiment—datasets | Z{EHL T, ==
—INERBET N EBELTXOHARSEHERTRILL ¥ FALRFH A S BLHE
Wr2e 7 )L —= (https://www.nlp.ecei.tohoku.ac.jp/research/open-resources/) 232\ Bf
L7 H RFBRRTAF T 47 D B AFER [ cl-tohoku/bert—japanese | T#E L7= BERT
BTN LU, €7 AT —%7 7F ¥, JudD BERT EARET /VERILTHD, 12
DLAY—, 168 IKTLOFZAIVIREE, BI2 DT T var~yR, F87 —%(3 8000,
TANT =813 200, Ny FHPARXLTRy ZHP AL 8 L 1 Thote, iREIN=F
BEHRETNDONTH—< A, EFALS IR BT A AL CRRHiis vz, 5
DNICET NVERWT, 4 NDFELETANZ—LDOMOEFEL DKy N, ROT ¢
T ma—btI RAT AT D 3 ODREES N— T3 T T, FLT, TAAZ—F T
F LB OBIENEREENNL. BE I3 FOFE T/ v —7"C, §ER), FILHY,
BIENIE 3 DD RRDEIE T L — T B CHB S, R BIB RTFEA R LI,

3-3 ik
3-3-1 T /NF— - Eb PRI A R ] L

ADFELEDENRFEE, Al HEIOF vy MU AN—F ¢ L —F—IZLDH5W
LRIBICEE TR HEAMET LI BEL T, FELEA—F v L —F—
BT OEFEFIGEBERREZEFELL THRELI, DT URT A ELT, Table
14 13, FELETNY—DORBIENE RO R LEEFEL ZNENELDTZH DT,
TE—DINERRDBFELDENIOBIIDNITE ST EZRL TS, BIER
JEDIFELERERZEIL, 206 4 NADOFESEIT 2 —OFHEIT, Tt
9.5 B E1.0%, £IL1.0£0.2 ThHolz, THF—DIREELERHE D, FEbDINE
BIERFRIZ B THY 9.5 & KB AERES Lz,
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Table 14. BIE/ AR R HEHERZ [9]

F &b DRERE_Ave+SD[s] | 7/8 5% — DRER_Ave £ SD[s]
0

Child_1 10.6£3.3 9+05
Child_2 85x1.1 0.9+0.4
Child_3 10.1+56 0.91+0.3
Child_4 8.8%2.1 1.3x0.4

Flo, 4 NOFELET A2 —D A RFBEORGELFEXHE(Table 15) L7cLZA,
4 NDFEEPRF LB LEERZED 8.4E£5.2, 7 \F—NHRFFE LI HARFED
HFELTFEN 32.6221.7 THolz, EFED t-test IZX-oTEFHESNZ, FELETA
H—OME D p fEIE 2.32E-09 ##xT, TAF—RHELLELFORENBTFELIILH 3.9
FHLHBEIZSZW I EDERINT,

3-3-2 BERT-7 X ANEG ST T /VIRFTTS

HAERZE B RS FELEIIEY L — T (X DRBUE D IAD T2 BERT 2ok
B E T L DMEEIC OWT, B EBEDF —F By MIESE RKIOF 4T =
NI\ AT AT DB DT BRI A FEL I, BARES NP BE AT T L0
INT = AD IEFA S NTRIFTTA% (Figure 26) (27~ 3, HEREES ERIRX
BIliL. IEARDNKD 90%, FROFBINHT 0.01%THHOIRIL, HZOFKBIL—AZIOICIE
FEDK 64%, BEOFEANE 0.11%55 0.19% T o7z, FHTFAT ERITF 4T DFEFH ., W
DWW HaE ] DREE SV DIZHTL, =2 — 7V ORE MRV, SEVEHLHR
LVIHZEIE. A DORIE THATI AN TR T AT D DOEBIEE RN H\ O FEU R EE
SEICBITORESEE L DL o — N SANER THL- DR ARL LB SH
LREMEOHLER THILZ LRI,
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Normalized confusion matrix

positive 0.01

neutral T

Actually

negative 0.01

neutral
Predicted label

Figure 26. &7 /W PERED IEHYLIRIFTT I

positive negative

3-3-3 HFE, EIEF TR JOBERFRIELE T —F b

Table 15 TRT I, 1 ADFELET ARZ—DIFRINIZT2T F—Z vk
DEFITHHINT, 4 ADFELETARZ—LDR OB DOEEEET, BB EDEE
H. BLV BERT FAIFEEET /WL DEE L OE By MRG0 HTiE R A BD T,
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Table 15. +EHLET 2 —DFT —% B D

FED TINZ—
TINZ—DRFE EFERFE 5] FEHLOREE EFERTE s

ZAILBIFTRICLT
ZAICHIE, TRICLTS? positive | 8.513 %7 positive | 0.535
EW, TRTY ! neutral | 8.522 =petm positive | 0.603
WhiFeTdhELVEFRTTA neutral | 12.993 Eh? negative | 1.196
ZNIFRILTT R Z DL I ATE
ZEIDIIRCHY FHEAMEFZ
EELEL S, neutral | 6.443 Bb neutral 0.873
HBFEEEOITH L5 BEEIRZER ffAI? Zhbh oy
LR L, negative | 10.686 R neutral 0.678
THEEA, APE->TVL L P2 Ao pEE L ANE LT
EHYETH? neutral | 19.262 - neutral 1.503

e ZRIE EFNRICOVLTEL
FL &I EFHREIHNGHR
TYBIRRE AT 22T, A
FOMBPRER EEZEENICT
BT BT EeEPHELWEINTULE | neutral | 10.604 Al ? neutral 0.622
T, INICITEENBERHNED
S TWBATT L, EEEAHN
i, boeFHLLKBFELTEET
A, BRI ARRLTT,

T — neutral | 9.145 BIEERL & neutral 0.901
ERNEER L, neutral | 6.688 | B &> CEML L, neutral 1.074
LrotBREATIN, £5L | neutral | 6.617 BT AR &L ? negative 1.176

TZDEIIZRLBATEN?
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3-3-4 JEIENSE K] - B EEHOHBR AT
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Figure 27. 7 /3% — 588 OBIE IS B REE &K 7 X ARDLFHL

BIEEIFREET Y T — A MABGREL. U1 (p<0.05 F721% 0.01 K OMERIL
BEEZEZHVELIR U1 DFEFIZ2 oDk LEGITHRRAL L,

A) THRE—DREEISEDE L F EH OREDFEFFEER DB,
T NG —DRBIESERE L T 37— DFEFEEFER O BEIR,

B)
C) FELDBIEISEMNEE T NF — Dtk DHEEHEFELR OB,

D) F &b DEEISENE L T N E — OFEEHFER O B,
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TG =R T LU N X EZE L TULE T LRI T X AND &EITKET 50 E
IINERRETT DI BIEIC AR LI B LT FANEERFE I NI XOEED
MBS & MR REREE T VO EEMAEGRK. U A, BLOWERTIT -7 Figure
27), =DFER, Figure 27C 128\ T, FELOBIELE L FELDOEERIZHT5
FEEAVTLUEAR (v = 0.1184 x + 8.6128, R*=0.0402, p = 0.221)3 X Figure 27D 123
THFEGDRBIESE LT RZ—DEER) (v = 0.0195 x + 8.9759, R? = 0.0191, p =
0.402) i, FRBIFREL, R® fH, T3 7L DOINEEIERH SO OFRBIFREL, R® fE
X, BB THARUED -T2, ZHIZHL, TAZ— 0 R BB R S S (b 51
BAFEMIZ IV TIE, AR ALIZE DB ALIRIC - TRAE | 587k, TR, IS ihvH
FOREEEVMBEEGRRHDZENHALNI 5T, T — DR ERBEEFELD
=% (Figure 27A: y = 0.0347 x + 0.6845, R*= 0.163, p = 0.011%) B LT 7 —
DEIESE % T 32 —DE S (Figure 27B v = 0.0106 x + 0.5928, R*= 0.2511, p
= 0.0012%%) THERLIEMHRBEENROLIZ, ZOREFIE, Al DSEEBHIEIL 727 %
— DHFERB - TR O LIRBEREDY . LY BT — SN A = X LIRS T
HILERBELTWVDDITXHL, FELDHFERH - PR DL T LADR S5
LIS TODBZEERIBL TN,

3-3-5 JEUFHIRAF R B AE I B R S D B B D LA

AR IS BRI DRIE IR F 2R ATREME AR 272012, BERT (245
BB T IC Lo TRIE AT DR E SN HEEZ B OB THFELNHEF T HI0E
PEIERFR (Figure 28A: X)), 7/\&%75)%%?@‘6&%(Flgure 28B: T \FZ—)D Lk
B FT I FERR UG A T 2L S 2 Z B LIROFE R ZITIETORE

SEIE R (Figure 28C: 7 "\2— DG Z & A :é% KT D ELDFHFERIL),
(Figure 28D-:E%@4§ZT§%§M‘:“§§% IXET BT AN F—DIEFRIE)IZ RIT TR
PHERT DD, ROTA4T  =a— T ZHT4T D 3 SDEIES N —FRT
IN—F F'Eﬁttﬁfc%aiﬁ&f:o FOFRER. 4 AODFELLBOHmEMELL T, INEEER
ML, ROT 47 R EEAFELT-L% (Figure 28A)°%2 1T B 722 % (Figure 28C)Ic—
EENZEL =2 — A RBETIIRLRAERIGRREN R H o708, ZOME ML
HFE L7 "% —(Figure 28B)X°%z T Bi>7- (Figure 28D)DIKIL TliE, 4 ADTFEE
=G 7Ry WAvINeY
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Figure 28. JE&[HHIEFES L —7 <B4 G - REE

A) T NE—D A DFEEDPOLTFES DIRDIEGEE TORIERFH
(FELEABETESE . RO TAT ., =a— NN, XHT47)
B) T-Eb DE I DIFENDT /3 F —DIRDFEFEE TOIEAERER]
(THRE—BHEPETEE . RTTAT, =a— N, XTT47)
C) FELDERIUERFH]
(THRE—DEDREZE R TAT  =a— T, RHT4T)
D) 7/\Z—DIBIEREH
(FELDEEDFEE R T AT, =a— I FHT4T)
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3-4 EBE

KA T B AT UM ICIT BN T, Ty MERK Al 7Z—L—fRDFE
TEHEDOEFEICEET LM% LoZBREHEAEH KL, [T/Al OFBMAYREH 5] &
T RO = — v a BEEDYVAIERREL SO, HEMEELBRT
LD DEMFELED L a R I 46.47, ZOFLWAER Al Y —Uic k), A2
BRI A _ESEDT20 OB LW TR~ 208 OB AT %@JV)F’aﬁG?Wf%ﬁof:o
PR F CRFE S CORTCEHE M R SR A R L 3 2720 Iz o R0
DARL AI/IT i, mase e I A _zbf:é%ﬁ%é@f;uﬁ@fﬁanﬁiz%v
— &L TS FESTH DM, T 7REERUICZOEMEBREICSbEND L,
A7 BN B 2 bNDFREME D B D,

T 7 HIVIRIE TOT NG —DREIESER R OFIL, FEBTZHOR 10 fF3E)
722878 Table 15 ITRSITVD, SHIT, TAZ—DNERTDHTIANDORIZTFE
HLIEHOK 3.9 FEABEICZWIERb -7, 20X, HEICHEFE U EL 52
BOZNDFEE D/NT f— < RTREREVD DL LT, FERD AN % OFER
Ipala=g—a RENLITEEWE THEESN, SFFICBT2l A Da3ia=yr
— X —DFEFVA LIS B OBEM BB NV TEEREREEZDNLID, KIS
HERE DB S B OB TROLND %,

Figure 27 [T RSIVTND T NZ— &7 U 726 O R IE S R & 58 58 SCFE D
BARSTRIL. EEMIRFFBATRDZ LA HRVEL TEY, TORE R, ChatGPT (2L->TX
BLEI DT NF— (32 B LOREIN T SRR EELAL TWDHTER DD
7= (Figure 27A.p = 0.011%), ZBIT, T F—Zh o TAERSN I CFHITHIREFEL
TWAZENREIT- (Figure 27B. p = 0.0012%%) , 2Ll AAFRARHIZBEEL TD
EEZBNDD, FEBTBITITABERKFERII RO Tz, FEBTHDIELE
JSEREID E B EIIT A — O FHIURFEL 2N, DAY ZOBHES

EHHATEDLZHERBHIEEZREBL THDEL LR, 2, 73 —0
Figure 27A 31U\ Figure 27B 123511 5F B/ B BRI RS AL TV D RTREMEAS
H5 M, 2L, B OB IOME MER T2 EFERICCUICBIERHE D, 78T
J;W"%fﬁ YA TRTZEND IR O R Ry N — I BT S, L0
IRRSREDBIE OBFAEZ TR L CWODATREMENH DM, SHZRDRFEN R D LD,

ZDRE— /LY AXLVIFFRDIRIFIL, AFEDA XU NTRAREE ST 4 ADTF
EBTHLIETICHRT LD THLN, — LS RIEL T, FEBTLHLOEEDO—
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— D% TE (LR, BN OB ORI TR LENREEIZ S
WTHINZL DG EL > TR T2 A, B FE BERT 2 W= EE ST
ERRIEINDATSTEbDTHD ¥, FEETEHDAZ I~V AERSE . TVDHREE
DXLFHELTOTFAMOEIL, BIHR D Figure 27 DX T AZ— D AR OB
TEEDTMICEEL TCWDINCR AN, TFELDaIa=lr—a B/ ETETD
TUBNVEMOFERBRITIL, FELFOF AT MERE ORMEEMEITL CEL
AT HEFRBMFER, FNDOICE SV TRIEEZ D ETLFE T LN EETS,

Fio, 22— =0 DI EFFEAMRE F(OIHER, KEETIEE, Mo LEX]
(ECG) 72 L2 W TG A T O FIELFET 5, SHIT, T AN, &F., HE.
ERIEBREDBEHE DY — A A ALY CUEEEHR T HELL T, /LT E
— X NVEE R TN DD BD 2, R T a2 A T HIO LT, 155
ITAT IR NAT AT ET T T+ — &I T DRI DOT T ra—F LU T, AZ/NI—A
EEDRBUMEAZ2E P IVENEDH LR LR T D~ L TFE—F Ve 3 RILZE
EHIEE R AR EHIET, AR ORRMEREE LHEZO Ry N — 7k L
KGR ET AR RN DD, TV ar <o 7%, BE IT 280 THER
BLOBHRBINTNL 7,

VAR, FEEECREREDHD TELI-bIL, FEET TR, B 20 AHBEGR
ZBWTHLEZ<OREICERTL TV b, ZNOOMEZRR T 5720121, BB
V= VAR NV ERITZD O EEZ LM TARENEE THL, ZOMEEHERT S
72O, FRT A — A Z— BRI FR 2O 2 sk T/ — v /LA
FAUMHED B - WHESNTND P, =Ty VAT — =0 713 IEURRE LN
FE TR ABMROEM AT IS W GHEEDDIRNICE 2| (TEIT28E %M Lk
SHAZLET, FELH B EPEBIICFOT 2RIV Z e iIfFS LA, L
DL, —MEYRY — 2 L AF UBHE TIE, BRI LETHY, B FIICZ
AUCEM T ZE D TEDREE SDICREMZRIKCENEETH S, AHFFED BRI,
FEEREPWR, Frliala=r—va BEERORICAITaia=r—a e
DA EIZ2ONT, R Al ZHWET AAE— ORI BT TR BEMECIRE A R ET
HZETHD, AFREIT T HOLRAIGRE N o) | 5% DR ZEREE~DISH ]
REME A EEITRAEL TUWTENRD LD 7,

Fio, TUANMEBEMZ T AMOBEHEE T 5T, BEMIZFEE LT
HNLHGELEFFD 1T aRT AR, EPIZEAEATDNTND, ZDFER., filx
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3, & OEKRER OEFEREE DRI EZHDVIED H72E | AW LR O KE7R
EWICE > TENE TSV TV BB ZE DY | AR OTEEN S Btk 28 2 51E
AL EDEE2LTeDD B LIV, —FH T, ARIDOIEENIRDDLER Al &
BELU-T OV, ANBEOAZT7a BRERIZRD D25, ZIAAMKAR
TIEDFIEIZ DI NDIENRSIINTND, T2, FELTENT XL — b
DIRTFEZRD |, FRITITH 22 E OIRZ e S ARE IS I D72 MW AY A7 D
WTHELOMERHD, 7Tl EELVLENE ST VAV EBERO=2—
TINHY N =7 TCRETHIE T, EMERE TN LEET 5T T a /W) D7
o TLESTIETHMOBEINMET 2R E . KIFEDORIEN R ELFREMENHD, Z
DZEEEBRITEWC, I bITEEAROL | BLEEM A EMEEA G bR T
FLWHEB VAT LAOBRBNRE THHZLER AT 8,
RO O FEEE Tl OB ITEREIL ~LZ [\ EXW 7208, DTt ES
TR FTIHIL TODEWI LD REED DD, LU #EEHFERIBNIC
L7 H LB AT LT, EOEBLVE I ICEHETH LN, HERIT )
FTOBHEZITRET Db LIV P FAeBid, HIERRFH O EMmIZB VT, %
EHATL, L, M ESEDEE OB R METERL TWENEE 2 TS,

ER—RFR A Y —E X VRoid Studio] ® 3 IRITTHMET 2 —DRIEND, BiED
FILLAER . UTINHALNHEFECEAEGETHAN 3 WL BT ANE—DOREE
U T, OpenAl Chat GPT ED A F1 & EF TERRT D0 eE AR Al Z W27
Ly PC VAT LADTa AT A FERT LT, IO FELT-bITHLWT V4L
B AR T DA, BIEA TSI 4 ADT-EQTHD, TR3F—E55y
fDBENTF v M LTt a i Tc, ZOERK Al Ty MRy b7 ahy A 7 %5
i3 570, BRS B LEDOEEFE €7 /L ThD Google BERT VT, £+
EHTebET AN —LOR DAz —ar ENESERBLBEORY T 47, =2
—hI R T AT 72 O DB AT o7z, £OFER, Fry MERL AL 73
S —DTEEIRAR T a N AL, FELIVBELHELS, TVEINETAHZEn D
ST, TAF—OIREREMIL, T —PZIT o TRBLIZFELDEELT A
—BHH DAL —F TREINDLFHIZL > TRRDEM D H T,

I, RV TAT B IV =2 — MV REIEONRIZ. 4 ADOFELT-HRX
JISLTXEEEY, T —DEEEAZITRVRBER T 5O B LETHLIII
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B, FEbETF—OW T DOISEEIERRIL. BFaia=r —ai{lBiT
LELORBBERELTRITOHEELL TRIZLODB LIV, Zhbo/—MNE, 3
LIEIE R O S ARIMEDOEE D= D Al T REZ—LFELOMEAEERL AT A
ZBAR T DI DRDAAROE S LU T, ISEBIERFH O RIEL T 2B E L -E=
H—LIREFRED, Kaia = — v ar XBEFEMEARE L TOOEDDBEMAETITA2
P, LIRET D,
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B OISR ENE G T DEFDBEMUGET D, RO B R BN A
OB IHFINTWD, FAT-HIX, Fry M Al ZIEAL T, fIETOH 5 EE
ST EATIC R L, TR RFEFICOEREO LB ZBE T 5 EEEOH 5 LB D
FAREAZBALUCEEE TR T 2524 T Y FIZITSFHEOME O E O LR AL
T CEREEME XETEREE2ED TN AT T TIORFER T, HFEA
RN MEREFE D EEII = — L a  BEOBEF BT, ZOERA—RIC
BRBEEZELZHEN, TRAMEFICED T VAN Ay TV B SRR TEAT vy b
HMIL. L DZELTHITRITDT P2V A~DEFEO EZENDL T — I 2L —b
IRBBFEIRT VIS RAAENS,

—F T, TUENY—VOBRIRIRELD BRINE, NEOEE VAT AIBITHT
DH VR OIERRER D7 L HIUTV AL HD FREME R H D, I THx
X, SEIa=r—ar OPIENT DALV FREM LT, BT OT A E—LEH
T, LA Fin, BRO, RYPCOBFELIRICEAWEIE L2 T 0HREE NS
FIRR I E B RIS OB X D RO S 5.0 B 50 e oG5 EE
PIAEBERENET LM AT ERIELTL, 2B L8 ETOREEEL %
TR E T —ERAERZIT WO REREEIR 144 BIO, 7O LVEH B
RN T DA N TEEBIZS MU 242 3 TL TR, 0 WS 45
ZET, REREROFBIHIEER AT, TORE. BFTT A —~DEEIZEK
0L DA OERKFIOR THEAZFROENRNIE, —H O Z &G I3 R O SR
HRICHBEDLLT LD LWF B EEZ R TR RSN, V& ETEE
VAT LR A~OBEMHREREMEL T AETRE T2,
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4-1 FPEE

FFERA R AL I, VT NEA DR FELTENEZ T T AMBL 22— — 0 iR OR
DRE D DN ERRTREL 2D T — H R — 2B U D 7 [ D5 A fE
L7z, F-, £FERARET L OHEM AN ADEEL AL | £ 0B
HEEEL IR SN QWD JEERIA AL Al 2R ALz a2 = —Tar 770kt
> —% Bluetooth THEEGL ., UT NVZAALTRIBISELZENTES, LIEEIE. —
EDORFENICOIENHE T2REOZET, BFEIL 1 o OEE bpm: ( beat per
minutes) CRIL T, ZOBFFE T, LA ESS 100bpmE B2 -5 A ICE5FEHIE
MU, FEELZTIoRFEE & Al DM FIGEL S DT FAMIR A2t 5027
LOBRFER BT, RLAR—bO BT, FFROEIERBRO D DOFEED T 1 hF A
TERSERSEHILETHD

HIE T D0 EERAELOFE MO T, — AN O EIE, DB RS T iR
ZEVHTEROMEBOBEEATE T, (OlE A=) T 25 OBRICIRE (IR
) AL, ZORBZRIE 20 REEORIE Th D, DI E NI I
IXRARDEREFFON, EANITRARTBEL TEHSNDZENE D, 2, Akdaik
ELTHENFRRAIEL CRICEBIEIZZ2 D728 Th D, ARIEIIMHER B L OMEENIZ L - T
EFHENETB2D08, BE IR AT 60~100 /52 BEEMEL TWD, Bit
LR LIZSE ., BRI Ao T NLAEIE SV ERICH D, Il AEIEZHD
N, A BED LS 1 2RI 65~70 ., A O OFEIE 1 2R 710~
80 LV Vb LTV 5 (Table 16).,

Table 16. KfAZ D EFEFERIER

£ KR ArFEk (1 53R =729)

AR 130~140

5 R 110~120

FEY 80~90

R (B 1) 65~75

B (1) 70~80 fFERBIFEE(E
). 20 60~70

Hi# 3: https://shira-beru.com/myaku/
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ARFEED 22 (B 55 1 2B 0.0 100 faZB8 2 5 L8IREV W, Z0dR
REIXTARD BV E3vd, S EIOREETIL, ZOHREEIROAL R —/LREFEEL
TLHA%Y 100bpm X HERFEITIT AT HN A —E LT, RS FEWREELT
. AR DB E DB > TWDFTREM D B 5, BBIRL TWDIGHSCEEL T
WHIREED X T O EITE <D, Flo, ARVREG REZRBRIHY | FEFHAIICTR
WAL ZZ L TWD & AR iR N B LR DS B2 %, SBIZ, EEC AL
Wolo B E AR OETHUIRI\EIT L3S,
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FEREL D ¥ MRREEREEO B EA N LAEEIL, B IEES TO®EIGIZB
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DYDEEREDTICHKERFR TV REHIORREICE b RSN ARE
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BIEOESNEL, TL— s AN — LR BBRBERT Uy VSRR END, TE, 2
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[ EE R EAEMEDFR DV ZLDLUAR—IREEL TCNDIELHY, BT ETELT
LOFEB AT LEEZ T MBERDD, BRT47ADN—RT2TE Al OFE
&Y B R EUVWEIREF M T, S 22<aRy MVAETE % 3R T 2R LD B3R
THESN, ZEGDEEDALLT  tmaia=r —a EEL 0SR20 O

BELHIFREMENHS ¥,
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BEITHYT vy My hOBRZ BIEL T, ET PRIBRFIEL T aaia=br—i3
Y OBEAOFREEEH LT v MRy M, ZES H HIZOWTOREAUMIE ~DfE
NMEER TBADN —=U 7 LU CEMZR AR O ERICEDLI B OO 7 \F—0D 8
CRINER RS LR 7T — DL EM ATV, £OZELDRIZ AT
BEEICLVRAIEL =, 4O B0 EIZ B B OEAEREZSLRIE/MT Q1H7%
TDOBLHENT 2 1BLEN Q2IH 7227213 1wk 2 1. BF1E QM2 X 2 |, BLU Q4
M FE ? (&, B OB ZME BRI AT EEHE L THHH)ftaaia
= —ar DIERO YR E ZAHERED T v v MRy NRIER B LT, FIEIERFL
LT, RERISHEL, 5SHHEFEF @IS Q1 225 Q4 DIEIZROEM~#5
RED I LT, Fz, FERENZIT AR Al BT v MRy heDEERIZID, 8B D%
R E RNCHR T BRI E R T LT v MRy MO BIE 2R T A B EES DA,
FARHIRFTEERE DO AR L Tld, LOEED D EROE IR T HEIZE 4 BB T,
IR T EENEBRBEICESRZY T haala = — v al BREER 2T FE
BOHHIZEY, ZOMBEDM LD R L ~D I EEEE BEIEE LT,

T x OLEEREIRREEZ OITL2 I T2 0800 ET 2 EEBIEL LAICETLL .,
ZORTEERE R T2 7 O N AT DR ER AT, FIRREBEO O IR AR
IR T 32283 MBI TVND, —F, D, DEAREENC LY BHEMHRR DX
e T CTEEBTHIERHLNTNS , ZIT, KFFICHEW T, Fox ORIE#E
Ll ZNOOEE IR DIAERE~OEEEL  MH0 B EEREF 2867
HLOTN—TERFO T HifiEZEGICHE THHIBA N MIEF o7 HIER ITE
BREBEVISCIZRT o TATOFEL b0 N —T ORI Tl Z{TH)28 T, BH
FEIZ RO AR O AL AR AT, B ARIZBWTE, FEEEEIE FIEE I
BEMNAXEATOHSEMEY —EADTV AT LANERBLTETRY, 20MEHRBL
Ctheaia=r—ravlfbs B AERERE LHRET8 T OERICH 1EE T,
RIEMAEARBRL CTIEW=D T, TOSHTELLTITHEN Lz 28,
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4-2 Fik
4-2-1 FHikl
A-3-1-1 R TF BELET

Z—P—PER Al LRI 2= a2 B THE EESEONELEERNT
FAMIEHINT —FX—RIRFEND, e, KFEEERIFIOLAT P —IkS
VU BBRIEE I, DAY 100bpm AHBX DHE, REESOIT AL —F—IZHED
BIEDIRBEZ HNSED TN TR LELTZ, T OERLHIE O % (Figure 29) 1T
¥

1. Bta

2. PCtAEVY Y —%
Bluetooth CH#t

3. DB oE=2Y v EE

4. DHEDRREM (]
100) % Bz % 2HERE

[ olkv : REEMA ’ [ oW i B R Y v kR ]

5. AN Lo Ee
T3, RKAKRTT»? ]

-

6. 1—¥F—DIEEERD ]

( '
7. GEICHE ST ROT 7V
3 YV EPRE
8. #r

Figure 29. &85 & AT =Y T DUV AT L7 —F ¥ —h
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ABFEDOH 4 T

TINA2L
PA=NAA
F4E RAM
TXAA D
A= 4D
VAT LOTEER
REF YT

e VY
Dk S - oy
OS /LR
LY —

Sensor

WZRAWE/—F PC T2 EE L FITRT,

Sony vaio VJS142C12N

Intel(R) Core(TM) i7-10710U CPU @ 1.10GHz 1.61 GHz
16.0 GB (15.8 GB fi# f AT #E
E549CCA1-7374-4612-9EBD-E64CE1CF5D2F
00330-53195-13342-AA0OEM

64 Bk TR —F 4T VAT L x64 X—Z Py
ZDOTAATLATIE, XU AN EZyTF ATNIFIATEER A

Windows 11 Pro
24H2

26100.2605

Ear—dip Heart Rate Sensor MOA210427104

Bluetooth dev MbStack Basic MASTACK-BASIC

M5STACK-BASIC

Ear-dip Heart Rate Sensor
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Figure 30. L:atE P —
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4-2-1-2 L£EEf-Y o7 a—K

EEGEOH:

1.7V AZ L NREEERIAE AR AD: TZ AT B

2. T VAU TBIER TT N

3. 2—H¥—: [TRTT, |

4. % DIAEEAS 100 2B 2 TD

5.7V AL LA EmWESTT, -
6.7 AF N TRILFKTT N

1.7V AZ N HADDEET D2 813HD ET 77

Sample Python Code:

Python
import time
import bluetooth
# BluetoothConfiguring the Connection
sensor_address = '00:11:22:33:44:55" # Bluetooth address of the heart rate sensor
port = 1
f#Heart rate settings
threshold = 100
def connect_to_sensor(address, port):
sock = bluetooth.BluetoothSocket(bluetooth. REFECOMM)
sock.connect((address, port))
return sock
def read_heart_rate(sock):
data = sock.recv(1024)
heart rate = int(data.decode(’utf-8’))
return heart rate
def main():
sock = connect_to_sensor(sensor_address, port)

while True:
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heart_rate = read_heart_rate(sock)
print(f”Current heart rate: {heart_rate}”)
if heart rate > threshold:
print("Your heart rate seems to be high. Are you okay?”)
time.sleep(1)
if _name_ == ”_main_":
main()

* _FE05%E Python 70T LDHEM,
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4-2-2 HFiE2

ZO B BE R~ A ICB T 20 eI EI L, hamibiE AR EREE S E
Al R EE R E ST HEEAY N AREE IR HE TEMZE BV TRRRE
A72(2022-001) TH %, Xt Z—7TlE, B Z—FHZBOFNOERICSNE L
B, K7 a M A7 Tk, BlORIBEOLESMERLEL TV E% 14 A(Table
17) BERET LV —7 DD)EBNL, 2= —val HHEDIE AE il b 7=, B
F—TOBEDVR—M—ERF R F—D/—yaia=/r—arZ8 Y
—EADZAZE I T2 ORI T, BIRE S FBRITEFE SNV, REOHI
FARERBNTHARUNT, RIGEOFELEBERICREL IO T a2/,
A REZO—ERIF 2 HEE & B £(2022-078) CHHESINARINT-, 2022 FERKIZ 1L
AR THLNITEHE Y — VAR T2 —RAOFES T AU MABESI,
ELl-biz Bt REFEORBEOLE, T4 MIKBL, BERICSMLT- (Table 17
FUE BRIGHE (T N—T RV)), EFFEALN—1T, ARSI -7 aha) 285F LT,

Table 17. S/1& O & fEfin 0¥ & AEHER 2=,

Tn—7 (NI K]) FEREE (DD) FVELEY X —(RV)
7 4/ 5.5:+1.9 (°F#3 + SD*) 8/ 5.9+2.1
S 10/ 5.0+1.9 4/ 7.0+0.8
PRI EE 14/ 5.1+1.9 12/ 6.3+1.8

* 2F 2 —F v F t-test Tli. Z 4+ — 7DD & RV OFIcHEEL L R CKSD IR %)

% 3§ EERE 2 (25 Developmental disability, DD)
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4-2-2-1 SDFENAZETV AT LT abF AT

15V O3 7 U —ERE) D /— b PC(Microsoft Surface Pro 8)I%. ElZ& a7 ANE

BDOAZANEGR LT F H ST THEOTFOT /N2 —%FKRL, Python DAAZ< AR T 11
T TS THIEIENTZ QL 2v6 Q4 £TD 4 DOTVIT arFX AL
7= (Figure 31), &1 ELOSME 1L, HA—FA% >~ (Figure 31A) DO ZEHEDHL
(ZEOTEEE STV, B E AT O 2K
PAMIFBRTOFBI IR 0T, AATINT IV %
B2, 7Y —0D QLD A CARI OFINHA
SN, FNWTTFELSMEB DL AT ZZNRLEMO
BEEEBNEASI, 5 BUNICEZ ALK
DO, BBV AL EHoHE, BE)
HUNZIR OB SIRICIER IV E DD, Zihb 4 S0
TR CHREEERDOY— ¥V aia=r—i3
YN = T EWE T DO DOT Ak
NI, BCRNTEZERTH-OOBEEZFREL. T
NE— N —F—DFIZHEITLTND,

Q1: HF~oEE A Lkl
Lo L, KEFCF, BOHHiIL?]
Q2: Fiin~=— X D HUEME
[FAlX 6 M TT, B3 TT 22
Q3: A7) —icEbNTICHNDIARIET 5,
T A2 —DHITRY) IR - 72t
[FAIR D v T2MF & ©F, 234 &?]
Q4 oA T TV IO N-ARDirA%x G35,
[(FAZFH & T, EPBHE TT 022

Figure 31. L/ & ala=r—al b —= 0 J U AT A
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JEST=FEDT-EONBDOT-OT NE—NoOBRNCEZDETH AT DT
ANTHS LT, QLS Q4 0 4 SO H AR FIEE REE 2R3 VT VRN E
M—IED IR E L2 > TWD, BRI T2F 2 DOk Fra 7 MIBW T,
SNEZ D BEHEL, QL OIARTIR Q24 LKL T, Q3mEi) I3, &
ROBDTIY—DBENZT TR FIOHTIV -0 | &, ERITRELZRWE]
BAERRO B HENE TR E THHIEND, BIEICIZL>ENAELL FREME m <R
HIENTRINDREE LT, BHEMENEL. Q3 &b~ E, Q4 1IHIERIT TV
—ZRELTEMEEZONTNDTD | FIEDIXEENRED, FIZEER = AR
TRbETHISND,

4-2-2-2 & = E R DR EGENE

a2V 7 7 0—7 (Grove: Seeed studio, 5 R/LVNIE, B INEF DI AR E T,
Ei- 5T NEUROERBICEOMITONT-, DL, Y—ryaia=fr—v
g h—= 7 LEL Python 777371210 ~A=2-(M5 Stack Core) THEFIH
ESHL, QL5 Q4 FTOTANZ—DEREF OFRZRIIT —F kS, € Ofk
R BEBMEO AL, & TEDLOSMERT NZ—LEMEZ TEY, 5 FLL
PIZE R TE2ONBIET OB EEERL Q=L XU, AT LI UG
BHREL CIRAEMICBESN, 2MEN T —7 ORI aHmELSHEA . L
T a— 7 HERNERERVEL LRV WN/ARERT —ZEERINT,

4-2-2-3 b—h~y 7 AL FEEARAT

TN—"T RV EHELTZ Vv —7" DD OFFEE RO DI, 7 —FREFRK
TFIZELSIL . ExcelMicrosoft) CR(FE)EFIRE) D EAOL—hy 72 HE AL TRE
BTz, ZHUZE, QL 235 Q4 ETOT ARE—0 B BB HILBIND 4 S8 R EZ
ARD K- LAAFHENE, BLOERLOER/MMaEER R DI OE T, BRo=a
TXANBRIES TEFINBHEFI~EESI NI, FRRIEO LHEHRIEENIR G
BREEHL %, 5t/ 7 =7 R 2ERLI-ET Y U RESRMEESTICEY ., &8
BEWAETHL-, 7 /v—7 DD L7 L—7 RV OZEL, EMERIOFEL D t-testP &
AL TRl 2RI R 2 AL CEHMlishz,
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4-2-2-4 AE~D[E]ZE R

T —43% (Table 18) TiL, 7 \Z—H MBI L THELZZREICEZE L 20
(A TIEZ(RIZE) )., BB L2 >720, BBEIZE D7 EIEEZ LK B TlEE
72L(NR) ) TR ZHLTZ, K7V —F DEMEA00%% DbFE LI,

4-3 fER
4-3-1 HFEFE=GEELAKN R T T RR

TahIAT T, REERARR Al BEMNZ, 2 —F —B3HRNIW T, FXFEF v
FIIREF ETFANTT A AT LA IZRK RSN (Figure 33), [FIFFIC, FHREEORF
R LEBON R 7I7I0R0 DIRE#B DA BRSNS A I SFm s~
FET2HZEMTET (Figure 34)%, fFEfl ARk Al La—F—OMGAFETIZEA
EDOEFEL, TAAT LA ETIELERELENT,

5,

Figure 32. 7uha A7 77U (Ot —% 3555 O E 8 5
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TRICLTD L.
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4-3-2 DD-RV Hi#% FHEES T

J)—7"DD &7 /L—7 RV IZOWT, Q1 226 Q4 £TD 4 2OarTFANER
ZRITNESN BT — 2% b=y T REOIR(EE ) & F (KE R0 D%
FEIE CHHE T 572D ITE MmN AR L | f/IME . mKE., R EE s/ MED ZE%
Table 18 |2 F &7, FMMKTFOFEABI A SOIZEEFR 357912, Figure 35 THRIE[EIF
I ED T V—T DD &7 /v—7 RV O LR, B 7Y OB — A MA
BT CRELZ, EDORER, ZhH0T —XIZI 7V —7 DD O LT OEEED
W ENRoT,

4-3-2-1 DD #infghl] - it obT

Table 18. LA DO MENE & JOERICEE T e — b~ v 7L, ZF)L—7 RV D

DEDE W g GROME ) TE< | =il O g OK O R) TH T M IS
RHDITHKL, 7 /L—7 DD TIHEVWMEGRWF G oM L) 258 AV s TROND
ZEETRLTWS, ZOMEMIE, Figure 35 1R KR ORBTEIE R o4 12 X> Tk
RTE, ZNL—7 RV T &/ (v = -4.36x + 114, R* = 0.420, p = 0.0226) BILW®
MAX (y = —4.57x + 124, R? = 0.342, p = 0.0457) OfE T, Pearson O ENIFOFETE
— A MR ITIZ Lo THERR S 3D, 7 /V—7" DD L, F/IME(y = 1.97x + 69.4, R* =
0.0456., p = 0.464) & MAX (y = 3.95x + 70.9. R* = 0.201. p = 0.108) DfETH A, &
B TI1372<., Table 18 & Figure 35 O RIOHFE i o —BMHE2HR T2,

4-3-2-2 DD {UHZENRFE

7' )L—=7" DD Tl Table 18 & Figure 35. fEfn{R M LI ORI RIS Hr O] 5
=AY — 7SN FEL 24 P ILERFFEEL T ;; KMEEH/IMEDZNREL
BEVRTRENT-(Table 18, FIIMAX-min], [M& 32). M 43)), 512, EbHH Q3
TrEfEZ Rz, Q3 Tl LD SUARKDOG EHERFE R OB IMESND IR ES
NTCWDIREREH T o7,

4-3-2-3 DD DEHIE 7 a—7

N/A FREEIE, DIRERIE 7 0 —7 BRI TRV SR )V —7" DD D2
THDHIEERLI,
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4-3-2-4 DD HE[EIZE =

Table 18 DI ACLAEL/ )& BRI/ JREEE)D 2 DDHHT —2 THERL
7o, BIEROe—hvy7RILTIE, DD BIROEIZFIIIR Q3. KiZ Q4 THIZK

ol

Table 18. LHAE DM EME LS

A

RICBH#E T Oe—hvy

A. The child’s heart rate

answering question from the boy avatar

response when

B. Answer (Ans) or

No Response (NR)

L | o cen | Hgs | D min | max | VA% a Q@ |ao| @
Group
2 NE NR | NR | NR
f 3 NR  Ans | Ans | Ans
m 3 MR NR | NR | NR
m 4 Ans  Ans | NR | Ans
m 4 Ans  Ans | Ans | NR
m 4 MR Ans | Ans | Ans
f 5 Ans  Ans | Ans | Ans
m 5 MR NR | NR | NR
m 6 Ans  Ans | Ans | Ans
m 7 Ans  NR | NR | Ans
f 7 NR Ans | NR | Ans
m 7 Ans  Ans | Ans | Ans
f 7 Ans  Ans | Ans | Ans
m 8 NE NR | NR | NR
f 2 NR  NR | Ans | Ans
f 5 Ans  Ans | Ans | Ans
f 5 Ans  Ans | Ans | Ans
f 5 79 NE NR | Ans | Ans
f 6 100 MR NR | Ans | Ans
m 6 95 Ans NR | NR [ NR
RV m 7 107 Ans  Ans | Ans | Ans
RV m 7 80 82 87 80 89 9 Ans  NR | Ans | Ans
RV f & 83 75 78 84 75 84 9 NR  Ans | Ans | Ans
RY f 8 70 76 72 80 70 80 10 Ans  Ans | Ans | Ans
RV f 8 83 82 85 84 82 85 = Ans  Ans | Ans | Ans
RV m 8 73 76 80 77 73 80 7 NR  Ans | Ans | Ans
Mean and Comparison Answering Rate
DD f mean 55 80.8 82.0 88.7 87.0 7.3 84.3 7.0 0.5 1 0.75 1
DD m mean | 5.0 86.8 852 90.0 84.3 80.4 94.0 13.6 0.5 05 | 04 0.5
DD all 5.1 84.8 84.4 88.7 845 79.5 91.2 11.7 0.5 0.6 0.5 06
RV fmean | 54 97.0 98.1 96.8 96.6 93.0 101.8 8.8 0.5 0.6 1.0 1.0
RV mmezan | 8.0 77.3 773 788 813 75.0 82.3 73 0.75 pESe 0.7 | 0.75
RV all 6.3 80.4 91.2 90.8 815 87.0 95.3 8.3 0.6 0.6 0.8 08
f 0.77 0.59 0.50 0.95 0.79 0.71 0.71 0.91
t-test m 0.07 0.63 0.60 0.78 0.44 0.40 0.73 0.50
all 0.14 0.34 031 0.86 0.28 0.22 0.51 0.37

no speech

no speech

no speech
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min MAX MAX - min
140 140 50
45
120 120 DD &RV A,
LS 40
100 "3 | 100 5
. " /a\
80 L] 20 . 30
- u 5
] é
50 - a 60 B 20 ]
0 15 a ® <
" , 10 - )
DD &RV DD &RV . — ., n *
T | b
0 0 ] =
2 4 3 E 10 2 4 5 8 1 2 5 8 10
min MAX MAX - min
i 140 50 | y=109813x+1525
DD DD 45 R? 859 g
120 120 . 309
= A .
100 100 = 35
] /_\x
30
80 2 B
] 25
60 50 - 2 -
G y = 1.9688x + 69.375 40 y=3.95x+ 709 b = "
R 5 R? =0.2009 10 N
20 20 p=0.108 5 ]
]
0 0 0 = ]
0 2 4 6 g 10 2 4 s g 10 0 2 4 6 8 10
min MAX MAX - min
120 140 50
5
120 120 3 RV v = -0.2138x+9.5862
. * 40 R*=0.0092
100 \ 100 5 p=0.767
30
80 80 -
L]
] 25
60 60 5
4o y=-4.3586x+114.24 40 y= -:R??z;t:'_azs,sa 15 L ]
R? =0.4204 RV S 10 a 3
20 20 =0.0457 —
RV p=0.0226% P 5 ® s
o 0 0 =
2 4 6 8 10 0 2 1 6 8 10 0 2 6 8 10

Figure 35. ik fE DB O SIS0 4T

&MDOFNZ, 4 DOXART ORI EZRLTWD, [[ERIC, 21THE31TRIZ
T, ENEIODIREBROR RELENRIND, 1 ITRIZE. 2 7TEDZV—7 DD
E3ATEHDOZ V—"T RV A —/N—LAZITND, FnfHBIFEM O L% min, &
KMAX, B, ZOFES MAX-min (2L TR _ETHRIZIE LU LD EH AT
7= (Figure 35) , ZDfE 5. RV BElE min, MAX L6 8 B/RFEEMEIZED B FE R ER
HIv=—J7. DD BEZIZ A2 077,
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4-4 B 52

DT —2HIala = = al BRCED S T Ly MR O A2 RIEIT AT
TeRFERBR DT DTN A T ZBHFE LT, KT aMIAT T JEERAR Al L2
— P —LDHDORFEE—EORETTFAMEL, Z7 LV MNIERishvizbfmt 4
—LDOMEE T — X EEETHO DBRBEAEE TE/2 LT Z0.0MEHI OO
HHEEF MR L TORRBHLRDI-OICER L2 X YT 77— D3 L £ O E 3
E ik T LIRG W ORI ot & FEZREE R B L OEERIZB L2
EBH DL ZIT ST,

Figure 36. # 7L —/3—7 FHEIFRABRE &R

ZOMFETIE, Fiaaia=r—varlBlbo e R RE R EOEFEFNZ ML
7o T UXNEa—< AL LD RIERER T CH. ZEWERB VAT ARREEBfRELEET
LR T T AT ORIEL, FEREIR (VL —7 DD) BILUOA XU NCHEIES I
SMTFEST=TFELDOHIE (T V—7 RV) 2B TRITETEX, /v —7 RV TR
57 )Vv—7" DD DOEEMFBEELIMRFEZRAT, #T7 1Ly PCETEDFDOT A
Z—DEBEOT A AT VALEF DO INCEY, 4>DEEL B2 2NEDO IR HE
L. RICLBDOFDOT ANE—IZL55MERARED B R E2ZEBITHIRLIZ 1,
[FRRREIZEZZEGIRTZET, ZEBDOEFOMEBRNOME mZ DT DE]
BRBELREEEN USRI EE o a=r—v a2 N —=0 752 02 BIEL
7=, TOIEB CIREMZREM T oA 7 ERIELTZ, HEala=r—aili
W BMO R OB CLR2BIR A S RUBEMR T DR AR EDO 7257, Bl
DFERMEICBWTHAICAEUL BB Z AT HHEEL LV, RFEE RO K#ELEZ X
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HIEEER B CHMENDHD, FOFAMEBHRZ BIEL T 570 CARYIETFF T
134> DL BEFERIH DV REE LS E 2 DNDROHERLL T, ZE L DRI
N TORESNDINRTHD ., QL (4HD . Q2 (FFir) . Q3 (AF 721K H, 1212 UE R
RRZIZEY O I TV —%FR) , Q4 (FE7ee) ZAEL, BERIZE (Ans) ITE ST,
HHWIELZ -T2 (NR) D>, EO0E L7z (Table 18B), =L C, K#EHf b
AT DHEH)— D> DRBIEBE D BR AIED =012, FEF TR EE 2 = & ONTEME DR
DELEZTRXETLIENTELIDLL LA WLHAROT —2 OFTREEIRR &
BRlllc, FICTAF—I2L2 B OB FlIZEEEY B & DOEIEOBESRE 1
BEATHIZAIL T THHE TR TD T REZ—FEFE DI IR TR > Tl 1T\, 4R
BRI SCIRHERS L DAR DV DRI I LY, 7 /v —7 RV (2957 v —2 DD ®
AR 2782+ 7- (Figure 35A)

BN V—7 DD OFRERFFMEL T, BZ 7 E3REICB0IT5H, 7 AU —
e BE HO DRI G LL TRIH SN QOB ZERL N TS 270y 7 AL
FHHEZr—71ZEL T, Zv—7 DD 1Z14 AF 54 534> DCARDHE ., 1[EH2[A],
AL THLEZDITH L, 70— RV IZEB N2 AR THSTEHAIIN ATRE Tdh -
ZEThD, ZOZEOREE R LTI, B EARZ N MEBEREO AR IR
BOBIERE DLZENLLHAONTND, AERIT—R T 2L, LHEFHIIT2—7 0
MR AR Z N 2 =B RO BRI M) N E | ST ohahs Livdke
WS RIFZER BRI DM — = T EM R OBENOEL X EL THDLE, AR
2T =T AT EBIFAR L TICR I, EHIZ2 2D ICARLL ES I FHEITx
2, Nr—= T3 LAA TR E T AAN v —KF T ThftEazia
= a BEOFEOBRNHLFRENET L, B OSBRI REEL T4
REMEZREE K LTz, o

DN D AR A B2 )V —7 RV IR SNTARIREE TOEMMKERI 72 0
EDIE T (Table 18,Figure 35min, MAX f&) D%ATR LG DHDLE— <y
Figure 35A BXO ETRIUERIL, RCZVy7Rba7 n—712, TR0 DO E
XU RREHAEEB R L L TLEROLN, BER RV ORI, 3 72bb, EIEA
BNV =T NE —BIENE W ELDOEM THA AN B L H L
72\, Figure 35 0 MAX-min Z4FEs R AFRYICHRIZIEEIL7- Figure 35 TiX, 7L
—7 RV 03B EARHER L CoF —2DERNELS | Figure 35 D MAX-min Dt—|
vy 7 EPASIE, TROLEEROFEEEDIZH— R0, 71—
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DD Tt Figure 35 TRESIRMEZRLIZTFELR0, WA TS ER{EITH R
NoELDHBRERDLEFNBENWFELREDIILOENROLN., [HAx DFELDE
HIB IO LBERENZRICERDIREDO KLU COLFIREEDM GRS,
Table 18B OEIZFFFMAENLE, AT —FH TIIEOHEBIIRMEITRNEIS TH
D, —H . AHITINRHER IR T HOHEB DR RENIEGIT24 60, EEE4O0
WO IARIZB W TE RSP 27273, Q3 ITBWGEFIZOEE< (OR) B8
HTWAIENIET Q4 TIEEHOLHMETL VDI E(FL) 1o, NEARRE
BARER 72 E DEALB DA DA BRISZEAE B IZEVIIC D TR b S E 23 E &
BAYNTHRFI CETLATRRIED HD OB LIV, EEE, Z7/v—7 RV TIEEIZEEN
QL,Q2 TIZEBELZAWIELMEIFEELN, Q3,Q4 1IMS D14 %2 s, 2ENE
ZTCNDZEND, 7/ —7 DD ORI EFDORIZEDEIN DD DO UL L2
LR[REMEDRHY B ORI AROEBOLLEIZIZ, HEaia=r—arDEEE
E LR OERELIESTEOHB N2 DB RO EE 2T X NVFRELT

HUWHIELTEE . VM N — =V TEHM 2B R T A R0 e b R
WOREEMED DD, HEBEIRSCHODDL T EBITITIHEMT VA Lar T2 ~D
BREN LI TEY, 2O EELAREMED— 5T, ftatEaia=r—Tari#
BERRITH AL F— Ry MR OFBL AV A Z RO, ZDRT A A RR
FTHIEHTIOESDRIIDTEAD, SHOBEERBOFWIZIT, BROEMRT
ThHHF ¥y MUAER Al DIERNRE 20D, — T, AL EORNZE LT v
YRR, chat GPT (X2 DFZEEFEA TWABR, NENFIZL TEVERB LSRR
LTV, ZOWER LY — Ve MWEIGUTHMLIZVE Y 71— R LTz &5
ORISR T T a—F o ANSHBE MBI TH A 89,

ARAFFEDORFEL T, IR N1E DL 7RISR0, FEFICKRE L BETHHHEE
2=l —vallBbLEROVRIRHITOND, T vy Ry Nefi o T Eo
BN NEOEALRD 2V E— A T DN E G- L72oTODIINE, ZDY— LD
FEREOGSHEEPBERILWVEE CHEATEY, §FRrE=ZI T ET (A v a
ETDULERDD, RREIITIHAIRETERME CTlId203 iOEZDOHRLT | f
AT DARFREIGRGEE |, ED— B —BROMEICHIIELTHMREE | SHRATTR
T, R L ERDTC O DIRVIRVE T A ATy a O—HT OOHED FHlZR1
-HDET 5,
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BHE

AR TIX, —BL T, BEMER THLEY - A - EIRICBEDOER MRS
A EHEII = — v a R DA RE BB ERMEAEDLEL 2
FTHHADOFEEFR > TREANMEZE 2—22I0bI TG 8~ T UL
Al Hfr 28 352 TRIFTESCREBE D RTREME A BR 7=, (Figure 37)

- (BRI e
e o e D= A

FRERIR : BEBEROEEBHRNS
BTSN EDHTHl

- BAER : fiigREsB0E81 0

- BEEMISRE | - BESH : BENVERITEES AT LA
Sl=siS o= o)

R BB E T

Figure 37. [EJE BB ~DT XL AR O B3 LT

B ETOFAEERMRSEEEY AT AOBRIRELBILII BV TI, AR0ER
RTE ST I LEAE CEABID K EEEL 52 5T MRS T, BRI, ER
MERBMADOEEY TV ENE Loy 7o — BB ERT 7Y 7
—ay OFMIZEWT, =X A= D EE PRI RIZASAT A6 28
MIREFT, =X A R—NE, MBS OBV TR ZLEB I Db BV EE %
Bo— 1T, BESCRBRICESGEMLEI ASATANEEE KT, FHEERIC
EHOENELLT LN RSN, BERBMIAOEEY 7L ERRICHREIN
a7 N —BERT TV —a i, 95% L ED EMRRE R, A7l
& % ORI RE BTV + 43 e F il A I R A TR T D 2L TET, R O
BIMELDS =% 2/ X—hOFHIEN E <, FEBTHIBTIZ LD AT AN EEL TWDHR]
REMERIBENTZ, ZHICRbDERE LTiE, AR & B OFRBIRE OE D D
HELEZ SN, BROBRIREZ2 L0 BF 2 s R e o miRER & o
EHNMNETHDLAREENREINTZ, =FANSN—F 2 ZLEXF—1 LOfF
PEOBVIEYFEMR SAEREREIC L VFEMT 22N TE, =X DK
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PMAEARED & < BRI S VWMEM RO bz, £, M= oo
I E S EAROSBRIC 2 TV R AFHIR N A T AT ER D
LNRWMEHA DN H 5,

Jm%@@ﬁ@_ﬂﬁﬂ: I, WTFRIC LTS, BRI L 52 BBREORIES N

CTEENHTEMICEBEN D VD . HEGRB OMEENRO DIz, =72 L, A
n@x#%@{%#/?’w%&\ THXAN— TN S DEOTD, RBTFEOYIEIR
R AR, SORLFBEERLITETHD, o, BEEL LT L HEL
LT, 4%, ANLHRBESCHBFEZIEH T2 T, BAEERRLO MNEEH
ﬁ&@%%%ﬂoﬁﬁ:ﬁbhéiﬁmﬁé’&ﬁ%ﬁéné Z LT, ik

2 X AAEEE RN E A WT, BEMICHEOESCHEEZFMM T2 2 &
T, 77U MMEERD ANDZ EICLY, SMEEHEV AT LOLRITHEWE
REBOT—HIZESET, BAERMLOLEETEN LV DENICR Y BELE
DEBREOBHICEND Z L PR T 5,

F_FEAEK Al filfHON—Fyaia=br—ars N—F—L 4 AOTFELED
BOEFEORIEBEOMREIZEB W TIE, AL Al THD Google BERT 2L
e Eh i DIEAE 2 A TP AR GEEPHEE OB IS B B IC R ] O FE i B R
FRERIATZ, ZORIEIT, Al [IZBWTIE Al DALEREE )07 /LT X LD HEM 12
K260 THD AIRBENRESIL, —RITIZV T A ZALTOISEDNRDHILHT A
7 MW CTBIEENE R BAZE 2200 x L, TeLA, WY E B IERFR
FENEE THD FIREMEN RSN, BAEIZIL, 7 F =887 bDaia=
r—=a BT, TS —DISERE N FEb D EDORMEFEFE LRIV EN
TEWREN, AR 2= —2al lZB W TCUIZ OB O EEN RSN, B
B B DRIE A A T D E B ORBR TIL, BIESIT FENREAINI R T
TN =2a—= "INV [ RBT 47 | O~—D—L L TER/BN TN, Flz X, FEL-
HLETNE —DAZa=lr—a NlBNWT, ROTA7 2R X0E TR 125
T ELOIRNEEIER I OIER D 25 82 B R A 700 . N OFRENLL BRI
WLER|Z B B % T RTREE DS RIR S Tz,

B EE TR NS, JEERA R Al 2 VO xtaEE o ODEEIRE & T Dind b
A ET LA REF UL AT AORFT 2T, AFETHARICB VT, 3t
FERAR Al ba—Y — LD TA L FT I ar DRERIE R OT X AMARLE 7 1
AT T TN TEAEL  WITAEBNERR AAT o 7o fE . IEME7R S A il AR
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L7z, BT, S a=lr—ar 2R LI R RE R OB EE S ML
7oy T UBNEa— v LD RIERER B AT LB Z B L TR 7 e
A7 % NEWRRAIEE A ME T H LR LI AR L TEY 7 R ey
AT B—7 2L 5.0l RV, SRR SMEER 1T o7, #7 Ly PCET
BOFOTNRE—DEBDOT A AT ALBEROHINTLY, 4>DHEfEL /R HNE
DIXARERAEL ., TAF—IZLDE INMERINED B CAR T 2 ZEBITHIRLTZE .,
R TRISNOEEZ ZEBIE T RFEEELBEL N LIS FE 2220
—iarOh—=7% BRYELT, BERER (1 —7 DD) BIUA X NTHE
EBICBIM T E-72280 D HE (' v—7 RV) DEEBHEEZELZHITICE N
T, DT e —T IR RZECE A7 SUIRICEBIT DEHRITRRE L IR > 72 286 1E DD
DHTIANTSLIFIEL, F2. 40D TIRITQL (&) . Q2 (FElh) . Q3 (&7
R, - UERERRIE RO 73V —%BR<) . Q4 (/) ZHEL, HER
Z(Ans) IZE -T2, HHVITELZ o7z (NR) HIBr A MR L 72E 2 A, BIEIXm 7 /L
— T CHESREDOREREN, BFTIEIINV—7 RV OARBIERN ER LU, L
137V —7 RV DMK IR BE D F IR TFHIL T CRERE RIER O A o 7=l st
L. Z)—"7" DD i3AbighoTe, SHIZ—E DI —7 DD OZELIZE, [EIEF
HUZB O IR O STHRIERE TR I 70 AL BN A8 | N A BIETED TR
AV RIRBED @\, S OB B B ~O R EX LRIEERFT OB R ITO
WCRBIIRREITOZ ENTEZL LIVR,

AWFFEORERIZE/R D BEHERERICLIVHRAERE DR SN O FAEE &
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1. 256 X256 EEA7 Uy I 2 fEfLLE 75 A (Python 3.11.3)
import os

from PIL import Image, ImageFilter, ImageOps

def split images in folder(folder path):
print("7A4ILF—%FMNE ", folder_path)

files = os.listdir(folder path)
print("ROMof=T7AI)L:", files)

for file name in files:
D)L

file path = os.path.join(folder_path, file name)

if os.path.isfile(file_path) and
file name.lower().endswith(('.png', '.jpg', '.jpeg’)):
print("I77M/IILZELEG ", file path) ‘

try:
<
Image.open(file path)

SE R (AT
img.filter(ImageFilter.GaussianBlur(2))

width, height = img.size

for i in range(®, width, 256):
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for j in range(@, height, 256):

-E{R DB EE
box = (i, j, i1 + 256, j + 256)

) LT [ER D E) AZimi=9 1 ;
if i + 256 <= width and j + 256 <= height:

A7 ykrani-EEZEAxuLY s

split_img = img.crop(box)

17 +8 [ AN, T8 A5 B3
TO10MLIE 4 | FH

split_img = ImageOps.equalize(split_img)

threshold = xEX A

split img = split img.convert('L")

split img = split img.point(lambda x: 255 if
x > threshold else @, '1")

split img
split img.filter(ImageFilter.MinFilter(1))

new_folder path = os.path.join(folder_ path,
file name.split('.")[0])
if not os.path.exists(new_folder_path):

os.makedirs(new_folder_path)

split_img file name
" {file_name.split('.")[0]} {i} {j}.Jjpeg"
split_img file path

os.path.join(new_folder_path, split img file name)




split _img.save(split img file path,
print("RATUYrEN-EBERE:",

split_img file path)
except Exception as e:

print(f"ITS—MNFEELFELI=: {e}")

split_images_in_folder('C:/ABC_image2/C_Gray')

BB BETOTTA
2. CNN JE[R47%-Epoch m2452 (Python 3.11.3)

'JPEG")

9. FEA. RIEA. PRROERTALIN E E—NYTEBRORFLET(LINIEZRTE

LET. T FEEROY A XETRYIBLIEELET,

= 'C:/ABC_image/dataset2/training set'

:/ABC_image/dataset2/test_ set'

predict_di ory "C:/ABC_image/dataset2/prediction’

= "C:/ABC_image/dataset2/output2’
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target _size width = 256

35

WMBIGSATIV AV A—ILLET,

" python
pip install numpy scipy scikit-learn tensorflow keras seaborn pandas
matplotlib

DAk ‘

WEIGSA4T 3V R— N FET,

" “python
import os
import numpy as np
import pandas as pd
import tensorflow as tf
from tensorflow.keras.preprocessing.image import ImageDataGenerator
from sklearn.metrics import confusion_matrix, accuracy_score
from keras.preprocessing import image
import seaborn as sns

import matplotlib.pyplot as plt

BAEGRT—SZRNELES BEROUR7T—IL 7 —&ifh, X—L KEREETVE




train_datagen = ImageDataGenerator(rescale = 1./255,
shear_range = 0.2,
zoom_range = 0.2,
horizontal flip = True)
training set = train_datagen.flow from_directory(training_directory,
target_size =
(target_size hight, target_size width),
batch_size = 32,

class_mode

= ImageDataGenerator(rescale = 1./255)
st _set = test_datagen.flow_from_directory(test directory,
target_size =
(target_size hight, target size width),
batch size = 32,

class mode =

CNN ETIILZHIEELET,
" python

cnn = tf.keras.models.Sequential()

BLES .




cnn.add(tf.keras.layers.Conv2D(filters=32, kernel size=3,
activation="relu', input_shape=[target_size_ hight, target_size_width,

31))

T U BEBMLET .

*python

2EBBDEHAABET )T EEEBMLET,

" “python
cnn.add(tf.keras.layers.Conv2D(filters=32, kernel size=3,
activation="relu'))

cnn.add(tf.keras.layers.MaxPool2D(pool size=2, strides=2))

FIHEBZEEMLET

" “python
cnn.add(tf.keras.layers.Flatten())

EHEEBEEMLET .

" python
cnn.add(tf.keras.layers.Dense(units=target_size hight,

activation="relu'))




HARBZEEMLET

" “python

cnn.add(tf.keras.layers.Dense(units=1, activation="'sigmoid"))

D 7\1)L

CNN EFI)LZaV/AAILLET,

" python
cnn.compile(optimizer = ‘adam', loss = 'binary_crossentropy', metrics =

['accuracy'])

FEtYNT N EN—=2T L, BREEEVRCEHELET

" python
history = cnn.fit(x=training set, validation data=test set,

epochs=epochs)

FRTALONADEZRETFRL.BRITIEEEEZTFRELES

" python
import os
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

import seaborn as sns




from tensorflow.keras.preprocessing import image

from sklearn.metrics import confusion_matrix, accuracy_score

predict_directories = os.listdir(predict_directory)

classes = training set.class_indices

y_true []
y_pred = []

for dir in predict_directories:
target_dir = os.path.join(predict_directory, dir)

5 = os.listdir(target_dir)

for file in files:
file path = os.path.join(target_dir, file)
image.load_img(file path,
target size=(target size hight, target size width))
= image.img_to array(test image)
= = np.expand_dims(test_image, axis=0)

test image / 255.0 # E[{EZIE]
result = cnn.predict(test_image)
y_true.append(classes[dir])

y_pred.append(1 if result[0][@] > 0.5 else ©)

CREITH1X

confusion_matrix(y_true, y pred)

[v for v, _ in training_set.class_indices.items()]

cm = pd.DataFrame(matrix, columns=labels, index=labels)

overall accuracy = accuracy_score(y_true, y pred)




matrix_accuracy = matrix.astype('float') / matrix.sum(axis=1)[:,

np.newaxis |

plt.figure(figsize=(10, 7))

« = sns.heatmap(cm, annot=True, cmap='Blues’, fmt='d",

“bar_kws={"label’: *Scale'}, annot_kws={"size": 30})

for i in range(matrix.shape[0]):
for j in range(matrix.shape[1]):
text_color = 'white' if cm.iloc[i, j] > cm.values.max() / 2 else
"black"’
ax.text(j + 0.5, i + 0.3, f'{matrix_accuracy[i, j]:.2%}",
horizontalalignment="'center', verticalalignment="'center’,

color=text _color, fontsize=25)

plt.xlabel("Prediction”, fontsize=19)
plt.ylabel("Actually", fontsize=19)
plt.xticks(fontsize=19)

plt.yticks(fontsize=19)

save plot directory = "C:/ABC_image/dataset2/output2”

os.makedirs(save_plot_directory, exist ok=True)

L’*: 11 21UVJL 4 J /812X S ) /vCL CUIRAT

plt.savefig(os.path.join(save_plot _directory, "confusion_matrix.png"))




plt.show()

= pd.DataFrame({
"epochs": list(range(1, epochs+1)),
"training _accuracy": history.history[ ‘accuracy’'],
"validation_accuracy": history.history['val accuracy'],
10
history pd.to_csv(os.path.join(save_plot_directory,
"prediction_history.csv"), index=False)

print(history_pd)

plt.plot(history pd["epochs"], history pd["training accuracy"], 'b‘,

1 1="training accuracy acc')

plt.plot(history pd[“"epochs"], history pd["validation accuracy”], 'r',
] ‘validation_accuracy acc')

plt.title(f'Training and validation accuracy (Epochs: {epoch

f 18)

plt.legend()

T 1
7 ~ Y,

plt.savefig(os.path.join(save plot directory, "accuracy.png”))
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