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Protein Structure Segmentation with Deep Learning Methods

Predicted Class:

o
vaL THR [RR) et NE %) [sEr

1: The goal of our research is to assign labels corre-

sponding to the 20 standard amino acid residues to protein
electron density maps. Our method can assign amino acid
labels to protein electron density maps using deep neural

networks.

1 HAROER

Proteins are the building blocks of life and can be con-
sidered functional building blocks of most if not all living
organisms. Natural proteins are chains of the 20 standard
amino acid (AA) residues. The function of proteins is dic-
tated by their shape and structure.

Their 3D shape is assumed after a process known as fold-
ing, where the amino acid chain is twisted and turned to
create the protein’s structure. Currently there are over 200
million known protein sequences, but only approximately
184,000 solved structures deposited [a] in databases [b].

Electron density (ED) maps, acquired via an imaging
method called X-ray crystallography, allow the observation
of protein structures. Current structure determination ef-
forts focus on mapping the known amino acid sequence into
the observed ED map to create an atomic model of the pro-
tein’s structure.

The success of model building heavily depends on the

quality and resolution of the ED maps. At lower resolu-

Akos Godé (FEERPEBRZEA)
HAR LK (EEREFIEAT)
JUR RS (EZERVEWSERT)

W ok (EEERSERT)

tions, side-chains become harder to observe and distinguish
making automated structure determination at low resolu-
tions (below 3.5 A) difficult or impossible.

The obvious solution might be to acquire high resolution
and high quality ED maps, but it is prohibitively time-
consuming and difficult to produce crystals yielding ED
maps with a high enough quality to be used for model
building. To illustrate, approximately 150,000 structures
(from the aforementioned 184,000 in total) were built us-

ing ED maps with resolutions of 3 Angstroms or higher.

2 HREOER

The large volume of unsolved protein structures and de-
pendence on hard to acquire high-quality ED maps makes
it necessary to create methods that can handle lower qual-
ity samples quickly and efficiently. The main objective of
our research is to find novel and robust machine-learning
based approaches to protein structure determination.

Since ED maps are three-dimensional volumetric data,
we approach the problem through 3D image processing ap-
proaches and through the use of three-dimensional neu-
ral networks. We approach primary structure assignment
(amino acid labelling) as a semantic segmentation problem.
The objective is to assign a class label, ¢, corresponding to
the 20 standard amino acid residues to each (z,y,z) co-

ordinate of the ED map.

3 HMROAE

Our work proposes an image segmentation approach
to discovering and assigning residue labels to protein ED
maps without relying on the residue sequence information.
We mainly utilize three-dimensional neural networks to
directly process the ED maps in their native volumetric
data format.

The backbone of our method is the 3D FC-DenseNet ar-
chitecture which we developed to handle the task of amino
acid labelling as a 3D semantic segmentation task. Inspired
by the DenseNet [e] family of architecture, the 3D FC-
DenseNet consists of 3D dense blocks to accelerate learn-
ing by improving gradient flow through the concatenations
present in the dense blocks. The FC-DenseNet56 configura-
tion was used for high and mid resolution data (1.5-3.5 A)
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2: Our proposed deep neural network architecture, the 3DFC-DenseNet, can assign amino acid labels directly to protein

oo | [
jeo] e

electron density maps without relying on their residue sequence information.

and the FC-DenseNet48 configuration for low resolution
samples (sub 3.5 A).

The architectures were trained using our custom dataset
consisting of 6990 protein ED maps at fixed 2, 3 and 4 A
resolutions to simulate high, medium and low resolution
data. Following this, the models were fine-tuned using real-
life samples with variable resolutions between 1.5 and 4.5
angstrom resolution.

The loss function used was the Lovasz Softmax Loss [c],
The net-

works were trained from scratch using the Lovasz Loss for

an effective replacement for the Jaccard loss.

10 epochs using the fixed resolution data sets and then fine-

tuned using the experimental data for another 5 epochs.

4 FREAR
Resolution FTR1 FTR3 Seqqy,-seq Seqqy, +seq
<25A 07116 08119 0.0628 0.7207
2.5-3.5A  0.6047 0.7495 0.0204 0.4129
>3.5A 03328 05122 0.0068 0.0143

3: Rank-1 (R1) and Rank-3 (R3) accuracies of our
method compared to Seqqy’s performance with (4seg) and
without (-seq) using the protein’s AA sequence.

We compare our method’s AA labelling performance to
Seqqy [d], a current state of the art for model building (Fig.
3). Seqqy relies on the prior knowledge of the AA sequence,
When used without the
sequence information, Seqqy fails even with high resolution

whereas our method does not.

samples. Even with sequence information present, Seqqy
fails at low resolutions.

Our proposed method matches the performance of Seqqy
for high resolution experimental samples over 2.5 A resolu-

tion. It outperforms them in the 2.5-3.5 A medium resolu-
tion range and also remains functional in the difficult low
resolution range under 3.5 A where Seqqy fails.

The effects of decreasing resolution are visible in the re-
sults of both Seqqy and our proposed method. Our method
achieves a mean Rank-1 Hit Rate of 0.3328 at low resolu-
tion. While there is room for improvement, this is a signif-
icant increase over Seqqy.

We have recently published an article in IEEE Access ti-
tled “Residue Assignment in Crystallographic Protein Elec-
tron Density Maps with 3D Convolutional Networks” [f]

discussing the approach and results in detail.

51 xR

[a] wwPDB consortium “Protein Data Bank: the single
global archive for 3D macromolecular structure data”,
Nucleic Acids Research, 2018

[b] Online: wPDB: Deposition Statistics,
//wuw.wwpdb.org/stats/deposition,
2022. April 21.

[c] Berman, Maxim et al., “Optimization of the Jaccard

https:
Accessed

index for image segmentation with the lovasz hinge”,
CoRR, abs/1705.08790, 2017

[d] Chojnowski, G.
low-resolution modelling of protein crystal structures”,
2019, Acta Cryst. D vol. 75, no. 8 pp. 753-763,

le] Jégou, Simon et al., “The one hundred layers tiramisu:

et al., “Sequence assignment for

Fully convolutional densenets for semantic segmenta-
tion”, CVPR, 2017.

[f] Godd, Akos, et al. “Residue Assignment in Crystallo-
graphic Protein Electron Density Maps With 3D Con-
volutional Networks” IEEE Access 10 (2022): 28760-
28772.
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Video Technology, 2019.
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Cervigram Dataset Cleansing Pipeline

1 HROER

Machine learning is a versatile method for big data ana-
lytics with its increasing range of applications. Its effective-
ness can depend on either the algorithm (model-centric) or
the quality of available data (data-centric). Most use the
model-centric approach particularly due to the vast amount
of academic research dedicated to it, and is seen as promis-
ing compared to the difficulty of creating large standard
datasets. A data-centric approach needs quality assurance
(QA) which becomes increasingly difficult as the dataset
grows. However, it remains an important task as errors, or
dirty data, can adversely affect model performance.

Methods that iteratively generate more training data
from predictions can unknowingly amplify and propagate
dirty data through the model.
the task of understanding the model, as clean data is

Dirty data also hinders

the common assumption of most evaluation methods.
Nonetheless, QA is a painstaking task that requires time
and multiple passes through the dataset.

Dirty data remains an obstacle in healthcare due to dif-
ferences in clinical record format and operational elements,
especially when gathering from multiple sources. It is par-
ticularly taxing for certain data that require specialization,
and those sourced from third parties where control is lim-
ited.

2 HMEOEM

The objective is to perform data cleansing on a cervigram
dataset. The following observations are taken into consid-
eration: (1) the presence of indiscernible images with class
labels; (2) natural physical variations of cervices among pa-
tients; and, (3) lack of a standard setting when the cervi-
grams were taken. The desired outcome is a clean dataset
that can be later used to train a model for cervical lesion

diagnosis.

3 HAROGE
3. 1 Dataset

The dataset consists of 7,099 cervigram images taken
during colposcopy with a size of 480 x 640. Images were
annotated by medical specialists on classes for cervical le-

sions. A standard setting was not predefined, resulting to

Margaret Dy Manalo (% 3RFERFZEAT)
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images of varying angle, distance, scale and lighting condi-
tions.
3. 2 Implementation

The methods below were used to detect the erroneous
and outlier cervigrams from the dataset, remove them, and
further refine the dataset in the succeeding steps. The class
labels were not used to prevent confusion from indiscernible
yet labeled cervigrams.
Region of Interest (ROI) Extraction. The cervix region was
extracted using Faster R-CNN, similar to [a], to reduce the
variance in scale of the ROI. Region proposals were pro-
duced from extracted image features, passed through an
ROI pooling layer, producing fixed-length feature vectors
from each proposed region, and then followed by classifica-
tion. The output consists of the class scores and bounding
boxes of the detected cervix. The model was pretrained
on 900 cervigrams from a previously acquired dataset from
the National Cancer Institute (NCI) which were manually
annotated for bounding boxes with the cervix as the ROL
The NCI dataset was used for pretraining due to its more
standard setup when the image was taken. This also in-
troduced natural physical variations among cervices to our
model, making it insusceptible to such differences.
Outlier Removal. Isolation Forest [b] was used to quickly
detect anomalies or outliers among the extracted ROIs.
Recursive random partitioning was performed over image
features until each sample was isolated, mimicking a tree
structure. The length of the path leading up to the root
node measures the normality of the sample. Anomalies
naturally tend to deviate resulting to quicker isolation and
shorter path lengths. The features used for this step were
extracted by the previous Faster R-CNN model.
Quality Assessment. Simply setting a threshold for dis-
tortions and noise is difficult particularly for increasingly
large datasets. Additional complexities are the need for
resources, and the subjectivity brought by manual anno-
tations for image QA. Therefore, MetalQA was chosen
as an unsupervised method for detecting low quality im-
ages. It simulates the meta-knowledge shared by human
observers who evaluate image quality of diverse distortions,
and stems from the need of large datasets to train deep
learning models [c]. Various datasets, each having its own
type of distortion classification or regression task, were used
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« inliers
» outliers

1: Outliers highlighted among cervigram samples pro-
jected on a 3D feature space using Isolation Forest.
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2: Distribution of QA scores of cervigrams evaluated
using MetalQA.

to train and generate a generalized model. The resulting
model is then used on the cervigram dataset to measure
image quality. The three-sigma rule was used as a thresh-
old to separate samples with low QA scores.

4 FRZERER

ROI extraction using Faster R-CNN was overall effective
in cropping out the cervix but failed in certain distorted
images where the hue and general form resembled a proper
cervix. Thus, the succeeding methods were necessary to
further cleanse the dataset. Isolation Forest was able to
detect some outliers based on the Faster R-CNN extracted
features. Fig. 1 shows the outliers among the samples in
a dimensionally reduced feature space. It was qualitatively

Q.

3: (a) Desired clean cervigram data where lesions are
fully visible; (b) Cervigrams where the ROI was undetected
by Faster R-CNN; (c) Detected outliers using Isolation For-
est; (d) Cervigrams with low MetalQA scores.

effective in isolating deviant-looking cervigrams and those
with medical instruments in focus. Cervigrams with low
MetalQA scores, relative to the overall distribution seen in
Fig. 2, were visually evaluated. Most were images with
extensive blur and were out of focus. Fig. 3 shows some
examples of the detected dirty cervigrams from each step.

Overall, the pre-processing pipeline is useful in automat-
ing the cleansing process. It reduces the amount of un-
wanted images for future model training. However, it would
be ideal to have proper QA annotations or scores to prop-

erly assess its performance.

5| B>k
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AR=D VT T—2EBEFBISA T/ R—> 3>

1 HROLE=R

ERNCBWTEEREMBEIEHRT 2720121, 28
A MIREDS, YRR & SR CHEYIRIER 21T S 2 e Y EE
THb. ZOXIRBRIRT LEERT 27-0120%, 4 =74k
N%E BT % 72D OBEMEFMTC, RVWHRKEZAHILT 57
» DHOLRERELA, 72 L B ohz KEDEHEGT — & 2 %H
W« ERIIHRHTT 2 720 OIERILBE AN E L 72 5.

2 WHEOEM

MR A X — 2 > 2%, ERPICBT 2 MlaERE% 3D
PORBOHE Gy U THRARETH 5. AT, RizWiHEE
WS 2 & v 7 BRI T 2808 7 v — TG, )
Hi{§ % BB 2O E BN T 27200 EmORRAED HE
ThHYH, ETHWOMREPEBEREHFELITS ZePEE LV, K
Wi, BELBREDTOMEEOEEEZMILL, (LEIcE
ST 0 — T ORFED S BN T OAREHE, TR
RIEHT O —HOFEMFAFE TV, T — X ERBTH LA DR D
EREHIET.

3 MROFECHRE
3. 1 £ A= JDHDENXTO—TDRR

HHEB BT 2 pH EOEENRFHEBIEL T, ZEEIK
BIFaHNBELZAALEL S AROENE T 0 — 7 DR
BiTo7 (BR@X 1, M1). AN L 24K/ 0 pH 857
1 —7", Red-pHocas 2% pH 12 & © WIRDZAL T % M8 % F)
L, HAHE AL B8 (FRET) KESSOREREIL
2. T —73HERETE R F—flor <y vaREbk
D7 VENDOAPEL . —HTHERETIZ FF—l@msE
DHNe T /T r—fllou—-XI EROBRNIERS Z L
TFRET 22 b, ¥ 7 VHEORE & HicRk@aainin
3., ZomHEEPEHL, K pH CTiMEiLZ ZAMELED
pH ITIRIFLT RF—flly 7 7t 7 & — D LR I b hs
Roehiz., dotmElks pHicfLTFry LA Z 5, pH
4.0 5.5 OHFFTHEMRNWRMEOL L2, ZoHEBICBWT
pH ZIEFEICEHAITE 2 Z 2 R E LT,

i, RUNVEORREAHULT 272D HN T —TD
BB IT o2 (BRI 3). R RIVEBDORRZ, ¥ 7 F VG
MR ¥ Dk & I EMBRROFIENC B WT, EERE
HERZLTWS., RIFETIE, EERRETIZIEROEME (B¢
OFF) THbh, XV 7HE% 70T % e #EE (B ON)
LR, RURTERNEIN S L BOIEREE (HEON) v
7% OFF-ON-OFF Blp &2 v R7GHN S\ NbLFa—T%
BFEL, XY VBEOSRERSLT 2B LZ. 20

M E— (RFREE7ERD
b HfE—BR (CZERPSERD
Rk S (TEERTZERD
BH Y (EREETTeRD
W RN (HHRAEITZERD
(a) Coumarin343 (donor)

o

Red-pHocas
(acceptor)

o

(b)

0.84

0.64

0.4

Fluorescence Intensity

0.24

Fluorescence Ratio (Em 589 nm/ 483 nm)

04
440 480 520 560 600 640 680
Wavelength (nm) pH

X 1: HERELZFH L 2L oA RMosi T a—7

Tu—7EHOTEBHOEWZ oMo TWE XY I8
T#» % MODC (Mouse ornithine decarboxylase) % HJtAH
THrrdle, ZonfEertb LFERIIZ AN T2 Z 21T
L7z,

3. 2 EFA A= UIICL B BAHEEIEDREER

MEWCLS B TEREA A= Y IERBREL, B
Raps A b ChEE) 2 D ED LA S 2 & TIEmacH
LTWbZe2RALE (BRI 4, X2).

IS 2E2METH 20, B LS IcHE%:
fEoTWBDPIIARHATH D, FHCBEFMIEOEMDB D X 5
WHFAL THEYNICHEEE2 T 200838 EhTW. BIFHM
R & 3 X 7z /X, Bl SERIRE O B TR e I 5 5 —
7T, BREHES EMINo b2 EET 2 22T, HOMN
BFAREZ TR 25 TR () ) AN AL v F 552 h
Dot BFHEMTO/NMIORD ¥ DX, BOEEELHE
Ry 2@z vETY v 7 (BHE) OkDORHAORERET
TH>BZEeDBHLPIZR ST,

3. 3 3DEMEKAA—=J VI TF—RICH T ZHEZDEHF

BAAA=2—F 0%y b7 —2 (CNN) ZHE I b I v+
YIUFFERIGHL, BEBEHREEZERT S Z 2 TXDIEMICEHE
Foffiftr BEITEMT 2 R L (ERS#ERER 1L, X
3).

45 5 55 & 65 7 75 B
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2: =y REFRNTOEFMROMF & /M X 2 FIRINA
DFHEDOHERIX

2 HTRIREMEEHNTXA LT TR < ILFRATA4 AT
BET ik, ERHEECHEOEREE 3D OHE L L
TAR=Y YT BHIEMWARETH 2. MEOBENE, SSAERH
e b E RN & B HIlEA OB A W 3 2 EERFEHED
—D2TH5. LoL, 3D OFEFTZHOMIAOHEZ B

T2DREH TRV, 2 I TEMETIX, CNN zHWY
WBHF R & o THRAMERFIELZEM L7z MIP BEi§o#ild

HGEEEL, F¥ 74 VEETE ZBORYEEE LAY
ATV 5B 1T S MBI A2 IR L 7.

Choose the highest-score
bounding box and depth

: MDNet ;
B

MDNet

R = 0.5

MDNet

| e 0.1

Candidates (bounding boxes) Scores
sampled from each slice

ndd; 4 t-th frame

3: RENMIREE B L - Mimer ik

HRWNF
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2NV EBELTONAZRERREDORES EDRHE

1 HAEOLR

2000 FARFITA & D ITONTEHRNDBA Y ) LT, DBAD
R 22 2 RN B FER AR X -V 2 L, PABRED
FERLER O TNz, —HT, BHEEICERT 2 8ET
RHE U 22T 3R ARIZN OB ¥ v S B OflE s 8wTs
D, BDALBRDOKRZHE HD 3 BMHELRIFEREIGEGHLHL
W7 AEROAFAESHRNICER I TV S, TE, BA
RN X R IENAREE I ey TR 7 — ZERENA
RSN Thh, EEEE RS X V)7 BRHEEER
DA VR—T 22— AL RDEBITT FAR—FHET B eH
o 3Nz, ZDZIX, Ry 7ENE EDOZ BERME
BucEB L, TOMERTAEL 2EEEAEREMICHEE TUX
PAEBRICEEXN2EAEEREZMERRHEATE 3RS
RLTWS (K1),

HIEEETIC, DAY ) AT —EN—2A0 560G L8R T
ZEREH L, #EETY ¥ 7Y — N HOMCOS[a] 2> 5H{5 L
T2 R R ENRHEEREEAG DY, RO RIEME LD
A BEFEEEE FEHEINICFEE T 3 in silico 70277 4D
WERICAOI L7z, X512, 2o7Fur s A2HWTE L Dfifiad
ABEBETERMPR OGNS KEAPL & v 327 D7 REFETHEL
FRWHL, ZoOEBICHIfEN CHEERS ST 2 N2 ME DM
JEAYEZ 1 20 > 23k [bl[c] 12 & b MEINICFEE L7z, 2Dk
B, ¥R D GTPase * KEAP1 OFHMHAEMFEHET L LTHE
THIWHL, 2o OMHEERPERCHSABERRD
KEAP] MZRICX > THEFICHEZ NS Y, £z, KEAPI
DFEFIHNC & 2 MPLETEEE D TTHEDS, [FE L7z GTPase D 5
LU0 DORBEEMGIT A vIcE b FrrerEZhE Y
ZRL7z. Thbb, ZEREFEFEBICEHT 2 Z L THAZE
WEDEFEEELTHHMEEERZMRICEHT WS 41
Dayte S DI IIL, £, ZOFEICK DA HGE
WAL ZHBMEEERAZHOPICTES 2 ER L.

2 RO

AEFICIE, Z0aryE 7 rORANERIANL, HCT
ERARKGBATEREN R SN2 FBXWY7, A TEREN
Hoha STKILWERL, ZRICK Y BER & THHMER
fEOREZB L. E3 b xF o0 —EESEKOBEK
WA TH3 FBXWTIZ, 28*F> 7077V —sinfii%
ML T c-MYC % Cyclin E &\ o 7= MR8 5HE AT 3 K 1 D 57 i
EHREL, DADOWIEIGHIT 2@ EERHORARIETH 5.
FBXW7 i FOZRIIEEFREZEET 2FIMONTE
D, BRICK Y BE L &I H 2 A E R OBERITHTHRAIZ
B DR RICOZD B AREMND2 B 2. —F, STKI11 & Tk

paEy Ik (GEEHETERD
LI s GEERIZERD
Nis A (R HERTFERE =)
SR i (25 EERESERT)

| O zm&mEEobs |

————.4=" (BioPortal ZR&EEMBEE
g0 F

EEBR 1

In silico &4 ’,§

b

|  o#emFoRRE -RE |

v RIS OR Y VY
[C & BEERFOBIE

.. Binding ;
\‘g. protein o ‘y
2

BEDMICLD
BERFORE

=

1: ZREMEFEROMM L AR T ORE

TThH2 a7 vFF—¥ AMPK OiFHELE N L TRl
JEZ IS 2@ = 2Fony, Milgss AR TIE STKI1 O
HAPHECR SN2 20> TS, 2D, STKI11
DEMERET 2R T, FRRAHEL—Fy b eRB LN
xR Twa. 22T, FBXW7 BLU STK11 zhz2ho
& Vo7 BOME FoZREMEREME L, £ho omEEic
EBRSHE T 2RF MM v R ) v ic & 2, &
BOWC X 3 REERA.
3 HRROAZE

FBXW7 B & &8 STK11 @ & > % 7 8 57 1k # 1%
LtoZBEFBEROMBEBCHERELE 0 s 5 A
(https://homcos.pdbj.org/cgi-bin/3Dcluster.cgi?’LANG=ja)
ZRHWTTo 2. 7, BLcHE LRt vy v 7k
EFROWT IS 0L BREMEBICHEANCERESE T 2/ T %
WL, HESWEC > TRZEL .
4 FRZEMR

FBXW7 & > ) 7B F oo RERHELBIZ, BMoX
BTH% c-Myc & DFEHEBTH 5 WD40 F X A iz A
Ihe (K2). ZOEBIHET 3% v 7 B Z AN
7BV ZIRCEDMIEL, BERAMECE DMLz Z
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2, FHEMEEERRTOEME LT420RTHBREE ST
72, 2055 3 O0ORATIE FBXWT OREICHET 2 EF —
Il e & ATED, FBXWTIZ & D 0% 521} 3 alhEtE R
WEhtz, —F, STKI1 & vo8 2 BhE o2 BEREER,
ZOFF—¥ R XA vtz (X3). ZomEsckHEs
TRRYRVERE LR FAROFIRCI DL 25,
R EERARTORME LTRAUL FF—E XA V2R
3OO FHRE SNz, EIRENZ 212, ZRHDEFDS
HD VDI STKI1 O REIEET 2 EEZ FFo 2 & 2R
.

3: STK11 MARE kDL SRR

5| A3k

[a] a Kawabata T. “HOMCOS: an update server to search
and model complex 3D structures”, J. Struct. Funct.
Gennomics., 2016.

[b] b Hino, N. et al. “Protein photo-cross-linking in mam-
malian cells by site-specific incorporation of a photore-
active amino acid”, Nat. Methods, 2005.

[c] ¢ Kita, A. et al. “Adenovirus vector-based incorpora-
tion of a photo-cross-linkable amino acid into proteins

in human primary cells and cancerous cell lines”, Sci.

Rep., 2016.
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[1] https://homcos.pdbj.org/cgi-bin/3Dcluster.cgi?’LANG=ja
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BASHEUIEEZEA LB ESERZHESH 7Ot ADREL

1 HROER

SBIERARLEE R IC B 2 2B X NARGTHEION R 21X, iR
WCHD E G IBRERE X DKWY R 7 TE 3 2D kkl
EHiA L 2N ETHOREETHT 2 e XN 3. REEM
B, YR M & 2N ED Rl RIRER T 21T S 7212,
REORB BFRABPBETH D, BEHIERVEEEIC
LoTE, MEOREY L, SO &5 MEMNMFEL %
HMEDOREDEFZ EIEL 72 & 572 Artificial Intelligence
(AI) ¥ 27 L DOMEEDATRE L oAU, BILCES K EEEBEY
WIS 2 L TRELRERELET 2. £/, BEREEEROH
TREIESRRZE O BB NS X CRERZI O BEIRRY BB
{ETE 2752513, BRHEMZ L > TIERE RIEEAHOERRIC
DRHMBD, Fie, BROBOHEREMICE - T, MEOREL
L, WHOMED 2H1E$2 L TREETH .

—J7, IR 3 TREDOEE2BIRS e TH S L WVWIH ik
WErzHELTBD, BAROBEERZK S X KBEEEHTRD
Tt RRBFIUTD3IDDRATF Yy Fhokd  (RFy7F1)
BHEEROWE L EO VY 2 ME; (7 v 7°2) {#% ORER
WKIRREEEZ 2 ; (AT v 7 3) BENLZMED S L FIE
EFRET S, LD X512, Wi iGEEOSIRIIh1D %
ARSI —EORAIEERD 2 Z e s, @A, EEBH
CIRBEETENI R HBI T 23 A, TF RS- ATFLRY
B OHFELTER. BERENTFICBWTY, 77 Y-
e AW BIERBEZE X g X7 4 (Sims-Williams, 1986)
X, IS OFENTIZE S 27 4 (Stephens, 1998) AFAFE X
NBEXNTE=. LeELEDXS, W, wAEE COHA
HEe, SBIESRRIEZHT - IRRGEITESERE S R 7 ME RN 520,

BHMROZMOTRNZEEMCSWIEZ 2, Fido (RFy
71) %, BEEHRERMEL LT 5 AR54, YR ICE
ADFEITD Ze TRIRERBEL, RIRZr o2 R
I TR, X512, ki (RFv72) &, EHXAh
TR S L OB R X HICEB TR T 2 EZ 5
N, HRSEWEZB RS X5k Al Y X7 LI & 2 FER
RDE[RETH B Z e TR ST,

Z 2T, AWEOBINE, MBI Ao SREE{GRES X O
BRI & 2 AU i3 2 iRt E 2 HWT, BASELHE
PRHWT, AR>S BEINICZH 2TV, X5 HERGEEE
HOVREITV, $LZONErREOSEICHRTZ LR
AISRAT L 2MRTIZICHS.

aNl T (EEHERD
THK B (AR
i B (BEARRSERL
Wl &z (IDS)
Chenhui Chu (IDS)
EJ# — (IDS)

2 HRROAE

LRRicEE I NN 1 THoREREE L D, TR - 2ZW-9R
ST - BE MBSO 4 o L, HEEIcEo <
HASHEBUEEF L EIMT 2200%EF—22 5%, 2L
T, M1WRTEIZ, UTD 32D TEXRIDAL T54
Ve LT, BIEREHAEZHZ BELT 22 R T LR T 5.
2.1 PFRR-H

REGTHEZEICE EN 2 BEOREBEZREM L, # 300 @EEHO
JREES NP HRBINLFFILDTFF A M HEMEL LT
FrR»S0ZMoaEItER & 27 2ERLT 3. BARSIELME
WKCBIF2R7 MVERETAVEZHWTHREXED S DR EEH
HETV, SVM R EOEBFEEET A EZHVWT LT IRIL
DEMEEEL . F72, FTRICHIET 2% FH L2~ LT
TR EREEITV, BEOREEHET.
2. 2 PWp—aEsTE

REFTHEZFICE EN 2 REEEZEM L, 300 MEHOMHK
BT UL DR 5K 300 FIEHOREHEE ORI E T %
RYNVEMBEE Y LT, 282 o omEE O BE1AER R 2 2
PERMET 3. BMOBIRES ~OVIIEREIE, HFEETEO
FIREIEE IERENE, 2 ZNMATWS 2D, KX 71X
HARSHUHIZB T 2 BMBARR LA URIIEHREZ 7
EZDIENTED. 22T, HEEEIHES HEHBIER v
$kiZ, Recurrent Neural Network (RNN) % Self-Attention
Network (SAN) ZHWTARX R Y Z2f#E<.
2. 3 aEFtE-REMITEHAX

HERR TSI B F R EABRIXANDOEE 1T S BARSENHEIC
B 27 F 2 NEBLOEMEAWT, ARTEEE BEMY
OFMANEFEICERT 5. 7, REHEE 2 BE AT HHE
DOXBT B XEND» S, BREEBUHIIBIFE2X T 74 A b
OFEMEHNT, TFRAMEGETAZIRT 2720 D%
TREMET L. LT, 2D o OIREGHE O BB X
27 v RIBEIZ, RNN % SAN IcHOS K EBYEE 72 I
L, BERATOESRHHE HEAERT 5.
3 HREROMR

SEEITFT R S OBK o BEIENRB L OS2 & OIREE
Wiz EEAERT 5 2 00 Al & 27 AW R AT RE 72 M RE
HHEADLE TV OFAICHDHA. ZORREELDT
¥ (1) OFFE R L
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1. 2IIO0RETT

2 EmIHENTT
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- LE W AE LA
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EE it OENESEINE 4 BLE@S
5. FEIEOEH —
BRI 2R TR D B YL mEELIT
£ b MR PEEL TI8

3 B TRELFIIRA OR
EREY ;:%?;il:ﬂ&?héhﬁ.i

1. Rl 4, @hEICEEN LT

AETE
FST Bo@EREEELT

Tanikawa, 2010

3 e FEEEET

2, &tk4. Elam 3 EBIETHIOFHEL

4, i P EREL AL T

3 L TEER

- BB O iR &5 o e

S AW =FRAFIAI A TRS 2, W R HE A
= S5 RE

F EEEEL

S EEWERCEEE DI

EELEES

rLEnEELSELEELALND r
-ELAOOBBEES LHD
VFEUET-FTHRD
-OEEEL

-------
® .

QLATMEL

THESN &R N

1: WrZEBEE

3.1 FRE-®

et LT, XFECHBRLHELZ LB T % Bag of
Words (BoW), XEICHHE L7 1L —X%RE T % Bag of
Phrases (BoP), #X2EEEEZHVWTARY PULL ZDF
BR7 P MK o TXFHZFKIT % Universal Sentence En-
coder (USE) iIcHEI FiE, @ 3 FiEEMA L. NG
L Tid, Multi Layer Perceptron (MLP), Support Vector
Machine (SVM), Light Gradient Boosting Machine (Light-
GBM), O3 FEEMF L7z, ZO5DOFIROLBOMER, £

1IRT & 512, BoP+Light GBM A &EMEEEZERK L 7=
£ 1: FiRD 5020 BEER

R EH TARRR Precision Recall F1
USE MLP 49.1 32.2 38.9
BoW SVM 53.9 35.0 42.4
BoP SVM 60.5 34.3 43.8
BoW Light GBM 69.5 34.4 46.0
BoP Light GBM 71.9 36.7 48.6

3. 2 BHr—AEEE

RNN Tlt, ANOKRES AR IEFRICHFAAAL, FTHEY
N7 MVEBRT 3. Z0%, BERT MLk SIREEE AN
NEIEFICHFTT 5. SAN TiE, ASTDIRIE S L% —FITH

Bk, JRRERI DRIREE B L CTIHRIAE 7 L2 IBE S )
5. INHDOTEROHEOME, R2I1TRT X512, PR
WWEENS PRS2 RNN 28 K D @uwikRe 2 Em L 7.

x 2: ZWid o OIREETE D BEIERK

Precision Recall F1

RNN 43.5 43.0 41.3
SAN 43.6 41.2 40.6

3. 3 FRE-BEZTS Al & 2T LDOEEKSBMED S
Precision, Recall, F1, % W 7=3Hfil XG5 EIE %2 /R L
F-RHEROMER L7-REY X b, BXOTREEHE L 0T
H 57 DERFRICHREE 2R T DO TIERV. ZODFEL
Fed AT LOH N EMECFHEX B2 Z 2T, AT LD
RIS FTREME 2 #ET L7z, ARED 2O BEIAERZ1TS Al
AT LOBERIGHATREME Z 3T 3 2 FEe LTAI R T 4
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FARTH L o TBY, TDFF T — RENIECHWMED
EEEAL-0TE, ERGERICR- s RIcR s, R
WEHEW T — & 2B B2, 2 OFREHEIC D LT 20
D5,

2 HMROEHN

EER T — & B RO IR ISR T B BTS00 £ < 1%, #E
TG R BRI H LGB ERENTTH 2 b, ¢|. AR
ZETIE, ARG CBIEIZIRS T <, BEEIRTORMY,
HIF ORI S & D TRBHER T — X 2@ L, ROHEF
DO CHBOBERPRBERR T 5. TBFYT — & DR
KIBLT, F—XOEDIEFICEKRDH 5 & 5107 — X DR
HEToredic, ERET—X T T —& & ORI
MF 5. Z2LT, 774 #EwET N (FR), VX LT+ 1L
Z k (RF), ¥ E—bRZZ—<¥—> (SVM) D=2 DHEM
B EEBA L COECEROER 2 HS.

H2 I Heah (EBE T2EWTERD
MBS CGERE L EREZER

B B CERE T0TERD

A SR (e R EATR OB RSB R HRR)

3 HRDOAZE

3. 1 RXBEEHRT—H

AT, BRICEHINEREOZBEEIR T — & (24,062
) RN 5. ZORKBEHERT — & TRIE), THEH) v
72 30 IHE OBIEIZA R Y, FHCHHED 24 RFLIANICIEC LT
PEPERTHNERTHRENATHWS. L2L, ZOF—X
BERERERHNE LTERSINEZTF—XTHD, BRORN
PRTBENLBMEIFAVSRTWS. flz13, BE#EER @
THIN) T, BEEEiRe 1, EHERC 2, B 36, 8Y
12 37, BRI 39 LED B, BED KNP ECEKRDSE.
07, HOKRPBEGREICE S F— 2 FRELZ 2D % %
BHT 2 Z 3BT ZEWEHW., 22T, 2hs0&EmENR
BAEZE F/NBRICERD D B EICERT 5. ZOF— XTI
kb, MEOIEFICEWDY 2\, MEEADRTDODSH,D ¥
W W D, HBRRE, IS, T Ehz3M
F T — IR EA L, Y SED 24 KRN
WHCLIhBErEHET 2 ETVEMET 5.

3.2 =ZDO0HWEBELENSDER

77 a#mETN (FR), 7YX L6745V AL (RF), ¥
K= IRFZ—<> > (SVM) ZHWS. BEEZHEMTLT
BoNER e RAER Y PR, BHALERE, HER2 (0, 1)
W22 X WCEHRLINTWE DT 5.

FR: SIHZ B Z Ve 6B — ANV — VB S
(SIRMs) 7 7 V4 #EwmETVEHAVS. £/, #HAZE
BOMES%E low, mid, high D=2127 73 1 7E|L,
B o=AR7 » o4 FADOREHDLEEE LT
T, 774 NV—VORHEELEL RN _FRICHED
BT 5. B, SEAZEE OMBINE < 2 E RN
ZRERITOT, Vy VEFEMAVS.

RF: WEADARE 100, X% 5235 RF 2V
SVM: L2 FHHb L7 b > BB - MER L T2
Linear SVC (SVM Classification) ZFHW\ 3.

T U728 HER T — XIS =0 DM R 2 MM L CoE
CHROHEETTVEERL, BEEREROMRNTZHAS. &
R, $% 24,062 fF (BREEK T — £:22,761 £, LT
BT — 251,301 1) O 7 — X% 4,812 #F (ERGHK T —
%:4,552 ff, FEEHMT—&:260 1F) 0 4 F—2EEL, 4,814
f (ERGER T — X:4,553 fF, JECHEKT —£:261 F) D 1
FREHFITSHEIL, 4 F-2EEERIHT—%, BhoD 1
T—REGETRAMT—XR T 5 5 HHEIREMRAEEE#AH L,
JoNTETVOHEMELFTMS 2. BEREHEKT — 28D
FEEHER T — RN HARBIHCZ W, T — %220 %
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£ 1: HERE
Eizi: FR | RF | SVM
EHRGHEEE (%) | 85.02 | 87.34 | 84.54
FECHER (%) | 83.09 | 81.63 | 83.48
EREHEAEE (%) | 98.88 | 98.81 | 98.90
FHUEHEHE (%) | 24.10 | 26.94 | 23.58
EEE (%) 84.92 | 87.03 | 84.48

% 2. WEBHAEWERE (FR 0O5E)

| TR R

5 2 fEbREEAIEE low: —0.36

5 2 fEbRERAIEE high: 0.35
% 2 HBHEFEMH] low: —0.28
5 2 43R high: 0.27

55 1 fEBRARAIENE high: 0.26

FHOWTHEE L0TE, EREERT X IRo7ETAN
BonzDT, T —XNOEREHELT — X H S TEHEK
F—REETH (1,040 thE 721 1,041 #F) ZFH > 7y v 7
L, EEERT— R AbtE7z 2,080 4H 3\ iE 2,082 D
T=EEFECHVE TS, ¥, 27— RBuctiRh
VY IAEHNE L, AR OERGHEN T — X & T3/
meErhvwzedrs, EREERT X0V TV IR 1T
mITV, B -2 PHT—XEEEHWT 17T O#EET LV
MORBZTZ VI Y ITNERERT S, TAMT—RIINT BHE
X, 17 OMEETLVORNMEOZEIRIC I DIRET 5. 55
NEETVOHEREZFAMT 2 & & bz, FEEHEHICKER
WEP5Z 2EROME DRSS

4 WERR

A TR HELEH LR ER 1~2 10RT. kB, &
HOUREE DBESKE W 2E 1 4EE, MIWHEE 2 4H
HrEw, fHE0D, 1, %2 K.
WERRDGEEB DR WD, 7o TLEF ML HH
WEEE 2 T o720, Zhuc kD, RLITRT X1, FECHRE
HRGHENOFREREY 80% M iR sz etk 7
BTN HOCT I E 21T o 12581, ETEERO
HEERIZ 20% (27272002 720D T, KIBICKETETWS., —
HTHEERDEELEPEL o tzh, el r2EMRTAET
BRCHEROBFBHENGVETVOLEPEE LV, £z, K2,
3 TlE, TERERALERE ), 155 2 HHEEMER), THEmEA» Y
57 BDEELEREK-TWS., YEEEINIMEI KX WVIE
YREEr 20T, BENKEWIY, FREHAIKEWZ
PHEHREZDPTVE WS XLLHSNERMIE SN
S%IX, R4 7L a—K—K Y DEIT — X MK

K 3 WEPREVHIHLE (RF & SVM O5E)

RF SVM
AR R AR R
55 1 fERRERAEREE: 0.17 | 55 2 faRRERAEE: 1.93
B E 2 &5 22 0.15 | 25 1 fEPREEREE: 1.74
5 2 fERRARATEREE: 0.14 55 2 AR 1.28
5 21TEAL 0.08  [EHEDHERDE S A —1.17
55 2 H4HEM]: 0.06 5 2 LHHEHFH: 0.82

7= R i Uil sl R T — 2 itk 5, £
T & D ROSSHESIT OB DR Eh 5.

RFFEZZATT 2ICH D, KRERY: R¥BENE TERTFER
O Ef RCERaIHhzwkZesli. Z2ICHER
RLET.

5 B>k

[a] BRF, SOEBEBMAFHERO A — T > F— &7, hitps:/
Jwww.npa.go.jp/publications/statistics /koutsuu/
opendata/index_opendata.html.

[b] w1, MR, &H, i “EHROERERRT - 2MAL
T I G & DR O H”, % 18 Al ITS > Ry
v 4, ITS Japan, 1-6, 2020.

[c] B, “EiEERICBIT2E Yy 77 —4% (ETC2.0) ZiEH
L7 5GB R RO D HAITDONWT?, FF 3 FER F
ATy T 3B R, B E A B R TR R,
2021.

RRWIXEF

(FEER)

(1] BP0 Ehe, 520 HEsh, AR ERE, B EE, L 2=, BRI
T, SOEHET — X ORI X 2 BERFROBERGER", &
37 7794 AT LYY KRS L, 675-680 (2021).
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LR e 55 AT DESA

SRT LTYA VM - BEA J R—=a v

#LWLWIRILF — RIS IR DIREED 1= 8 DFFMTTEN T — F VS 1i

1 HE0ESR
EETERMEALZHLDCEALIAINLF —EHS XT A
(BEMS) OEAHFIAMZTETED, BYLETOI R
F—HEOHIRE BN LTEET 2> X7 20EMANMTbh
TW3. BEMS TIXELVERRICKE SN2 EEEF CO2
B Lo TRARS o 2k v —HBilREFAEL,
BPLCRIEEOREERITS b v b1, RHFD BEMS T, H
BENON T EE G B ERIF - ZRESREFAE OERIER
U THEYNCHIBE L TH— 22T 2 2T, FELE
HEEZHIRT 22277y PR BIAZEHS 27 L DHE
ADEBEINTVS. LiL, I TREEDFLRTEF
W3 2ZeNTET, HIZITHNDLD D ZROKELD 572D
ERNMER SN 2B TRIALF —HBIRELR->TLE
W, AT 3AF MRV FHEENTL F S R ORES
HoT-.

2 BREOEN

AR TIE, BYOERRERE 2Ry Y Ick D EEI
FHllcE 2 EMiERE L, BYNOMIERI 2 CE2EE L 725
LWiHIHEEDIRE T 5. T b % b LI ATRPEENERE -
TEIOREMFHIZ TV, ZoEEEROBFICHAT 2725
DT —REWUE - T3 5.

3 WMROFE
FKA2EINETI, 3XTEREL I LELNS BT —
RERWI N> Y TFRERRRE - Aoy 7 4o VR EH
WEBMAYOBREE NSy X 7 REAL, 53R ETER
W& D ZOMBERFME LT X . AEEIZERA D 3 Kol
€ ¥ (LiDAR) 1 & 2% &N 2 [LEFH O AHRE 3 KT B
EFRWT, Ha R ANIPERT BB T TOMRETHEi % 1T - 72
7D ENSIZONTHET 3.

4 WEMR

EEFRE L7285 @ LIDAR 225 3 XotmBi 2 IUEL, 2%
FIEZ L BIEBOBITE N5 v 3 7ERERFHI L 72, EERER
BER 1IORT. HEEEEOF 28 TiE L7z LIDAR 8
ars, HIEEEDZEMO 3 XAz NE L. LiDAR
¥ LT LIVOX #® Livox Horizon ZfiH L7-. % LiDAR &
PRIEI 2> & O X254 3.56m OALEICEE L7z 2021 FHIED 2
BREICHZD, BEFRT 10 K 5F% 8 RO &AlT — & %
IV L7-. & LIDAR 228 oh s 2hzhosff e LT,
HNCERF LT RRB T — 2 2 TEREEEHA L, #
REHEEE7 LIS L. X512 8 5D LiDAR DML
BEIRIcZhZho LIDAR 25 ORiREAREHRE L, ZMe
ROMEINRIR AR L. MAEB X URERORR AR
W1 7L =272 18,9845 HEFN TV, ZDH
BRCH L TBRTE LA P EB XU NS v XU 72 EAL

T SARE CIEEFHERTZERE
TH &z (LEERERD

ZOWREEFHM L. WEAD T v F v 2 MHRER TS % 72
8, ARWFZETIE Multi Object Tracking IZBWTHWSHA S
CLEAR 18#£D 5 5 DUT O fHilifsfE 2 £/ FH L /2.
o MOTA: HBAD FZ v XU 7B 2 ABHB LU
IDEEToREERT. X (3.1) KTEHEII 3.

> (FPi+ FN¢+ IDswy)
Zt GT;

K (3.1) B FP,, FN,, IDsw, GT; 1%, 71—
Lt TOIDELETOMOE (272U IDsw ITHET 3
BAEFERL), Mok (FkL) 8, IDEETIcB
3% ID ABHLOE, BXUOTI7L—4t TOEDAE%E
FhrhES. 7B, FP,+ FN; + IDsw, DEX{HEIZ
GT, TH 5.

o MT: 2847 D55, 80% MU LM TIELL Foy
XU ERFAIBTEOEERERT.

o ML: 2%5f7F D55, 50% LUTOMMTLAELL b
Sy XU IRITARD o BTEDEEERT

o FP: £47% - 2R 2 MU 7232 ID HIM T £ 7.

o FN: &3:7% - £ E2E AR LEERT.

o IDsw: £%17% - £HMZ@E U~ ID E4TicBlF 3
ID ABOEERT.

o Frag: 2817% - £ ZET, FNITHY T 2 FkL
W& OHESE I N B ERT

F—Xty D52 MO F—xiIcxL, Bl X
FOERER - RRFUETSIHE GREFIR), BIUTITbRWY
E0 2 HECTHENZTo7/. ZOBEER 1 1IRT

REFIETH3EAL XY P OEK - DETROEAIZ X
D, MOTA 75 4.7% fEmM L L7z, Z48UE FN OfE KRR
DLIldTH?. Ath - DHEFUIENES, GRICEIDE
BOBTENE—DHTHE L ARIN, ZOMEI Iy F>
B 2EZEBEA XY PP FELRVWEHI XN 729,
FN 0% e 3. EHERAPERT 2REPIKT L, HY
%2 DHfTEE ZNENE—DBHlEZ A b LTHRAITE
7eBE D, BB L 2BloTE Th % L HE S IDsw D
HEREmxEs. —F, BEFELEA LGS, BRAD—
SOBHE LTHEShZGED, Bl X v %2, FHIL
TWBBITEBICHEIT 22T, ZREFRDHTED NS v
XU EMET A A TE, FN Ofi% IDsw D% D X
BBIENTES.

AN ERTEN L7 X FBAEKRT 2RI ZRT. X
2, K3 IEFA—0BHF—2IcH LT, 2heh, &k - 7HT
HiaL, PHBOTEFS v F U I 2fToERTHE. I
ORIFRBB LB LT E R X FOMEXKTH D,
zhzh (a), (b), (c) DIEKLIFEELTWS. A—AY
LTEHFIvF Y2 LTWE R MR, BRI TH-

MOTA=1- (3.1)
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Lidar-1

1: 3 %t LIDAR BEEB X CEG a5 3 LR ORN. Ats X oREo SR zhzhIS Sk

20N, HIRAEZRT.

HRAR URmEC X

# 10 AR
MOTA | MT(%) | ML(%) | FP | FN | IDsw | Frag
Bl 72> P OAM - HHETFRIRL 423 34.6 85 | 12 | 12
B A L OBH - HETFUDH Y GREFE) 65.4 19.2 65 | 8 10

THE—EDNY YT 4 Y IRy JATRENS. ZOHMET

R (a) T 2 ADBITEDED T b6 LA ICmm N EH L

THD, B (b) T2 AOFFEOREME /A 45158 L

THEIENE. 2 LCHZ (c) TG 2 AOBEHIE 7 2 > kA

BHEh s, RBRZL (c) TRAIOBITE B FINEZ8#iE L

TWwa. FHIZRLDNZ v &2 7 TR (a) THHZATY

TBATHE 11 e TE 12 2%, B4 (b) TEMAERL, B—0BM7H

11 LTSI, O, HITEI120 7 v F VIR

Mz 2. BURA (c) T2 Aot X v raliansd e,

Al (a) TOHBTH 11 3HTE 13 D, F57H 12 3%

THE 1L ThdeikEhiz. —7, FHdDOGE, KAl (b)

TEHAE 7 X Y P HEELEES 2 AOBTE DM E TR 2

WMTHZENTE, KLl () T2 ADDEIT XY FERoTkE

WCHKRK (a) OBTELFA— AL THEL M S v ¥ 7%

MITETVWBZ bbb 5.

(FRHER)

[1] Hamada Rizk, Tatsuya Amano, Hirozumi Yamaguchi,
Moustafa Youssef, “Smartwatch-based Face-touch Pre-
diction Using Deep Representational Learning”, In Pro-
ceedings of the 18th EAI International Conference on
Mobile and Ubiquitous Systems: Computing, Network-
ing and Services

[2] Riki Ukyo, Tatsuya Amano, Akihito Hiromori and Hi-
rozumi Yamaguchi, “Pedestrian Tracking in Public Pas-
sageway by Single 3D Depth Sensor”, In Proceedings
of the 2022 IEEE International Workshop on Perva-
sive Computing for Vehicular Systems Co-located with
IEEE PerCom 2022, pp. 581-586

3: B DRTUETRoTHEDO YTy F 7
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LR e 55 AT DESA

HAE T 4 R

FEBHER RNA ZiRB & L IBER FRIREGMEOFIRIF ERRE

1 HAROLHR

FERIER RNA OAKICBIT 2 EERKZIDHBAL, BT
RNA #E{R5) FRIE S 2HICHEATWS. RNA KD T
BIBEDAR LAk v 71k, RNA — K5 THEE KD BRI D 7%
Wz, &5 F ¥ RNA OBEERERIEN 2 EZLZ S
7 DEERED FHLRETH 2 m IERT 3. 2 E
T, THBHDR MRy ZRBEHT 2729, K7 F- RNA#H
BRO R T (H29,30), 1&5F - RNA BHEMRERR
7 DRI - WEREGERNT (H29), 27V —=> 2757 — &5
73 XL (H30-R2) %2, KT - HATHED, %Kido M4
HWEE OISR LEBENES - BE L OFEMEFRICEY T
7z,

hR 7N — 7Tk, RHE TS 7 XEVHEB (SPR) £V 3 —
ZHWT, RNA B TFOMHEFERAER ) —=2 L TE
7=. CZi#k1) SPR @iz xai— 7y FHMEL BEICBIT S R
7)) — =Y IADOFRANE D 20D, KD T ORI T 5
BB B0, BNZEEHH SPRES IO 7 7 A4 L5 HH
TE 270, (LEVORMEMRITICEE RERERETS. 2
OFRHEERE BRI AEVPEMRTE 2LEYHENT 4 —F
Ny 7L, RNA - K5 FEAEEROCFNEROEL, AISEE
EDPFORKBBULEMOER (5477 V) 26 RNA &M
{LEWEMHBE LINER (74 —H R N4 T750) DR
frFEh 3.

A B No.1,23 .. .. 1998, 1999, 2000

.‘
Pick up 100 non-hits

L T
%0 i& J randomly

No.1,2,3, ... ..197

LEwE
-

Y

SPRIEE

non-hit: 1854

AR () Testing (60) Training (137)

X 1: (A) SPREYF—ickdby b /vy MLEHOS
#, (B) ¥ — &

2 BREOEN

RNA 7 + —H A4 T VBERO7 LT Y XL,
BISENZEIC Y o TRESRMBEDY — L ¥ 7 D, 2 ORIl fE 368
HTEW. it OWIEZitED 2720, KK TIEHRIZEEDN
INE L 20D 28 — K7 FHEMER SPR 7 — % O E#EF
WIfERTIC X %, RNA RS FER 7L 20 X L 0F % i
Dz,

SPR f#HTTI%, EEWEEEE, HERREERE, HEER,
WEEEEE, EEREFoBmIEONS. ERORET

W IR GEESEREITSEAT)
e MIEZ GEERFENTZEAT
T .z (IDS)

1%, OBARIEARERE GEE 0~200 %, Hill, W) o, I
MY ¥ $1C SPRGRE () KELRD, OBEAKRRE
BRI BV T (200 BLR), REICHA L7bEY ok
PEEEh3., (K1 A) ZoOA Lo, EarhERd
LU IZFRBEREE ER, HAROTERRYICLD, VARV R
H—TDOHKB RS, ZhoDEEREK - BEEERIS S
LR TFICE D ED LS ICRBEEINE D, £/, ZOREBHER
—EER RV IR, F OB EIMENISER T B1E
BYERT LTV AL LTEMBRY =L e LTHIHATE 21
FTTH5.

3 WEDOAE

SHITAEE D 5 /M 2 EE X TIZ, SPRAZY—=>F77n
7 7 A VORISR TIC X 208 Hig L, BISEMIELREE 2000
LEPH L TDORZ Y —= v FHER %, 284 5 FiidF200 5
RN (PCA) 2EML, RBEOREHEICX 2987
NIV X LEMET LTz R, BHRRTIRENRNEEOHRE
A2 HCEES o 7.

SM3EEX, 7+—HANTATZVHBEDOT LY XL
FRZEHIEL, &4 741V AN (RF) IC& % ZEDFICH
hiHATZ.

4 WHEMR

4. 1 PFERFICLZEEMOT—21

L@y, 284 HFER T &AWz PCA @i Tidk v b
fb&mE N REP o2 e h e, OB TFETIIRL
BYOIENIEEE DT — &b TE TRV EEZ /2. *
2T, #5000 O FRLdl T TCEART B Z e TE RO Y
7+ =7 Alvadesc Z W THLEWE T — 2L, BRD
RF 12 & 28285 I H W .

4. 2 RFIC&Z98E

RFICBIF27F—2Hiti7e—%2X21ZR L. AP FL
DA V) —=v7F =Xy MLAW . 7 vy MELEYO
BN 0 19T, 20FFE¥EEITO 52/ ey OB
MOPBEPRXNTLESIEEZ, /by 270841210
Or¥vyZ7v 7L, kv bh: /Yy br=1:10RDF—%&
UXFEERLE. &5, TANTF =R b A=V ITF—
X=3:7nEL: (K1 B)

K2R LY T — 2% HWT, RFICX O EHEE T
NEERL, TAMNTF—XERWTELNZETLEFIEL 72
(M2 FAMF—ZHFD3 3y MEEYDOWN2 2HBIEL L
by b HEIN, by bOIEERIZ6 7WE/RLE. R
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ey MEI27LEMT 19, EER7 0%%RRL, +9T
BFRWHDD RFICXB3FEENTETCWSZILERLTWVWS

cm normalized cm
hit " hit 0.33
non-hit 8 non-hit 0.3
hit non-hit hit non-hit

X2 5UXALT7 5L RADFER

4. 3 REIWRE

2 T L 7GR D3, 1B TRULUED YT VT DRER
BABWHEEZRLTWAAEEEEE R L, XEMAEEIT- 72
by bh:/vbyb=1:107—&%2 558 L TXERI%
TolMRER 3 12RT. FHROCIET72%ERL, 2D
BAFTINRLIMEE X —BL TV, L L&D 55
D ROC 2BET 2 RIEV 94 %Hh HHEDEN 49 %ET
AUC(Area under the curve) ® 7L avK & <, EHERZE (7
7 7HREES) PR EW.

Receiver operating characteristic

N
o

o
©

o
o

©
N

ROC fold 0 (AUC = 0.78)

ROC fold 1 (AUC = 0.61
ROC fold 2 (AUC = 0.81
ROC fold 3 (AUC = 0.94,
ROC fold 4 (AUC = 0.49)

---- Chance

- —— Mean ROC (AUC =0.72 + 0.16)

0.0 4 + 1 std. dev.

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate (Positive label: 1.0)

o
)

)
)
)
)

True Positive Rate (Positive label: 1.0)

M 3: ZZEMRLDAER

5 fBROFLY, ERLSEBROFE

SEHW 5000 D7 FieidFicik, BREESL 777XV
DAY >+, ETA (Extended Topochemical Atom) &
# - Atom-Type E-state 6% - 3D B 4HE - WHIM &b+
(Weighted Holistic Invariant Molecular descriptors) - GET-
AWAY itk 7 (GEometry, Topology, and Atom-Weights
AssemblY) ¥ 3 KB FEENEEATVS. Zhb
DB NS DN TRB T RNA BED FORFICEEIE
BT 20EEDH 508, AHETIE, PIHABRREE LT2TORMA
ATREZR 7 FRCilk F &2 VT ORE O THIREE 1S b 2 22
AL

RF ZHWEALEYR 7 ) — =0 7 F — X DKIREEE % EiR
3528 T, SRPBERLT D RS2z - Tz,

1. BRI, (bEMR 7Y —= v Z7ofERIZey b2
by P EOIEFIADBRNT -2 %2525, REBRTHWEZRY
V—= Y F—XBEMET, by ME2000LEYD S B 104
ffl, 5.2%TH5. O, TAFTF—RIZBVWT, LEYE
BT/ by VERETZEFALTH-TD, EERIT 48 %
WIET 2. BHEEICBWTIZO 5 %IEEL R WEED, A
RORMKMLE S A4 75V oiBHENL y MEEwEME
BILICHBD, BROBEWEFLTHS. AFETIZZD
7oy b ey bOTF—XE 2HMEL,
AT/ Yy bOT—=R%2@FOT 7 IR —F%2fTo7. M2D
FERED, By by MICEHLT T EREOERME
TENMBICHE T 2LEMsFHlEh, H2EEey MEE
MOREMRFETELZ PR INL. Lr LRSS, K3
IR L7 RERGEORERZ, 7 — RBOP 72 XK 3 T3l
FED TV EZREBL TV,

2. K TR 7Y —= ISR LEWERL, ok
U DRAIBELEEIC & > THESIHIET2EW A T H
5 MHCHAELE S RLE) L LTt EhitaywTtd
D, TECHETAERRTHE7 I/ EHESTHCEDL) 2
R TBHEREN E DR &Z v 3> VBRI & 3 EE K
BOREIIAHFIN 2 ERBREEL T TNICED) 20O
WEF-> TV, Zhbilx THBESSTOR LT, £
TNCFEBEIRIREDND B0, RRAZ V== 2BV TIE
by b/ by MEEWRA IR DRBOREERTED,
AMETHESNTZETANZNS DRHEFETE TS T
EZIZL W,

SR A 1E RF ZHWEDR, 22—y FF—Ri2nih
OMEE ZAVTWICE &, EEEOMBEERRT 2 B8
hrrEIZLNS.

5| Ak

[a] Shibata, T.; Nagano, K.; Ueyama, M.; Ninomiya,
K.; Hirose, T.; Nagai, Y.; Ishikawa, K.; Kawai, G.;
Nakatani, K. Nat. Commun. 2021, 12, 236.

RERWNF

(FEEK)

[1] Qingwen Chen et al,“Machine learning-based classifica-
tion in small molecules targeting CAG-repeat DNA”,
HAMIBL A REF T + —F 4, 2021.

[2] Qingwen Chen et al, “Computer-aided classification of
small molecules targeting CAG-repeat DNA”, ISNAC,
2021.

[3] Qingwen Chen et al, “Using machine learning to classify
and extract features of small-molecule libraries target-
ing DNA and RNA”, PacifiChem, 2021.

SEES)

[1] 2010-2021 4EFE, BB BRSE HETI% A, <V L —
MECH 2 R RANCLAERi T2 Y B — M ETE D FORIRY,
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[2] 2019-2021 R, BLARFFTE BIAE PRERAVEAEFIIZE, B
R FEEEIEBBRFE O REPERHE 7, (1K)
I

[3] 2019-2021 4R, BlIAWFR BB MRS FBHK C, “BEME
L7V E— AT Yy ETHENICAHY I~ —{LT 2 ED
TFOBZE, (RFE) (LEE®

(4] 2021 B, ENIEMEBIZE 24 (G FRAE

[5] 2021 fEEE, ¥ OFFERFR 31
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- BT 7 A

YIEA VD3I T4 RICED ‘B ZEDAL” R

1 HAROLH

Z < OYFEBRE, IEREEICER T 5 2SRV HRICK
fixha. BlziE, EXKET L7132 0REFT, HBREREE
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FIH5 ¥ ST SR EEE B B R R L G E o B
W53 SSIM (Structual SIMilarity) ZMHAAAT,

3.2 HE2NIFUTHR

THEEOANZ 7Y 7 EARL. 22PN ELZ0BIZ,
BMI AR =D T E To 72 TRERDIT A X—=D
VIRERD S, 2 E LT, N2 TV 7 OlRERHE L0
B, HRIDOANT TV 7 SDFEHRART ML Lz, —
DDIIUARX=I251F, BLZ, 100 D ZRRT FLEMK
HLTBD, ZhZhDART ML EEEFIET, XIZTV7T
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BOHEZ NI XL BRI, 28 - B L TlE,
HLUEEANZ TV TDARZ FADIH 95 eEBHE LT
BAT, AL, YD 5 %EFHEHA L LTHW:, ¥EAE.
P D7 — ZBIROFIECE LTI a AN F—>a v %
1372 > THIBIOFHli 2 4% D R LIT - 720 (X 2)
4 WERR
4. 1 WHEMR 1 MR

K 1A WKETF—&2Z2 AN LEBOMIEREZRT, HKD~Z
DI, FERED SVD UEZITWV, 4 XERELZDBICH
GRS E L7-FER (K 1B) v 2% VAU 283 ISR
For LR (M10) 2R7, HAEBGO 7L Y XL
TERNLFHMIEE L w2, RO GHAEL HKRET 22
THME %2 1T o 720 MEREODHTHER (K 1B) kT2 %
YDAy ANDEVEIHDZ DD, FNEFNDDTED A
PEBEIZHEEBETLIIENTES, —HT, ET—20BI~<
YNV REBELTHBRLEZ TomEEG (K 1C) LT 3
. JAXPME SN THIROMEDIHRTES X5k -T
W3, H1E 1ms LUFTHBETH b, FRRINICIZ 2 51
EICHH AR 2 2T, FHITGRBICEH R RO R 7 Y — =
TWCERT 528N TE S,
4. 2 WEMR2 NOTVTHHR

X 2C 12, AR 288, EERE2RT, WIhon
TV 7BV TH, 98.5 WU LDIEMELER L. 255
N7 7Y 7 OHERINCET 2RI 1ms AT TH 3,
5 SEBOEE

R L7712 X A%l EICHARATL Z 2T, FHIIL
72 DI TR TE 2 & 5% 27 ABSICHD i, Mg
FrcB L T, HARRET /4 JLEBIThATWE A, H
THERICELTY 22 CHiffsh 2 HAEIGEWETH 200 %
5l &t EMEES 2 MEED D B, BARMICIZF CHEET SN 0 &
RZEGEIRFLTESNAEREKRL, HOERICHELS
T—=T 47477 bOFHBBRBRETH S, N7 TV T ETICE
LT, FHUOBGTRBICAZ TV 7 O, REFEAZ 5
TEZXORMREERT 5, N7 TV 7 ORI X > TiX SN
MELBLZZePOIPoTED, INEZIXRFEALTNVIY L%
MR TE UL, 2L OEOANZ 7Y 7IHSTY, £/, ¥
BT - 2B HOBRICIIEREEOMEL TE 22 MZ 24
ERHb, ANLETFT—XEIAZT) 7OEEOMIC, ik -
ROBEHELREOPHDEEEEATED. BBOMERS, &
W E T RS LIEMETCLOVUETZ 2 2R LT
W3, EZEORZKICHAI T, I~rafE Lads, B—nS
TV 7 UANOVTHIBICEESR A 2 DAL, Y =74 V27
BB ICHETZZLHFLTNWS, 5%IF. ANZFUTOY
TEA TRMBERE R DT — X EEFR L. ERMICHAT 25
BREEDLTETH 5,
(AEER)
[1] 2020 4EfE-) JST KRAHZBLEFZE, “971 - Ml D7~

DOEKE T < U NEMOBR”, (KR) BH =E

A) FEFEOCLOER

Cy Bl Lot —S I SarRaE

X 1: MDY A4 A=Y Y ZOMIER Eho> b rua L
o RURVHE, BEODHE., 2ok ERE LY HMK
EfERT, A) EEEEOHIIAE, B) ko SVD L%
DOHMEEG, C) EBEUMRLDET— 255 DFHMEKK, X
T—=AN—=X 10 4 m,
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2 @

A) @
Machine learning
Seyn:naﬂm Deep Learning
' Spect llecti ' (supervised)

Purpose: Discriminate

Raman imaging
of types of bacterias

Bacteria x 7spices

B)

SRA AT ERRE - ST AAT ML

K 2: XZTVTDTVM. A) BErHN. B) v A4
R =TIV F Y EBRFITIC L 2 27 A OMTF, C) 7/
HONZ TV 7 F—ROGETR SR,
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- BT 7 A

WHFEZ BRI S3HRARALRIAMHEORET - S T L

1 HAEOLR

R E O AIBLC BWTIE, SR EFAE R 72
FTRL, Y AWERB AR TH D, 1 208D LT
B KRR aR N EREY T3, £, BWEEER AT
2ILEMTH-oTHDREBEELINHETH D, B LTHET
ERVWEED AR LRV, TR B W TIE D TG - A
HEEICEMEL T, WERDbE ORITHIC X 2%
BIRTIRAEZLZ 00H 2. X517 VU 7ILERITBWT
b SDGs(FHirlRER BIFE HIZ) PEEHINTE D, AL,
Brifl, A¥— 7y P2ERT XA oL 22 BEA
WA S 2 0B H 3. ZOLSREROT, FREFRLEE
(CPL) 23 2FHAT A Y (K1) ORIV T
A E 2B T2 2 e THERNBZSTITATHEA VRZD
BREERRTE2 B8 LE. CPLMENZ, 7412 —%
B Y F ZBPLEAME  ARFHREIE NI e h S H T L
¥—A3D 71 A7V A AR, WYREHIEA LED, »AM
faofikRk ¥ ZIEICE R AR IR THE DD, FhHE
DT T4 REOEBIITHEIILFEL T 5.

aé PR (CPL)
Q ~7 -%D—;»rxj’l/r
) 5 FELED
X Y —
SCHE.
hv  *®E)— =%
AFANYEY R\ MEELTIERAT

(X=0,N, S, etc)

K 1: AFuAvtry CPL OISHHA

2 WEOEM

AWEO B, THREE ML) cEEAEE2FHT 3
PORMRAEFEN D TGS 2T 41 ORI THZ. BRI
CPLAFATOANY LY 2HEr - 7Y A VICDFT I 2 b —
avEEHL, 78R TIE 15— RIEHIC X 2 AR
FIBZEEOFH 21TV, T—2E U T4 IS X 2M5EEEE
HIy26DTH5. BiEMEIZ, ML IEHICX 3 ARELICE
WTARA R L & vV F o5 X — REFERIC K % BIRE R
RIGEMETHIR, BR¥itBick a7 >0 CPL
FHNFFETRNCONTHE L. SEEIX, 518%TH CPL
FUEEE T2 Z e PHIRFEN 2 A & 2 & FERICA G L
¥EF-20Br &M EREIELZ. ¥z, PI (FrtX4
VI FART AT A) PERIZK B AT =T v TERBRE LT

ek B CESTTERD
iR A (D

BE B (PEDD

TR CRIRREBE AR RD

3 HRDOAZE

AR TIEANT BNV LY EBERT BB, IENRRREGK
RIS 7at 2 TlEk <, BRIC K o TRIGEE 2=z iEE
{b¥ 2 EREIGICER L. ERMIGIE, BRILZEHRERD S
X —=RERE(LT Z2RENRD D, KIGSIMETDEREC 2 2 {HE
MRH 5. SH2EEICETARIGE LTT I YOBRKISE
FRL, A ZARBELEIEH T2V FRIXA—RAT Y —=
Y & BB K ISR TR ERET Lz, AEBTHE LN
FEBFEE, TiHATOANY L OEMRERICHISHL, &
LNTATEANY LY DF IANEREEFE L. £z, B
2 FETHLNATVS ML FRIAIRZHIC, & CPL Rt
BT 20 FOERERE L.

4 WHEMR

4. 1 RAXRBILZERT 37 XV OERBIERIGKGIFER
SR 2 EETRRIRT IV 1 24 3V 2 18T 3 BREE
fbRIEZETMS, £ 5HOFETF—2E2INE LK, N4
Xibic & 2 Tl EBIC X 2RHiiZ DR L, & 12 @O
FEC X o THNERMTH B4 I 2 2RIFRIRTEZ 3
FOGZEEE R L (K2 BB, FRkc, BlOBK7 I~ 3
DB ISEEBFERIZB VTR, ARELEFER L
22, B THOFERIZE > THIGT 24 I > 4 BRAFRINER
THRoh (K2 TE). MECOEE—REOREL X7 —
ATy TEBICET 27— X228, Mkt LTHRLE
CREFRMERERL [1)).

0 i‘i QO mETF—4shlr
. _/OC;S/_O R _/&Oj’—o (8 to 65% yield)
A NH — SMA 7 _N RAX EBMT—4
_OR  LiCIO,4 (0.19 M) OrR @1t 7451
oFor _CHCN 2 Plon mERIEK
45°C, 120 min - (72% yield)
1 up to 98% yield
(10.4 mM) 11 examples *a(R=H, R =i-Pr)&E A
EERT — 2501
_ c\)é//o _ Qé,/o (14 to 62% yield)
R T W —2MA o ZT KX M-S
x LiCIO, (022 M) Y it 2451
L CHCN ke BRI &
3 40°C.120min o 04% yield  (67% vield)
(11.7 mM) 4 examples *3a (R=H, R = Bu)&fEf

X 2: 7 3 ¥ OERIECIEDEMARR

4.2 FHRATOANVEZ>OT—2BEHBREH

SR 2EBICABLAELFRFS HAANY L5 2 - F
T =6 DHhy TV VT /BKRGEFRKIGIC X 2T B
Uty 7 OBEMERICE LT, FEoRISESORELY 2T
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J=0.51 mA/cm?

BugNPFg (0.1 M)
* CH,Cly, 1t, 90 min
HO. N (undivided cell)
/\/R" up to 86% yield
6 28 examples
15
= (+)-7a **= (-)-7a

CD (mdeg)
Al

[Guunl = 3.0 104

220 270 320 370 420 470 520
wavelength (nm)

3. AT AN Y DEMRERY ¥ 7 NVNERME

LY FRRICKIGEE S X OCEMREOMEE, BIRME, KIGHRE,
FOGHEE D 5 DB T X —& Yy, BEDH T2 HR
FTRA=RIDOWT, T 5[IREDEE T -2 NE L. £
D, NA XL & » TRITHRF TR ERISEEO TRl ¢
EEEEDIR LR, ARIGICBWTHHDATEAY &
VT RRIFRINERTEZ 3 RIBEMEERH L. BEME,
BB LTTF S TFATVEZ T AANFH I BEKRR
77—t (BusNPFg), Aty LTy 27nnm X &> (CHyCl2)
ZRHV, BREE 0.51 mA/em? TERFPLELTICTRIGEHE
fdze, Yr—LBRe 75 VBEEDL [T AVLY THEL
Nz (K3). RREOEREFAEHICOVTHELLL 25,
TaEiEPa— FERYO LU, ¥FaSs—  RYLE
ERORCEEDEARRETH D, Al 28 BEOANV LV RS
ML Bohiz~7u~V+t> 7a (R=Bn,R,R" = H)
EHREDEIL, FIANEREEFMG L2225, gffi (B
HERTFTH D, EAMRAERELEE DA & FHE D L
(=2(It, — Ir)/(I1. + Ir)) THEZEZNS) 133.0X107* T
Dol B, BHEATFOAY LD glHDT— RIIVERITW,
DTREORMERTRHATEZIEH L ¢ BEFHSFRIREE DM
xR,

4.3 BULWCPLEEZEITBZAATOANVERHEEEXRDER

TERAAy+8

X 4: &\ CPL FitE»Hiff s s T FaAly v

S 2 EETHELATYS ML FHIHIRZHIC LAY I 2
L—a VEEITIE, T Fuavuty 8 (K4) o &ikhnA

V&b 100 B EEW CPL EEZRT Z e ATl h
7. BE, TeraAl)Ey 8 DEMIIKIILTED, INED
M ESZEEROERERGT L TV BRI TH 5.
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NVAY A T RG] - B S RN—Ya v

ATIHEEIC & BILEADERIVERT & £ DREICE T SR

1 HEoLER

FEMHERIIZRHR I, /FELIRIRIC & 2 FeB0, AW
REBFADD Y, T ML TEZ. 2L T, B
FUIRBRIZE L ¥ HICEMBFZORBERLTER. LR
Mo, WERERZ) 205 BEEBICES BRI
X, EARERICES K 0 X 0 EBME, EHORHEE M,
FRILCSEMT 2 2 ORES, X0IEETHEL ST
ZAONEHRABICE o T, HICERKRX, TEXRIPOEFEL -
T/

BRI EEPHBR L & b ICEMERORD EANLERTDH
3. A, IEFEOHAK - HEEMEHIRICBV T, B
DEERCHERE, EZ XN R EANOBELIEEZ—HT, %
AR LA KL Eb X 3 2B/ R WK T NS, R
I EF O R ERBROZERED AR R TH 553, EMEMDH
BB XN 222k o T, HRENIC X 2 HERBROMK
EPEHL o TETWVWA I, MEREEIEAIN, HERR
PEBTAIRMIBLA BoTWSE Y, ZLTHERRICHD
SHERBFZEICIZ Y S LT EBNAR R ARSI OET T L
52t bHRMEPHRI NI ER 25 TWVW5.

E ZADNEE, HHEFOSEFICBWT, &Y bIHMEOHE
WRHE L TRIT T OISt d iAo Tnwa. s s 7 —&
BARTDRIDIZ, BTLSENBRRLEEARV—HD D
BN, 7T AR=GRERLD AL 0 o T EIREBIC X 5T
EMER BRI T 2 2 212k oT, BEXHZOBKE, RiEE
TV HEEMSAREEZ LD LTV A ARBVWTHERT
NERATH .

2 WEOEN

AL, LLED &5 EMBLEOMERR B E R, &<
WAL (IMBDER) X8Ry LT, OB 2 s, &
BT 4 =T 7=V &oT, Thbb Al ZEHLT
TV, ZNETRABVEBNZEANEORTREE 2L B DT
B2, Fiz, LEHOKRXEHML, REZHLIPICT IS AT
LOWREDILTWVS.

IMBIEACTT 1 G, 7O 7 hodtf v REXR L2
X VEHIZBWTHID TES Nz AL TED, DK, (LE
DIEFIC L VT O 7 2 TIMEBES Wiz, RIIFETIZ,
ZI LIAMED I THDRICROZODRBICHEREDH TS,
Thbb, AVF - ZFRAPSLHEETST (FL - 7>a—
EED), FE F§ - B, #fErs GE - i), BAR

i FE - CCETZERD

Kb &8 CRECREAEFERANTFERT)
Yiming Qian (IDS)

Benjamin Renoust (IDS)

Noa Garcia (IDS)

g &K (IDS)

R — (IDS)

ORE - BR) A2ERB L7 a— FORME, REKRLSIT
FRRICW72 2 HARMEBRORETH 5.

4~6 HATICRER L 72 7' 7 RN IE K 7 9 7 S &g
L, 7Y 7D 5~8 HidDEMOEHICD RELREELHT-
Z7z. ZOREIET BINEHEDO G D H1%, SHURDIAE D
HER, 72237 7&2bBE e EXeE e otRoxttt, &
5 ERBRHUIRAN ORI L O R EBFEE D IicIhd
PR RN B,

—7%, BARICIIRERR 2 SILA R % Tl e /BRI H D,
RRY L D ICHEABRERE LT 2. 2R TRICFLRIIC
B 2EARBOZRE, FLBEHCE T 3 e80Ty 2
DRIK, FREMD SHARRICH T TOEHMEY, EMTRHMK
P FRRICE T 2 EFRER, HERRXOMALREDYD LS
WANTFERIC RN 2 2 ER L 720,

3 WRDOFE
3. 1 {LEEADEE

AFFRIEE D DITIMEROBEICESR 2 Y T3 HICROLDH 2
R, ZOHMEI=2H3. F—I12, (MBI 2HOEEMN
TH3. BIALEEDP Do bTFMRT 2 THY, ZhET
DORERIFICBENTD LIFLIEERORRr ahTEk. H2
2, EOMEOHEMXTHS. H, &, OLLVoBELDD,
FREIZERNIC S 2 K OBISOMAD S ER D 3 - TW 3 72 DI
D LRV, EREY X7 41X 3 \YWFREDOHM R
BELVIHMTYH S, H=12, AL X 3O
KEDTF —ZHPHETEL200TH 3. REIZELD, HME
B 7 O 7 BHITBZBELTWS. £/, BEIFHUISR
A THRESRI AL, A, FEREOEROENEBX
T, Ty Py —HHPHAROMGRR Y & b RHDENE
BA TS 22 DAJEETH 2. Lo T, HRII7Y 72,
BRRICINT 2 Z e TE 3.

ILEEERT —2DT7—hA7

AR TIAEOHRENICH =D 3D F—XEHWS. 2K
TEERICIEH X 5 ORHEIC X 2 BADBEL 5, HEKICHHT 2
HRXTDONMBY T ¥ ZABR—ETR, BEHIZL > TERHIE
MEWCIBTERVWE Vo RELD D, BT — X DHLLEIZIR
AW THS. 22T, 3D F—22BEL, H
2 VIR D 3D F— X RIEHT 52— 4T, BEXEENE LWL
2 RItER % 3 Jotlb§ 2 EMi 2 EAD 2 W VIdHFREL, BFED
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2 RICHE G5 3D F— X EEKRT 5. 2 JOTHFIE T TIRK
BICHD, ZOIEHATANRICRLER T — X BIHEHETE 3.

3. 2 {LEBORIAEM

LD Z ATIC X o T L, D ofLBEOREEHIMT L,
RERPHSPIZT B RAT ADORER DX T,

FEm% LEE) ICK 3D & DER

{MEED 3D F— R %ED LIV A4 ¥ — 7 L — AT FILC RS
EERERT 5. $72, BEHEIOWES, BHPHM XX 3 MY
JE - B -IRE - & OF0KMMOBRME, XoEzhs
OHEHEOBE R Y2 REE Y U THELS 5. RIS Eh
Te T =REH, 77 RARX=GHREMDINEOREWFE O
72D T7NTY XAEERL, MO ETS. 61T, W
HEOWER, ThbLEIIRAR—GWICLE T L—T 3%
T— X OFLUE (BB, FHD 7LD 3HREE DGR
HRDPLZDOEHICOWT, &7 —X DM, TR0 5 IR
X, (EEZEDIED, ME, ERMOEE Y oBGREERET 2.
Z DRERD HIX B 2 JE R oEMEL, W UEEANICE
JRERREPHLPICRSZAREESH S, Z LT, ZDOEHN
PSRRI - R BE R Z e S fFE LS.

FEBZE (T4—77—=20)1 ICL&Z3BRHES AT LD
R

BERZ WL, H2VEZOREEHOLICTHS AT LD
UL, FEH o L bIEHIATVS THEEYEE) ITXoTITS.
MR P E R THIEHPHIEER, (FEFOREENHS
BEMENERORBERBREEAENRS Z 2 ICL > T—EDHNX
Begx, ZoMRBICESWTRAIDIERORERHIM 2170,
BROREEZEELTWVWS. 25 LEAOBEREOEAERIC
oW, BEE T RUT LZLED 3D 7—2%3d 21z T
@ ko THEWICREZMH L, B EHET 2>
AT LEMET S, B, H2BRBTIE 1 BBORRE2E
Z, KL EMEOECFIETET SN T2 E2HVs b
W2, BYEER I LT =& 7 XU L TwRnT —
XEMATE PEEEH D FE KXo THEREED S, 25
LCRIE XN HE S A7 010%, FEEFICL--TRNS
Zr DRV AREETH D, ZHUTESWILEDOH-
BHEROREEHRT 2 Z e a3,

4 BRERR

AWZEEFR 30 FED S 4 » EORMBIAGE (A) DB
X o TARBMIZBD BN X5 12D THS. S 34E
X7 DBRIEEETH - 720, SH2EE,r O/ anFvA
N AR DOHEIC XY, AEBRIDTHICEBTES, ¥
7272 3 KOTHR T — X OMEHPHEETH 72, 22T 2 Rt
TR SOUNHICENT Az L, 2 ZTH§RT—
& ZTEH U AL D kT & D 7.

4. 1 5T 5 7%2FA LIALEEERD S OBEERENR
IMEORERZSCSERBEO DX, BEMEOBVAREE
REZEZATHE. ZhZROBEEBHWICHIYL Y XS X
F, ALBERTHo THELNIERPEEE R LI & > TEE
MR, 2, MR Z2EUEIHEZ D Z D ED

1 DR, S PREFE

Model Style  Size  Century  Dimensions
1 NN (original) 0.98 0.78 0.78 0.78
2 NN (retrained) 0.58  0.65 0.76 0.46
3 Sp Random intialization ~ 0.23  0.30 0.13 0.08
4 GCNBoost 51 0.57  0.68 0.74 0.47
5 GCNBoost So 0.59 0.85 0.80 0.76
6 GCNBoost S3 0.88 0.86 0.86 0.84
7  GCNBoost Su 0.92 0.94 0.93 0.90

D, MATZOREENEICHSI»TH S LIFFTVE V. Z
D 2 mlE, FICEREFE X2 BERTOL»DETLFEEIC
Btk Ezx oh s, BUHEBOKEFEERE, wALFEXRY
R K> TR ETUETE S, L, Zhucid—i
WKELDEBTF—RZPRBEL R, $YIARDDR
WAETIIMRIFEE R E T ITEE T E R VWATEEEA B 5.
ZIZT, KM1IWWRT &1L, 7—%ty FNDO TR TOIAE
EBICMAT, BT ~L (K, FRomAgeEanilie) &
J—FRtL, HffeZzomEEIcE Y ToNEET LD
Iy DO 7EBEL, 2077 7%FALTE
HOREEITS. HBECHEST 2B 7 OVENEESREN L
T2 BOREDBTEET 2 2 22k b, KEFEEROEENESIC
KB HFEEINS. £ ZOFETE, BEBITONRE 2
HI§ % G2 Z 712383 % Transductive Learning @ 7 L —
LU= ERRALTWS., UL, A=Y FyZ7RBEFILE
FIR U2z @ M st R I W THERIS N L TR S <L 2 #)
iR Z T, NRE/RLEBES NVOBICHEN Ry D%
RD, HEKT T 7 2kh o RSN SERR T 5. EE
D3 v 53413 Graph Convolutional Network 12 & 5.

£ 1ITREFE (Sa), MUCHBFE (NN) OB
HBERY. ZZTRENEELT, B, KExirr4@e2EZ,
ZFRNERDERD S~V %D, Sau ¥ NN (original (38T
DX ERUT =&ty bORENEICE S DD, retrained 1
BEFELRILT—XEy bOFERICE 2D, BETFIEL
DEZEDLEIZ retrained 12 &%) ZHET 28, S &b
MAEENIRELMELTWAZ b3, So 55 SsDF
& oBFIE, 4 BOEED S BEE TN e LTEbIZE
HOBERT. TIh LU NIVOEEENIHETE 3.
4.2 FEENHDODFHICKLDEIFHTE

MBS FLEFNTICB Y 2 B EERFLLDD—D
TH5. BUFEOREILROXELR EIPHRFTHIHETH
M, 25 TRVHEEZREMFRICK2HE D, R
REDEER-E2 22V, HEEEET AR EIC KL 5H
%7 5 DESAEDEIRWHEE X, FHPIRICX 3HEEEZFR—+
TREMBT T —FD—DTHZLEZLDDD, BNEN
FEIhTOuRY, LAEEEZD >ZFHELLTETVARY
ZLLDIBEPFET 2 2ERBT L, Z0¥E IRy
VINVEEMRT S e BREETH B REED D B .

AL TIE, 1B% D o HEBIES, 252 bENEIRE X
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Training Samples Test Samples

D
Iy
=
o
@

pseudo-labels

*>0

ContextNet
real labels

-
E>Bﬁ>5®

image
node embeddings

1: REFEO2KE. FEHOEE (Training Samples) & 773N ROEG (Test Samples) % HHETHEFHZ 7 7 (Extended

Knowledge Graph; EKG) %48, Graph Convolutional Network 12 & b %% -

® 2 HHERR. 11T7E2S 5 ITHRR—R 74 Y RUFEFIR
ok 6 1THMUBRERABEBOMEAGDE.

Methods MAE (Year)
1 Nearest Neighbour Search 130.9 £ 9.8

Gaussian Process Regression 199.9 £ 54

ResNet50 Regression w/o fine-tuning 73.8 £ 4.0
4  GCNBoost Regression 217+ 15.5
5  SSDKL 245.3+ 4.0
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&Et [1ei) 2.31 .81 326 .o 315 0.8 2.58 073 237 0.80 3.0m 073 3.06 0.6% 2.28 0.77

42 HEWEFE%Z AUV ToHRE

421 HEHEHE

¥

BRI IR ICRE T B3

EFHEN S Bk © OEFHAI=— XTI 2 HZE»r6MF o T uy = 7 M TH B.

MERER  WINFEZ AV RS BRI SR ICR T B3R

MEEYE (FiE - B - K% :

MBS : F—4 P UTF s 7y T4 THEE - B L
e lE F—x VT4 7y T 4 7HER - 202 - BRFE—
RN F—R U T 4 7a YT ¢ THE - RIS - SRS

HEMZSEE | EERTE 1,000,000 [, BEHEZE : 300,000 1, &3 : 1,300,000 [
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4272 WRIEIEENERE

(1) ARDOE=R
MBEZW oS HBRO AR E LT, EETFHE L A THRE Artificial intelligence (AI) & W BE{&ZN D —003dH
%. HIEIIFOR TR EFRTIHP IS » 2 S o LTdtict oy a v e LTERAfLEATY
5. —F, AIIGEFZHICER L, FHICHEBEYE Deep Learning (DL) 1%, H{RFEHICBWTEWEEIRE
SNTHD, HMIEZEGDOHMINISH TIUIEEWEEIIIGFTE 5.

(2) HARDOEH
MR M O BEMEREIS I LT, EYE 7 L3 X ok Wi BEREiMs 27 22 MRT 52 L.

(3) ARDFE

T—Xty b T — &5

TCERIR A T DFRIRBE IS TS & 7z FURIRMIIERS 359 #if (RO L 21 #5ET, JEACIRIE 20 A5HT, B8 15 &5
A, AFRRVERIIR RIS R MR RESS 20 AGET, BEAOE 31 AGET, (KoL 16 AEET, U > o”HE 19 KEEN, FLEE 86 LM,
FRIEAR FHIRBRAE 102 A5 AT, 1@MERIRIRAE 21 #5661, N 8 #&5HT) OMEZEAZNRICL . MIEZEARR
22G DESTE 2 W THIRIRMGEI 2 S HIIE Z 5L, SDORIKICEDERL, "RX=anvRELEDBDTH
% . MIRABRDSERIN IAE R 258 IR U7z, RIS & A B LT, YIBREA T MM ARSI ED W Ty
L7, SRACBVWTERNTS 2 Milafe 55K 20 fFor L > Xt L, Fohziif%z 256 X 256 &
7N A XDy FEBUSHEIL 7. BHINE 3 200, 7= XS MR o BN, RMWZER Sk
Rz, BRI SRR FES 2 EGREHRE T -2 L, ZhohhvliRzeEitr -2 Lk (R1). B
MREIZOVWTIE R L, BEIERZETEE T — & & LRBEGIZRERERGE L TARLTONZITS 2L
L7 BEINCHIES 72X, BBIE1 77 AL, zhehiGttEgry —% 67,781 &, (MG T — £
53,618 14, A&l 121,399 OMEIER T — X 2 ARKWIFLDOMEFR T — XL v b & L.

HIEEE 7 O/

E{R7HET L LT, Efficient Net-B5 2 L7, ZOFRBEEEETNB S EIERE SR T -2y b
DOERDFEFE I L TRVWEEZ NS T3, ImageNet ¥ JFT-300M 7 — &+ v b % noisy student 2
X o THAMFEZITo 2. HBED T — XILRIII KL & F#E K HE, Cutmix(alpha=1), X 512, HED
T — ZNEFIE R HAG DR FIETH % Augmix(severity=3, mixture_width=3, mixture_depth=-1) %
W, HEBEBE LTRELY PrE-EEZH V. Optimizer £ LT Adam(Ir=1e-4) Z{EH L, Cosine
scheduler(min_Ir=1e-5) Z&E L7z. ANERD T £ 12D WT, 256 X 256 ¥ 2755 400 X 400 £ 27 &
MV H A X L. BFEEEOERTTIE Generalized Mean Pooling(GeM) % Fiv 7z,
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£ 421 AWZEGT -2ty t Ol BIEER Sy FROREHEFH
K. GHEE{R Sy 7RG LTy FEGRE R G E R

D8 7 7 ZADGNEIRT — 2k

Rads 1 7 2 Z0REEGT — 2 8e RS,

ST = i/ sy F fatts sy F
FEETSR | STEREX f&EHmRa LA LA
FKMLE (ATC) 21 978| [ESARA 9,896 4,339
IRBARREE (FNA) 20 467 e il 4,412 2,593
BiEE (FNC) 15 520 [Esi 5,331 2,468
FEMEMARRRRMES (FNO) 20 877 e il 9,015 4,611
BEiRE (MTC) 31 784 [E& A 8,140 3,300
{E/2{LE (POC) 16 446 Epesilin) 4,835 1,855
1) >3k (PTL) 19 1,003 EFER il 13,468 1,591
3587 (TPC) 86 1,450 [ESimEe 1,2684 8,532
BREERREIRAREE (BAG) 102 2,033 B 15,71 13,540
MR IRRR% (BCH) 21 514|  &pa LRz 2,577 5,118
a7 (CFO) 8 129|  wskimEs 2,840 2,831
&F 359 9,201 73,198 50,778
AR T — % WiET — % TANT—%
71 — Hh1
EFINL2 — 772
EFIL3 —_— A3 - g EEH
EFI)IL4 — 4
ETILS — HiH5
\ Y . J\ , i) k—Y—J -
16% 16% 16% 20%

4.2.1: F—E2REFE 2EOF—205 20% BT AP TF—&XE UTHMREL, B D 80% OF—&XT 54
BRI Z To72. BRolTF—ROMABRDLETHEE L 5 DOEEBRAREEFEET AN EONS. 5D
DEFLEFNEFNICT AT —=ZEANL, Bo05 20 NEFET 222 TF R bF— RIS 2 FllkE

(4) BRFERE

57z,

THIKGEE
TA T =R T 2 FRRERE 2 DRATHER 2 1R, FHEERIZIN% THhotz. EEPLET
DRI TITRIREN DT DRV 7 AD Recall KT . K LFED Recall 1X 38% i bIKL, TEITE,
flkRE, AFELR Y DXFINEH L Wz ehbholk. BEDOS B TRELHIMIT 23R8 o b Eh o720
V VoS (12%), DWW CHIRREE (9%) TH o 7. ARMLIEII IR, fikkKE, FLEDE & ORI, Btk 3 R
JRZE L OXFIDEHE LN eV L 72, 7272, 2O oD EEIEIRIEHIIEEZ O = ¥ 28— T REICZkD
UL, BEEEETVOBENL MK 2 IEMETERY. 5%, ZALDE[D T — XBEHECLHIIES
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BAW EFHATaY =2t

ROWENWFTE 2 L bhs.

IERTRRIE & IR D IEERITZRZN 81 %, 95 % T, MEDKBISH T\, 4K, WFIIHRIRE, MER
H, BRovwIThrTHEN2 70, MlleBIRT 22 CRENT 2 ZeNTERVEINTEL. 20
729, BURTIEME 2 ZD THREMEE  LTlRE L TWS. AiEREZ 7 4 — PNy 7 TEUR, FERIICHIE
IEAR DB THEDOEFHNTE S LS IChB NN D 5.

PR it & AUC

AR TIEEZ 7 X DB REH T H 2 7= D@ O ROC #ifE (Receiver Operating Characteristic
curve) B £ ¥ AUC(Area Under Curve) TIXaHli§ 25 Z & BT E 7RV, it o T PR #i#f (Precision-Recall
Curve) & Z DR FTOMHIETH %5 PR AUC ZHWTFHli 21T o 72 (K 3). RMERZDORENRD L <, PR
AUC=0.99 THH, REFEEET ML BRECHI SN LFEIXIZZEETE 2 EZE 26N 5. &b NED
Eh o 01K (PR AUC = 0.49) T, ZOXREHHEE (PR AUC = 0.88) TH-o7z. ZHLISNOEE
D PR AUCIEZ 09 ETH o 7.

1.0
ATC 0.00 0.00 0.00 0.00 0.02

FNA 0.05 0.07 0.00 0.04 0.02

FNC 0.00 0.00 0.00 0.00 0.02

FNO 0.01 0.01 000 001 0.03

MTC| 0.06 0.02 0.01 0.01 0.73 0.03 0.03 0.02 0.09

True label

POC/ 0.00 0.02 0.18 004 016 038 0.02 011 0.07 04

PTL: 0.00 0.00 0.00 0.00 0.00 0.00

02
TPC: 0.00 0.00 0.00 0.00 0.00 0.01

negative| 0.00 0.00 0.00 0.00 0.00 0.00 0.01

ATC FNA FNC FNO MTC  POC PTL TPC negative
Predicted label

X 4.2.2: MIERZEHRIEORFITY BFEHRE2RL, #TTHRLS A THS. Zheh, Kb (ATC),

EEYE (FNA), e (FNC), ffgMsiefigiariEs (FNO), Btk (MTC), &b (POC), V>
S (PTL), #LER (TPC), BMIRZ (negative) 2R 3.
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0.8 A

06 V““\

ATC (area=0.9861)
—— FNA (area=0.9345)
—— FNC (area=0.975)
—— FNO (area=0.9848)
—— MTC (area=0.8889)
—— POC (area=0.4986)
0.2 1 PTL (area=0.9589)
—— TPC (area=0.984)
—— negative (area=0.9913)

Precision

0.4

0.0 0.2 0.4 0.6 0.8 1.0
Recall

4.2.3: 7RAMT=RIIHT 2 TIPS PR MR 2 HEL 2R 2heh, Kot (ATC), AR
(FNA), iElE (FNC), fFigtElaiigiattEs (FNO), #itkiE (MTC), K91k (POC), vV > < (PTL),
i (TPC), BMWZE (negative) 2R 3. area IZHIFR T OMFE (AUC: area under curve) 2K 7.

(5) SRDOEE
AZWH 7NV ZLDREEEZ X HICED L TETH 5. HEIEROROMERPBIKEDRLR S T — X B INET
ey, KRGO MgEEA, el R R3S, 2Lk S et E I e 5
ZrED, IOHEOEWSRATARIKRDLEERD.
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%5 8B

BEOXEMEIOD Ik

51 AY¥—brFx ¥ UNR (KRHARBNEEY—EX TS v b7 4+ —LDOE(RE)

NYIATEILR R BN OW RSB R D 2 72 D121F, EBRT — X OWESB X O EIEEBRGFNLE L 725, R,
FERECHIF T & 21 OFLRBFEIT S 20121%, FRELR L OBEHINTY 7 TOEMSP, FHEIIE U 245
ZOITICESTHOAZWMRET2DIFE LRV, EBRBICBII2 Y 7ARALDITEIZNR L TRETH
. NVATEWUSFET O 72D D7 — ZUVEB X OFEIFERZ FEM T 2 720121, D d 2 DO5MER THED
HBEZTVS.

(A) NVATEIRBIENT D7D D71 X 5 RFLiH I —NIR E ORIHH 2 A 5 Z &
(B) AX X 2T, TOWMEMEBEINRE LTHOSLNZ Z2IC, SdREEDHENGOND L

(A) FVbW 2 VEI BT H D, (B) OB S X CRENABEEHTH S, A70Yx s McBWTE,
L OEEETRIEHET 2L L b2, F—XOIE, FIEROEHLED TS, BRI, KOMED
KIEKEEWE F v > 8 2K O BHURFNC BN CTERL TV 3.

5.1.1 FEERIFHITFR

PEERETUIT T, 2016 4FE X DB FALA L, 2017 F L D WURT — X O - WEEBD TV 5. EXERFAIHT
AR, NYIMTEIRUSNTOER A X 5 (LUF, BRI X 7 LR % 40 ARET 2 L & I, REPHEBRICHER
P NREEHER L. RESNTOREBRAIXFEIKS51DE5RbDTH 3. PEEREMEFTICBWTIE, 2017
EETIZ (A) OVENREHITET L TW5.

(B) OEAICOWTIE, FEERIEMAFTOLEIRBE L ER EENR L T 2HHIOBMES, Web X — R EICET
LEREBEROBHNEZITo72. 2D LT, PRVARD I X 72 E VKB O ABE) T 2 EE» HZ U, REZ 21 TK
B ERCBRERFEZ D LT OEP LAY S T —XOIEB X O FAFFER T EML TE 7

PEERVEMIFFT T OERRIZ 2019 4F 3 AT—HK T L, BERKRIEFTH 5. EReEEHT 2T, XD THHAR
ZHMEL, EREEMTL2EZEAM LIS ZTTS.

5.1.2 4S£HRFRELE

KRERKEER ¥ v > X AN D 2 A mPFERER T, APATEIMRETITZE DA TH X Z 2 FH$ % DTk
<, BHEHMTHERNL TV, K521 X5 REBHILENO A X Z (LT, FEEFREHILH X 7 LIER) 486
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DRERF Y PT7 =7 DTHE V-T2, (A) OV EEHIE 2018 FEICE T LTW5. ZORIFEHNTOMEM %
Baas 5 & e dic, (B) ORfiEEMT L, EROMHAREEML /- LT, EBROBMZ QT PHER L EML .
Zoth, BUOEBRHHSEZMML, 20184E 12 ALD, b LOHMAODHEAMNICH 2 H X T EROIZEBIHEBHIL A X
TRV T = ZERB L TW2. B, EEHPILA X 713, EFEREMREFMOFEBRAL X 7 L 3R 2D, Wb
LPAXZ e LTHHEATWS 720, EHRENTHEHL TOROVKRETS A AN—21F TR,

2021 FEEIEFRS5.1LITRTED, AR 2EOR—-ATEREFEML 2. F-ERHHRZ 7TH 14 HE 12 A 15 HIK
FEhL 7. A@PPERIEFETORNE 2021 FERTHRT L, SHXEFMICKE LD X 7 I3HHRE ER2 AT
2FETH5.

513 73X

KEAZERE F v Y RAANDE Y T 7 ALY 7IZBWTH, NYHTEIMSRRITIFZEHIDATH X 7 2 FH T 20T
i, BLHWTHEAT 2. Y77 ALY 71, K53 ICRT LI REFHGILAIX 7% 16 ARET I L L
HIZ, Ay b =T THEREZITWV 2018 fFEEIC (A) OWHENLEHEZTE T LTV 5.

YT IATY T, EMRAMREREHEE B2, ET) 7ICHAD T25PRESNTES T, (B) Ol
KDIDIHRHE L) T ICAD A B AIREMNED 5 2 2 TOYFNCERERET 2 Z LIFHENTE RV, 22T, K
TZIWADHDANDED BZ N BONZBRICHEBROERE, MET VYV 7THART Y RLI A 32—V DORET S 2Tl
Jo. BRICIIFEBREZFEML TV 2 ERZONE, RETY 7, MuGbREREE, TYXAIA X=JWKEI XTI
FEBRIREZ LTV R Y 7R A AMGERLERHICIIERERTTH 2 5REERRT 5.

2020 12, M54 ICEIBRTTIZAYA X =Y BIUOHEZRDOBEROBEDTET LTWVS. 2020 F 11 AICEER
MARZITY, 12 AL D ERZRA L. EBRIFEIX, B 3 K2 H R & — b LIRAICRHZIEL, && 11 KHE
DEBEIT-o>TNS.

2021 FEIFR 52 ITRTHED, HIC2FIOR—ATERELHEM L. $-ERHHXE 12 A 15 HIC 2 [FIFEM L 7.
2022 X 6 HICHASETELTEY, EBuIA 1 HoR—ZATHllZHITI TWL FETH 3.

Ry ZRHAS F—LEHAS
Panasonic WV-S5P509) Panasonic WV-SW598)

NYUUEH IND DG

T R
(FEHR#2)

{3 FARF
(hm#h)

5.1: EEEREMAFMIRE SN TV S EBRH A X 5 0fl (AR NMEARPBB TR 2 X512 Tn3)
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N— LA
PTZ GsvFntrzx—1) AXZ
Panasonic WV-S6130

Ry 7 ZABH XS
Panasonic WV-S1131

F—LBIH XS
Panasonic WV-52130

5.2: AR ENENCKRIE S N EBRIRBIC A X Z Dl

% 5.1: APl ENEHTOREBRFEN - A
KERTHE H I
21 H 22 H - -
4 H
9:00-21:00 | 9:00-21:00
27 H 28 H
5H
9:00-19:00 | 9:00-19:00
21 H 22 H
6 H
9:00-21:00 | 9:00-21:00
28 H 29 H
TH
9:00-21:00 | 9:00-21:00
25 H 26 H
8H
9:00-21:00 | 9:00-21:00
24 H 27 H
9H
9:00-21:00 | 9:00-21:00
26 H 27 H
10 A
9:00-21:00 | 9:00-21:00
25 H 26 H
11 H
9:00-21:00 | 9:00-21:00
20H 21
12 H &
9:00-21:00 | 9:00-21:00
26 H 27 H
1H
9:00-21:00 | 9:00-21:00
18 H 21 H
2 H
9:00-21:00 | 9:00-21:00
22 H 23 H
3 H
9:00-21:00 | 9:00-21:00
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EBEARN—LA BARN—LE
KR—=LBAHXZ PTZ (svFnbzx—1) HXZ PTZ (v Fubx—1) B AT
Panasonic WV-S2130 Panasonic WV-S6130 WV-S6530N)J

X 5.3: 22T 7 RAZICHRBINTWBERH S X Z DA

: L
';-f%'

X 5.4: YT I RARCHEEBEINTVWETFYRAFAL 32— () LEBR (H) Ofl
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# 5.2 v 77 RATOEREM - 3HHE HR
SRRt H

A A 5H 13 H 22 H 28 H
9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

7H 10H 18 H 26 H
57 9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

6 A 3H 11H 21 H 29 H
9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

7H 15 H 19 H 30 H
A 9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

8 4H 20 H 26 H 31 H
9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

6 H 14 H 22 H 30 H
o7 9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

10 A 4H 12 H 20H 29 H
9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

1A 4H 12 H 16 H 22 H
9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

12 A 1H 9H 17 H 20H
9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

A 7H 11H 19 H 27 H
9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

2 A 3 H 7TH 15 H 24 H
9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00

4H 9H 14 H 22 H
37 9:00-20:00 | 9:00-20:00 | 9:00-20:00 | 9:00-20:00
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5.2 Society5.0 Rt AZERE ST 101/ R=2 3 VHAFEHLS]
52.1 SNSHB5DN—=YFS5414 X RRIEDR

52.1.1 HROER

AV R=2y FRAY— b7+ YOERIZE > T, ZLOADPRBIEREZEB X OHETE 21682 (Society
4.0) BEBEIN FKLE, CASOEREEMEATE 2R~ — MR (Society 5.0) OFEHICHIIT, HAS
REALTE o [ G ALEE D Fi i & 72 SNS EFTICE D FHA T WS . Twitter R¥DY =¥ v ib « 2y b T —F 7« H—
2 (SNS) TiE, 2—¥»7F R MREHEGEZHWTHEMRRORNZHEELTWS. FHLid, IhooRFEEERL
RN TS B Z s ko T, (ARG ¥ B 2 S EICEE S B s MiEo Al 2 B3

RFEM 72 SNS M DIATIIZRICIE, BAEDH DD 5. Twitter DERICONWT, EFHE ORIEMMEE 3 H (R
TAT cZa— b X AT 4 7)) THETZMEHESHIEINTE R, EETE, FEEEHLC, FEllREIED
HARPRIFREOHEDHRALNTWVS. 2L, BEOEREIMT -2ty T, BRIE7 NV E2MNE5T 2FRE L
T XA P DRIRED R D70, BAEI ST RIZF B 2 BERE O EICERE Y TTE k.

5.2.1.2 HEOBEM

AR DEHIIZ, SNS EORMENDSHRRENEZ BEINICHE T 2 AT 2 2MET2THS. 22T, &
FHHIZ Lo TIRNANFENTHAGE SNS 7F X M ORI\ T — Xty P 2MEL, HRIED EBRYLRGHRE %
ETBRBEEEET VRIS 5. BRI, RRORRIIZERBL, RENZEEOEERZHET 5.

5213 WHRDAFE

9, K55 IR T &S R ENERE 7 NLOM» R T2ty FEWET LS. VIV Y -2y 7Y
ADZ Y =X %@L TILL HAGED SNSHAE» S HHOMEADOKEZINEL, EBINZRERED 7 V25
LTo55. AWFETIE, HEAKRE L EEMED 2 BHOMMEATY /7 - a V2% T 5. #i&icoVWTE, T
F v 7 DHKRSRKE (B - B LA FH - & - 8D - B - BE - HIF) 2RI, BRRICOVWTEAZhDRKE
DR 4 BRRE (JE- 55 - - 5) THNELTH55. BREROVWTR, BIEORIS T 47 - 2AAT 4 7DEEVE S
BiE GRNRY T4 7« ROT 47+ Za— I 2 AT 47 - BOAAT47) THELTHLS. REETIAR
WEEZES 7SV RY =S U7 R2BUTEAL, MOV TRRICESENREEBRED 7NV E2NELTHH ).

Rz, BIEAMET VMRS 5. TREFECESS TFAMaHET L (BERT) 2XRX—X2 LT, I—HHEHRSP
KRI 2 E BT 27-DDHRZITS.

52.1.4 BRFEODOER

2021 £EFEIE, 2020 FFEICHEEL 27— Xty b 1] KOWTHBEERHETHE 2] L, 617Xty M 2ILE [3]
LTA=Yary2eLTGitHub K TR Lz, FEEBICARBLEZANA—Y a2y 1 0BT — &2y b [1,2] 13,
50 A® SNS 2 —%% 5 &5t 17,000 fF O HAGEOKFEZIE L, FA 8 RIGORE 2 B & BB OM T D35 &Y
HEL7bDTH2. SEEDONN—Yay 2 [3| T, 7/ 7—XANBET7F2MBOWmAEIIRL, 60 A2 oA
35,000 trOEFERIE LIz, F7o, HEA S RIEOMEICMA T, i REMIEICET 27/ 7—va v EEMLT.
CHFETHRFERHUONG, ARG BN 24 5 RIG T O HED SN TERN, ZhSDMF 2k 7—X
oy MIFEL R o, F7, FENRRBEBNRBBOWMA 2R 7—22y bbb, INETHEELLED -
oo BF—Xty PEHWVWS LT, 7FR M oOUFENREEIMDBARRE Koz, T—&ty FORHHS, i
23 1887 7 7—% GisF) B7FRA+0FEZFOREMMEOIEAZEYNCHET TE 2, ZDMEIXIIDICHE

*1 https://github.com/ids-cv/wrime
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=U wH
il EH
LI I LT, o
WS 5DOREMNBVATIL D To o =Y -
E e

5.5: NEEL 727 — & Dff

H 3| REDWL OLDMEAMNHL NI -7, SEEORRIR, SiEMHERERRIICBWTHEL, ETEHE
PZELT.

5215 SHROEZE
GRE, A7 -2y PEHAWTREONET VERES 5. K2, EBNZREOHENBLVWEZR I THL
B, THOUEITHD AT,

FERHR

[1] #JEZ, Chenhui Chu, BAHL T, FEKK, RE—. “THENE 2 FBUREOREHED /DD HARET — Xt v
b7, SREILIEY R 27 [MFEXKE, pp.523-527, March 2021.

[2] Tomoyuki Kajiwara, Chenhui Chu, Noriko Takemura, Yuta Nakashima, Hajime Nagahara. “WRIME: A New
Dataset for Emotional Intensity Estimation with Subjective and Objective Annotations”, In Proceedings
of the 2021 Annual Conference of the North American Chapter of the Association for Computational
Linguistics (NAACL), pp.2095-2104, June 2021.

(3] EANMA, FAREGN, BOLFEE, RS2, ZEE, BT, PEER, RE—. “EH e FBOREMETE D79
DHAGET — Xt v b, S AR 28 HFERKRR, pp.1495-1499, March 2022. [EHFIEHIE]

522 REOFEBFXZEIOD IV bk

5221 MEOER

2020 FELRE, A anF I A NV ABEYIEDIERICE D AV 54 VHEBOEBABZBIER L. £V 54 VHBOD
BAZEIDEROZHEORRLRIET 2 2 e TELKE, (1) BBV FELEEEEZEDIHERIORY, (2) H41D
FAOFEIRNOIEIROWEE, (3) FEDHEBAERAER R EDINE X N5 ATREEOMINEFEOREN B IN, Zh
S5OMEIC X D EEDBERRLRE - B¥ER BN 22 OEH DD, BHOXEARD SN TVS. KA
TWEan RN TOF v 7 VHETICBI % LildfEICHE T 2 LR EIEET 2729, 2020 FEICKRKY2
T eEMLT. BREA TDOA YT A VIEZEREERD D 58 1 EAE (1259 %) 2RI L REER,
47.4% DFEPBRIE, &, EHIAAZKL, FHEIOTT 2 ERPLMEL Vo LFHEMDETE2EITNE Z e
b7 o7 (Ishimaru et al., 2021). KX b avFHHHICBWTIE, 54 VBREE - WHEEREANG OF S E2E» LHT L
WHE DOEEDRD ATV (HEHEEFITRR, 2021) 23, 20K, 2HBLEOAERD ZDTERL, HEDOLOD
REIE Y B L P BAEETH 2 Z e AERL L DL e R o 72,
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5222 MHROEH

A7ny =7 FTIE, ICT ZiEH LB 2EE8HRICTBVWTE, EZENEDOAZ KD 5D TIERZRL, ZEODLDIR
BBz T L Y E RV EETH L L DERICEDE, FEPOEEONTIRELZ Y 7L E A4 JHEET 270D
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JCIZ, PLR BB EZITVEHICHEREZ D2 L HIT, FRAT—VIBI LI RELEHND 1 DL R EHRT— X
L OEHET —ITOWTH ZDEFZLT, XHREED S DER S 5FEM O SHREERNGUC ORI IFFTH 5.

BERW

1] 94 7FFA Y - 4 I R— a VBISHUS RA—ar—
https://www.ids.osaka-u.ac.jp/ildi/index.html

2] —HEEN T—X VT4 2y Y =T ADR—LR=Y
https://cds.or.jp/
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71 AEMNEFE—LIGAEEAFRTOI S L
711 HBE

RImronZ, #HYE EY, BHREYOPHOXEENRIC, BT 20BN EZHESKETE 2 AMEFTRT
325 FE—HOEIHBERE 07 4 TY. ENND by TR - XL OEBEICX 2V F 27 L4 %2BLT, &
TV — ASHEMZEIE L Er L EREHEARSPRELBAY— MEDERZES AMEZETCAZ2HNE LT
¥9.

712 AVFaSLEBE

REIRKEN DBGERL R & 285, BT — 2L ENIND ~y TR - R DB 2H Y 25
LZBLT, ZRGHEREZEL P TEEY. fEHEELULCON RS (HNHE) SiEsbEiE R <E T omsen
5 WHE) 72y, ROEEEPEPESEC X2 HAMEZ BT, @EREMEL 20T 2R3 25, EERC
MHTZ2Y) —X =2y TRMRISCHITET, ARy bV -0 R E2EI KR 2/ONET.

713 BREFEERERES

TRV T4 70rT 4 7B TIIBMYEEREEOMBR S a~vEHY LE L. 202241 H 12, 13 HIc*
NZeNn 4 a~3oMBETVE L. ZBEREMI 148 TLE.

NEIZDOWT, ERENRE LT 4 =77 -V V2 RERNCERZ e 2 BN LE L. BYETIREENERID
R, G2 E RN L, EBICY —Ra— FEHAETL, HEMEZHR ZETHET 2w iihe LEL
7. WI¥EDT9HIZ Python OEMED SEA 2TV, H—RXALHBET — L5 HBUEDHE =X AN THIRE 7 — L DI
HoT, =k Fbpy, SAFLAY—N—t T nr (MLP), B&AAE, HMHEEE, EREE, softmax B
%, optimizer, #WFH L DHEANLM LB TEL X5 LELL. Tz, @FHECILS, EEEE LR
XE 270D HEE LT dropout X batch normalization 72 ¥ DFIEZHBICE D ANFE L1z, 2Dk, EENARN
B LT, AAREGRDET VTV X L% HWT, BEEEIC X 2 EMIRE G EEMREGRO 2TV, R~y
TOHI, ALy PRAATICEKBFHEERITWE L. I5ICHENLZFEE L LT, skip connection % G L 7= EH{RD
denoising °, ARZ +A T T LI X o TZRITEBILENE R T —X D CNN IZ X 27708, GAN 2 X% MNIST
B{§ T — ZEREITVE L. DHABIOMENA T, LilOEB D, denoising, B{§T — X ARSI S, VAL
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R IR AEIRA YT ay, XBWERLEDTHIIOWTHEHOZZOOMBHLE L. 8§ a~<vDHEHEDEILN
BAEELTICELET,

M BRE1 Python DR
F—U—F ! FIEEREEMESE, CPU & GPU, Google colaboratory
% : Python ORLEEIE
MRRI FEEEHOER1
¥ —Y— K ! Perceptron, MLP, MNIST 7 —4&, softmax BI%t, 8B, DI TIE, AV RREE
HH ARk T A
MBRREL EYE DR 2
F—v—F I JIBT—&, MiE7T—%, 77X MTF—%, #@%¥Y, Optimizer, Dropout, Batch Normalization
#%E 1. MLP T MNIST 7— X %4585 %, 2. Dropout % Batch Normalization % {5
4BREI BAAA=2—FL %y b7 —2 (CNN)
F—U—FBHRAALE, TV, K~y T
{#H¥% : CNN T MNIST 7 — & %2538 35 5%
SRRE1 Z7BANYF— 3y 7 —XiLR
F—U—F:ZnANYF—vary, F—&HEEE, CIFAR-10
HE 1 7aANYF=arvEfS, 2. F-XREMES
M6 BRE1 VGG16 2 ¥ OHAE TN L i 2EE % AW 72§05
¥ —v— F ! ImageNet, VGG16, InceptionV3, #if5#%, AL v bxXa7, F{l, Grad-CAM
HE [ VGG16 rBEE 2 AV OREE BT 7T 5
7PBRE1 H{RD/ A VR a v BEEDHE
¥ — v — K ! skip connection, PSNR, SSIM, #f#&, A7 +u2724, SE 7uv 7, Global Average
Pooling
WY 1 ZFEE ANk T2y MERE /A XVE I ay, 2. BET—&% CNN THHET 3
TSFREI GAN % HW 7 EIGA AL
F*—7— K ! Generator, Discriminator, DCGAN, Pix2Pix, CycleGAN
%  DCGAN % F\7z MNIST Hiff 5 — & 4R
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ZA X LRIBOTERR AT 2 LS 50 2 HEEREH I 720, HRERAMEZHET 224X V18
WEATR S %2 2018 FFFEITRRAL L7z, KIRKRFEZIZ L & 2 Seimiff 7B 0 BB 23 51D S IO £ TR WEE 217
W, HEANAMZERT 2. @Y% AL OBMMFHETEZRAETE 2 A, AIFHFEZINGENERL - RETE 2 AMZEHK
720, RIRRFHEIC L 23R, Y (AL BINBSEMEL) 2RMBL L. AL, X4 % TROFRPWTEM S
LU R&D FRfIDAET AITEHZ#EES 2% —~ > TH 2.

722 BERA

AT ECREEEE (B, BOEEtE), AIBFHEE (R ths, 7Y ZAVEE Y AD, Al A L= ARGHE (F—X
wA=yY, BASENE, avPa—XVE¥Vay, Frhay—ky) OEZREHALERT (2021 4 9 H-2021
6 H) IZiTo72. ZiBBEOELERIIXEDOLEBHTH 3.

HEEOHE EENE Y
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BRI M

AT F b =N ZGEFE BRI 7 — & 2 5 DOFHI I
T - WA AR
H RS L MeJs
HERENEES AT A B2y
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8.1 First SCAI-IDS Workshop for Future Collaboration on Al

2021 10 H 18 H, YIWEKRY X K¥ (75 ¥ R) O Sorbonne Center for artificial Intelligence (SCAI) & 57— &
VT4 7uyT 4 THEICE 27 -2 a v 7 “First SCAI-IDS Workshop for Future Collaboration on AI” 34
YIAVICTHEE N (K81). DY —2ray 732020 4 5 AICHifE S N7 Y LR ¥ KR L KPR DK
ZTHEIC & 2 B DT, FHT AL 778 C DOFRERAV R LR FE e AM AT T 7B D # A L 72 5

V—2rYay TR, BLEHE RIRREHESE -AIZR/7T—2 V74 7ur7 4 7R, Serge Fdida Y v
RYXRKFBENIFE/V VR Y XRZFER L DHRO ZHREZTHW 2%, Xavier Fresquet Y VR Y X RFEITZ L KFR—
KRR B & 22 SCIA RUOTF =XV 74 70y 7 4 7THEEOMBELHAEV:. 2oV —2r2ay 7T
R AL e AR R 7 —< 2 LTEBD, ZR2NOMMICB W T YL T O — R CIEHE T 2 E 5
HW7 (X8.2).

S, MRABRFBEMAD T 27—~ LTIHREINICY =2 > a2y 7RBET 2 2 TERERLTE D, AMKZHPHLF
o Bkl 5.

8.1: Zoom 1T kB34 > 5 4 VHDORET.
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8.2 ARIRARF—KEBTKF KIFIH 25 AFFHEIF—

Program

Venue: Online (Zoom)
Date: October 18, 2021
Time: 9:00a-12:00 (France), 4:00p-7:00p (Japan)

9:00a/4:00p

Opening |

Prof. Takao Onoye, VP Osaka Univ, Director of IDS

9:05a/4:05p

Opening Il

Prof. Serge Fdida, VP Sorbonne Univ.

9:10a/4:10p  Introduction of SCAI

Prof. Xavier Fresquet, SCAI
9:30a/4:30p Introduction of IDS

Prof. Hajime Nagahara, IDS
9:50a/4:50p Buddha Face Analysis

Prof. Benjamin Renoust, IDS

10:20a/5:20p

Medieval Manuscripts lllustrations
Prof. Victoria Eyharabide, SCAI

10:50a/5:50p

Al and Art
Prof. Noa Garcia, IDS

11:20a/6:20p

French Newspapers and Vision
Dr. Pierre Carl Langlais, SCAI

11:50a/6:50p

Closing |

Prof. Genta Kawahara, VP Osaka Univ.

11:55a/6:55p

Closing Il
Prof. Xavier Fresquet, SCAI

8.2:

V—2Tay7DTar T A,

REE DM ZIIGERLT D 2 FGEM TR X, 1997 FISRGHEH TR TR & AL T AR5 Rbos il e 52
T E & fiifs U C LA, BiA B CHBE MWLM ETERIAT o TEE L. 2021 £ 1 A 20 HICHO KA 2 5

JFEZRR T 2 B KO I F—2fTbhvE L.

O I F—I3REH T KRR N THIRES L U2

DANNVAT 7SI T 2EENSIM L=, it I F—T1F, K83 ICKHHE T A% XD, Rui Xu#HIZYE Miao
Zhan #ZIZ, KBRKFD0 O BEMARORFER, 7—2 V747007 4 7TEBORFRBIRO 4 40 HRET-
7z. M 8.4 Zoom WZ X BHERDETERLIZ. TDF VT4 VLI F—1c&D, REETAEXEKRAFDOH
B X BARARRE FEROEFHFIC OV T DM T o /2.
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Dalian University of Technology and Osaka University
Symposium on AI&Healthcare

Date: 14" January, 2022 (Friday)
ZOOM: 925 0591 3075 Password: 20220114
Language: English

Time (JST) Time (CST) CONTENT

14:30-14:35 13:30-13:35 Opening Address

Introduction of Research Activities
14:35-15:00 13:35-14:00 Prof. Shoji Kido
(Osaka University)

Introduction of Research Activities
15:00-15:25 14:00-14:25 A. Prof. Rui Xu
(Dalian University of Technology)

Introduction of Research Activities
15:25-15:50 14:25-14:50 Prof. Hajime Nagahara
(Osaka University)

Introduction of Research Activities
15:50-16:15 14:50-15:15 A. Prof. Miao Zhang
(Dalian University of Technology)

16:15-16:45 15:15-15:45 Discussion of Future Collaboration

16:45-16:50 15:45-15:50 Closing

8.3: it I F—DTIur I A

Visualized Explanation of MSAN

.  Hustaton of Mul-Scle fomaon Expoted by MSAN
Accurate Segmentation v

of Medical Images via
Deep Networks

Associate Professor

Introduction to Intelligence
and Sensing Lab Activities
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FMEEIBHREBEM Hig (BFh) RE —

(1]

o HHABIAOTLR
o SLEREMIERE AT T A 7 A4 X —2 ¥ 7
o SR AMIARRE  HARIRENT L > & —

(BRZEEEN]

o OAVEaT—>aFILNEHRICEAY ZER%E
AWFE T, Bl 72BN & B%E LR T U 7 L X A4 2 DIRIED 3 JUtitil - #EFiEERRT 5. ik
D 3 KITIARFHITFIETH % Time of flight (TOF) 1 & 2 BEEERHINE, KEEIPIANTOEGELR et o)
50 BEBERFIC L 2NV F RRABEAZ & 2 & OHEERRIIRIC RS RERELREL, Mk 0EREk
B DTEAR FHINIEH T E b o 7. AR TIE, HENERRE L 3 ORFEIC X 28725551k - 1EHk
W E D REHE O EHEKS, BELRDEZME T2 A TEZ N AL TEBIXTEIRERT . ZOH X7 TH
N3 TWBEIG 2 OHEROREHE T 2 FELREEL, BRICHZNRE LFEZ2ITS. H—0FHHIlFE
WA/ G2, BigZKGOEOEREZIMDZL, BioRAPRE, HEOMIKE Zzhei TOF,
OCT, DFD/DOT ¥ \Wo /e B 2 HEFETIHHHEL, L IRMEDRR 2 Z2h S HEEREFR % ERISH D KD
B2Y—LLVARREETNE LTGS2 LA MADRETH 5.

o BEAXZUEESEGRERHICL 2T LARILED aTILTSA N —1RE
Society5.0 H2FHDUNIIN 2 H, E v 7F—RIEREY A N—AR—-RIC ¥ E 5T, MR TOZ—F DT
BEEE X R THREL, HHT2 e pifFshtns. BifE, EREHEPAY— A —h R YDA
7% 10T BRI A X 7 2L, REFAE X 2 HGRMORENM ELZeh s, 20 X5 RFEMRFEFRD
LUV IRERAPBHEREF I TETVWS. — T, IXTTARBNTZ2Z2TOT 74 " —EDHR
MELL TWa. RIFETIEE Y (IRIGFET) LONRHRZDDDERT SV ITNVTIHEEI AT 2IRET 5.
LYY TOY YT Y IENCY — Y B E ZF IR T EIRWEANENNCRA 7 5 v Ik, e EAR LE
75282T, BHEBTFOZULENBRIDE Y FLRLTOES a7V T 74N —(RELEHT S, £/, B
BARX T TR SNBSS EG) SET2 N ST, BEERMT 2 REGEHR 7 L — a7 — 2 TSGR
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559 Hf HEHE OWIEEE

W ZRBL, ZOETAREEFRIIOVWTONEEZB IS,

o 3D EfEESH Al ICK 2 EFHVESIIIES AT L

3 RITHEHREEFRIC & 2 FEBES A OBMIEMEFAEY () X, ABICBI2EHEDE 1 fiTHD, 5%D 20K

NEEDLLRVEEZ LN D N RORD EMRTFRIZE, RHRA - RENGRETH D, MEZKIRHRERO
B OBELBRELED 1 DTH 5. AW TIE, Deep Neural Network (DNN) &, 3 RICE{GULEE %
MAGHLEZZ T, TEETMEZHERZE S R T 28R T2 2HNE T2, ZUTXD, 5&BIE
BOBEMAFAZTh 2 MEZENICH LTS, ZEEEOM L, 0LWTIHIEEOEELADEHRE BiET. AR
&, Al ZHWz 3 JOorFBEt, £ EERERID 5 OTPIRIETTHEA, FREEMEZHEN L EExE5 22T,
BEMERE L SHWTW S DEMMIEATE) XD S SREOZK 2L, X 51RO =5
JEfEZE o BEfk e 52T 5.

o TEIE YO VTICL BFEEROREMTE
ICT ZIEH L7 R EIRICB VTR, FEIROAZRD 2D TIIRL, FEDOLOREELEHL -
HFEENEETH S L DER D, AR TIIHEGOMM, BELRY 2Ry v 7 LR o2 EONFUIRE
ZUTZNERALHEET 27-00FEEHFIET 2 2 2 BIES. BEHRCE, X714 7HETEIEEPOX4ED
HIEE (EHE) 22EERERORECIREL, e 7—= Y 7R TOERLEREEORELHIET. $/,
FHAEHEORBEICEDSWTHI 7 4 — NNy 7 2ITS, 7RI T4 75—V 0T AT L 2MAET L. £,
MHEFRZZEN LT EE 28 e LT, Hx0¥EEBLO V- TOEEREOHE - itk 2> v
AT LEMRETE. CNEHOCTREFORE - TA D7 72V F— a U oRERDZEAETEZ ZET 51
PR IIRS AT LT 5.

(3R - ERHEITOD T K]

o MMEBEDRZ TP ED IS ICHEREZ TVWEDOEAYEa—RIal—2aviEEaD TERNK
gt

o MR (AfifE)CT i 7 — & OB EE I X 2 B2 O &AL

o HARSFNMEZEMH LU BIEREHERZITHE) 7 1+ 2 D& EL

o MM A X — > 2 /3 TIRRERRAT

o EMWIBFEERB X CBE DI N O TRE - DA

e A=A VTWIBIIZNTY v - I—7 4 Y IHEEFOEHRSELIRENTIC X 2 HERTE GBS D &
i34

o Al KZE X)L

(A ERFAREE R

e 2017-2021 4R, RIEMLEBIRE BMISE S, “Zita v ¥ a7 — a FOUNEHING X 2 Filidg”, (REK) &
Ji—, (54H) &)IFE—H b

o 2020-2023 fFEE, BIASEBIRE PRERAVIFSE (BAtH), ‘BB X 7 L EBHEGEEMIC I 2L ey a
TITTANT R, (REK) RIE—, (51H) HIHEME

o 2018-2021 4, RIASLEBIKE HEIFIE A, “3 X7 — X I1cED < ATHIREIC X 2 1A D RRARFZE”, (IR
) BRI (o) RiE— 1ty

o 2019-2022 fEFE, BRI BB S FBRZE B, “4 —2 b 5V 7 OHFRIERORE LR © BASFELHEIC X %
NHERT =200, (IRK) #ERES , (o#H) BRE— it

o 2018-2023 4EfE, SCEIRIFE Societys.0 EFULHURESE, “54 74 /) RN—2 a YWEMLE", (RR) HREEIRE,
(5348) K— fih
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e IEEE Transaction on Computational Imaging Associate Editor

e Asian Conference on Pattern Recognition 2021 Program chair
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o HHIZE : CVPR2022, ICCV2021, 3DV2021, IEEE Trans. PAMI, IJCV, MIRU2022 fth
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[1]

[2

Trung Thanh Ngo, Hajime Nagahara, Rin-ichiro Taniguchi, ”Surface Normals and Light Directions from
Shading and Polarization”, IEEE Transactions on Pattern Analysis and Machine Intelligence, April, 2021.
Ryosuke Kawamura, Shizuka Shirai, Noriko Takemura, Mehrasa Alizadeh, Mutlu Cukurova, Haruo Take-
mura, Hajime Nagahara, " Detecting Drowsy Learners at the Wheel of e-Learning Platforms with Multimodal
Learning Analytics”, IEEE Access, Aug., 2021.

Daiki Ishimaru, Hiroyoshi Adachi, Hajime Nagahara, Shizuka Shirai, Haruo Takemura, Noriko Takemura,
Alizadeh Mehrasa, Teruo Higashino, Yasushi Yagi, Manabu Ikeda, ” Characteristics of adaptation in under-
graduate university students suddenly exposed to fully online education during the COVID-19 pandemic”,
Frontiers in Psychiatry, section Public Mental Health, Sep., 2021.

Masahiro Yanagawa, Hirohiko Niioka, Masahiko Kusumoto, Kazuo Awai, Mitsuko Tsubamoto, Yukihisa
Satoh, Tomo Miyata, Yuriko Yoshida, Noriko Kikuchi, Akinori Hata, Shohei Yamasaki, Shoji Kido, Hajime
Nagahara, Jun Miyake, Noriyuki Tomiyama, ”Diagnostic performance for pulmonary adenocarcinoma on
CT: comparison of radiologists with and without three-dimensional convolutional neural network” , European
Radiology, Vol. 31, No. 4, pp. 1978-1986, Oct., 2021.

[5] Yuujin Shimizu, Chihiro Tanikawa, Tomoyuki Kajiwara, Hajime Nagahara, Takashi Yamashiro, ” The valida-
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[1]

[6]

[7]

tion of orthodontic artificial intelligence systems that perform orthodontic diagnoses and treatment planning”,
FEuropean Journal of Orthodontics, Jan., 2022.

Keiichiro Kagawa, Masaya Horio, Anh Ngoc Pham, Thoriq Ibrahim, Shin-ichiro Okihara, Tatsuki Furuhashi,
Taishi Takasawa, Keita Yasutomi, Shoji Kawahito and Hajime Nagahara, ” A Dual-Mode 303-Megaframes-
per-Second Charge-Domain Time-Compressive Computational CMOS Image Sensor”, Sensors, Vol. 22, No.
5, Issue 1953, Mar., 2022.

Masaya Horio, Yu Feng, Tomoya Kokado, Taishi Takasawa, Keita Yasutomi, Shoji Kawahito, Takashi Komuro,
Hajime Nagahara, Keiichiro Kagawa, ”Resolving multi-path interference in compressive time-of-flight depth
imaging with a multi-tap macro-pixel computational CMOS image sensor”, Sensors, Vol. 22, No. 7, issue
2442, Mar., 2022.

Juan Manuel Franco Sanchez, Yuki Shimamoto, Joel Cervantes, Keiichiro Kagawa, Hajime Nagahara, Yoshio
Hayasaki, ” Integrated optical imaging system composed of optical time-of-flight and optical coherence tomog-
raphy”, Biomedical Imaging and Sensing Conference, Apr., 2021.

Cheikh Brahim El Vaig, Noa Garcia, Benjamin Renoust, Chenhui Chu, Yuta Nakashima, Hajime Naga-
hara, ”GCNBoost: Artwork Classificationby Label Propagation through a Knowledge Graph”, International
Conference on Multimedia Retrieval ICMR2021 May 2021

Tomoyuki Kajiwara, Chenhui Chu, Noriko Takemura, Yuta Nakashima and Hajime Nagahara, ”WRIME:
A New Dataset for Emotional Intensity Estimation with Subjective and Objective Annotations”, Annual
Conference of the North American Chapter of the Association for Computational Linguistics, June, 2021.
Bowen Wang, Liangzhi Li, Manisha Verma, Yuta Nakashima, Ryo Kawasaki, Hajime Nagahara, "M TUNet:
Few-shot Image Classification with Visual Explanations”, CVPR workshop Responsible Computer Vision,
June, 2021.

Tomoki Minamata, Shoma Ishida, Hiroki Hamasaki, Hiroshi Kawasaki, Hajime Nagahara, Satoshi Ono,
"Information Hiding Using a Coded Aperture as a Key”, International Conference on Machine Vision Appli-
cations, July, 2021.

Su Wai Tun, Takashi Komuro and Hajime Nagahara, 73D Registration of Deformable Objects Using a Time-
of-Flight Camera”, International Symposium on Visual Computing, Oct., 2021.

A. Hisano, M. Iwasaki,I. Satake, M. Satoh, H. Nagahara, N. Takemura, Y. Nakashima, and T. Nakano”, R&D
of the KEK Linac Accelerator Tuning using Machine Learning”, International Conference on Accelerator and
Large Experimental Physics Control Systems, Oct., 2021.

Yiming Qian, Cheikh Brahim El Vaigh, Yuta Nakashima, Benjamin Renoust, Hajime Nagahara, Yutaka
Fujioka, ”"Built Year Prediction from Buddha Face with Heterogeneous Labels”, Workshop on Structuring
and Understanding of Multimedia heritAge Contents, Oct., 2021.

Juan Manuel Franco Sanchez, Joel Cervantes Lozano, Keiichiro Kagawa, Hajime Nagahara, Yoshio Hayasaki,
”Optical time-of-flight with autofocus using a variable focal lens”, SPIE/COS Phtonics Asia, Oct 2021.
Liangzhi Li, Bowen Wang, Manisha Verma, Yuta Nakashima, Ryo Kawasaki, Hajime Nagahara, ”"SCOUTER!:
Slot attention-based classifier for explainable image recognition”, International Conference on Computer
Vision, Oct., 2021.

Hajime Nagahara, ”"Deep sensing”, International workshop of display, Dec., 2021.
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EBREBMITIE, X7 4 L Al 22%Mi%ES, June, 2021.

(13] B iR, Bk EEZ. $aK B, &HE Bk, KR &G, RE — BN W, 7AL Z w7 FURBIIERS Sk o X
7 2 Al differential diagnosis for cytology of the thyroid (ADDICT) ®BAFEIZF T, 24 62 [8] H ARER RAHAE:
a2 (BWIKSR) | June, 2021,

(14] =R 22, 8 57, S EkE, ZE &R I £, RE —, &)1 55—, "XY HEY FLRAZHWEEME T
FAR=T B WURRX T 1 TERERE V> v VTSR, June, 2021.

(15] /KEF Rk, @SiEHR, SOHREE, BT, BHRE, SHER, RE—, "BIRDERZER OS> vy ay MRE”,
BoOFEH - HiES >R D 4, No. L1-2, July, 2021.
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[19] Tianwei Chen, Noa Garcia, Mayu Otani, Chenhui Chu, Yuta Nakashima, Hajime Nagahara, ”Exploring
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July, 2021.
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e Subsurface scattering modeling in translucent material

In this project, we make replacement of teeth in a dental implant surgery. The teeth replacement must have
visual appearance like the other teeth. To achieve the goal, we need to understand the material properties
of the real teeth. In this project, we aim to propose a novel method for estimating material’ s properties.
The material in this case belong to a group of translucent material, where light scatters inside the material
multiple times before reaching out to the camera or eye. There are three important properties of this kind
of material that quantify how much light is absorbed, how much light is scattered, and how the light is
distributed in case it is scattered (which is represented by a phase function). We presented a novel phase
function for light scattering and its application for estimating its parameters of real-world material. We
are about to submit the research work to a major academic conference.

Lensless Imaging for visual privacy protection

In this project, we develop a lensless system for face recognition while preserving the visual privacy. Our
imaging system use an optimized code aperture pattern. A coded aperture captures very blurry images
which is difficult for a human to recognize the subject but still possible for a machine to infer information
from blurry coded images and thereby enables a simple visual privacy protection at the hardware level.
However, there is a tradeoff between visual privacy protection and recognition accuracy. This work proposed
a learnable lensless imaging framework that protects visual privacy without sacrificing the recognition

accuracy. We have submitted the research work to a major academic conference.

(#EEE]

e I have been helping a Phd student who joined in IDS from 2021 April. He also joins the dental project.

His research is to develop a deep learning method for estimating the translucent material properties. He

currently submitted his research result to a top conference and will get the response next year.

(H=E#]

e For this fiscal year, I have worked as a reviewer for several conferences and journals, transactions: Con-

ferences: CVPR 2021, AAAT 2021, ICCV 2021, ACPR 2021, ICRA 2022, IEEE-RIVF 2021, MAPR 2021,
ABC 2021

Transactions: TPAMI, IJCV; Sensors; Remote Sensing; IEEE Transactions on Biometrics, Behavior, and
Identity Science (T-BIOM); IEEE Transactions on Information Forensics and Security; Expert Systems
With Applications
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e Educational Project (Student engagement prediction):

The objective of this project is to predict students’ engagement in the online classes, web lectures, etc. For
this purpose, a dataset is created of participants reading a text of a few pages, and their video was recorded
through a camera setup. New labels have been created for the dataset using annotators. Annotators labeled
each frames of every video for different labels including engagement, body movement, yawning, strange
eye movement, facial expression, and screen change activity. Objective and subjective labels are utilized
to predict students’ learning efficiency and disengagement along with other facial behavior cues. SlowFast
network is utilized with some modifications for target task. Experiments show that multi-label prediction
helped in disengagement prediction.

Medical Project

The objective of this project is to predict frailty in person while performing some easy daily activity such
as standing and walking. Data is recorded using Kinect V2 and 3D positions (x,y,z) of different body-joints
are recorded. Neural network is utilized to find the frailty in a person and explainable AT is used to evaluate
the significance of different joints that supports the prediction of network.

In another project of medical imaging, a classifier named SCOUTER (Slot-based COnfigUrable and Trans-
parent classifiER) is proposed for explainable AI. The classifier takes image regions that are responsible

for the prediction into account. Experimental results show that the SCOUTER is better than FC classifier

in getting significant regions.
(% - EFHAITOS T I ]
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[2] S. Yadav, G. Singh, M. Verma, K. Tiwari, H. Pandey, S. A. Akbar, P. Corcoran, “YogaTube: A Video
Benchmark for Yoga Action Recognition”, in IEEE World Congress on Computational Intelligence (WCCI),

2022.

[3] L. Li, B. Wang, M. Verma, Y. Nakashima, R. Kawasaki, H. Nagahara, “SCOUTER: Slot Attention-based

Classifier for Explainable Image Recognition”, in International Conference on Computer Vision (ICCV),

2021.
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[4] M. Verma, Y. Nakashima, H. Kobori, R. Takaoka, N. Takemura, T. Kimura, H. Nagahara, M. Numao,
K. Shinohara, “Learners’ Efficiency Prediction Using Facial Behavior Analysis”, in IEEE International
Conference on Image Processing (ICIP), pp. 1084-1088, 2021.

[5] B. Wang, L. Li, M. Verma, Y. Nakashima, R. Kawasaki, H. Nagahara, “MTUNet: Few-Shot Image Classifi-
cation With Visual Explanations”, in IEEE/CVF Conference on Computer Vision and Pattern Recognition
Workshops (CVPRW), pp. 2294-2298, 2021.

Z0ft

[1] Outstanding reviewer CVPR 2021.



149

FMAeBREREFT HEBH (F%)  Noa Garcia

(BRZEEEN]

e Language and Vision
This research studies techniques to understand the content of images and videos and perform human-like
reasoning. The projects involved in this research are primarily focused on understanding on how external
knowledge can be leverage to improve language and vision representations.

e Automatic Art Analysis
This research is focused on applying computer vision techniques to extract high-level information from art.
With this research, we study how to detect key attributes from paintings, such as the author, its year of

creation, etc., as well as how to discover new attributes from studying each artwork style.

Real-world Image

Image = (Factual) A young boy is
Captioner performing tricks on a skateboard.

Art Painting Image

( ) ﬂontext) An account of VasarN

Art . .
that /1] ted t
> Do —>| says that Signorelli wanted to

represent in the figure of the
naked Christ his own son, who
H died of plague in 1502.

e middle of the painting,

Vasari

here is an unreal lands
i Ili .
LS:gnore‘: clear and ... (Form) It strikes the
amentation

1502 observer with great power on
xterna —= . L )
account of its dimensions, the
Knowledge Christ o
Cortona liveliness of ...

(FR - ERHEITOD I K]

e Buddha statues recognition
(AERFAREEFKR]

o FY2020-2021, &=FW5E, “Understanding Concrete and Abstract Representations in Art”, (f{3) Principal

Investigator
o FY2022-2025, FAERSE (C), “Societal biases in vision and language applications”, (f{3) Principal Inves-

tigator
(& T#]

e Co-organizer Instance-Level Recognition Workshop at ICCV 2021.
e Area Chair at British Machine Vision Conference (BMVC) 2021.
e Conference Reviewer: ACMMM 2021, ICCV 2021, WACV 2021, AAAT 2021, CVPR 2021, EMNLP 2021,

ICLR 2022.
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e Journal Reviewer: IEEE Transactions on Pattern Analysis and Machine Intelligence, Computer Vision and
Image Understanding, Journal of Applied Science and Engineering, Sensors

e Workshop Reviewer: Women in Computer Vision 2020, Computer Vision for Art 2020, Workshop on
Computer Vision for Fashion, Art and Design 2020, 2021.

e Funding Proposal Reviewing: 13th Cyclone Call for Production Access

(FZEEEERY R 1]
MiskER

[1] Chenhui Chu, Vinicius Oliveira, Felix Giovanni Virgo, Mayu Otani, Noa Garcia, Yuta Nakashima. The
Semantic Typology of Visually Grounded Paraphrases. In: Computer Vision and Image Understanding
(Elsevier), vol. 215, Dec. 2021.

[2] Zekun Yang, Noa Garcia, Chenhui Chu, Mayu Otani, Yuta Nakashima, Haruo Takemura. A Comparative
Study of Language Transformers for Video Question Answering. In: Neurocomputing (Elsevier), vol. 445,
pp- 121-133, March 2021.

[1] Zechen Bai, Yuta Nakashima, Noa Garcia. Explain Me the Painting: Multi-Topic Knowledgeable Art De-
scription Generation. In: International Conference Computer Vision (ICCV) 2021.

[2] Nikolaos-Antonios Ypsilantis, Noa Garcia, Guangxing Han, Sarah Ibrahimi, Nanne Van Noord, Giorgos
Tolias. Instance-level Recognition for Artworks: The MET Dataset. In: NeurIPS 2021 Datasets and Bench-
marks.

[3] Tianran Wu, Noa Garcia, Mayu Otani, Chenhui Chu, Yuta Nakashima, Haruo Takemura. Transferring
Domain-Agnostic Knowledge in Video Question Answering. In: British Machine Vision Conference (BMVC)
2021.

[4] Cheikh Brahim El Vaigh, Noa Garcia, Benjamin Renoust, Chenhui Chu, Yuta Nakashima, and Hajime
Nagahara. GCNBoost: Artwork Classification by Label Propagation through a Knowledge Graph. In: ACM
International Conference on Multimedia Retrieval (ICMR), Taipei, Taiwan, 2021.

[5] Yuta Kayatani, Zekun Yang, Mayu Otani, Noa Garcia, Chenhui Chu, Yuta Nakashima and Haruo Take-
mura. The Laughing Machine: Predicting Humor in Video. In: IEEE Winter Conference on Applications of
Computer Vision (WACV), Online, pp. 2073-2082, 2021.

[6] Jules Samaran, Noa Garcia, Mayu Otani, Chenhui Chu, Yuta Nakashima. Attending Self-Attention: A
Case Study of Visually Grounded Supervision in Vision-and-Language Transformers In: Student Research,
ACL-TJCNLP 2021.

[7] Yusuke Hirota, Noa Garcia, Mayu Otani, Chenhui Chu, Yuta Nakashima, Ittetsu Taniguchi, Takao Onoye.
Visual Question Answering with Textual Representations In: Closing the Loop Between Vision and Language,
ICCV 2021.

ZDfth

[1] Invited talk at CAI+CAI Workshop. Understanding Fine-Art Paintings through Visual and Language Representations
March 2021, online.

[2] Invited talk at The First SCAI-IDS Workshop for Future Collaboration on AI. AT and Art, October 2021, online.

[3] Outstanding reviewer CVPR 2021.
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FMAeBIRERERFT HEBE (%)  Li Liangzhi

(BRZEEEN]

e Explainable Artificial Intelligence (XAl) ICE89 /3%
We proposed a slot attention-based classifier called SCOUTER for transparent yet accurate classification.
Two major differences from other attention-based methods include: (a) SCOUTER’s explanation is in-
volved in the final confidence for each category, offering more intuitive interpretation, and (b) all the
categories have their corresponding positive or negative explanation, which tells "why the image is of a
certain category” or "why the image is not of a certain category”, as shown in Fig. 1. We designed a new
loss tailored for SCOUTER that controls the model’s behavior to switch between positive and negative
explanations, as well as the size of explanatory regions. Experimental results showed that SCOUTER

could give better visual explanations while keeping good accuracy on small and medium-sized datasets.

This paper was presented at ICCV 2021.
1
I

why not “1” why not “2”

why loan why tobacco why cinema why not loan ~ why not toba. ~ why not cine.

)
red-face cor. why r-cor why pel. cor. why chat why not r-cor ~ why not pel. why not chat 0
Input SCOUTER (+) SCOUTER ()

1: Positive and negative explanations, based on which one can reason why or why not the
images are classified into the corresponding categories.

o Explainable Few-shot Learning (ZBS9 2 8f3E
We revealed a new way to perform few-shot learning for image classification, which is able to output
visualized attention maps that can serve as an informative hint for the few-shot learning process. We
proved that the proposed method could achieve both good accuracy and satisfactory explainability on
three mainstream datasets. This paper was presented at CVPRW 2021.

o Vessel Segmentation ICE8 Y 2H%E
It is necessary to extract an accurate and complete vessel map from the raw retinal image. We designed
a new segmentation model that could utilize the structural redundancy in retinal images. The proposed
model could achieve state-of-the-art performances on all public datasets. A research paper about this work
was published in the IEEE WACYV 2020 conference.

e Artery/Vein Classification ICB89 2 H3%

Artery/vein classification is an important procedure for the diagnosis of many retinal diseases. We em-
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powered the aforementioned segmentation model with the power to conduct classification. Moreover, we
proposed a post-processing algorithm to refine the classification results. A research paper about this work
was published in the MIDL 2020 conference.

Crossing Detection & Artery Level Prediction (CBA9 23T

The objective was to detect the crossing from the vessel map and infer the level of artery hardening. The
training data as well as the labels were collected from the Osaka University Hospital. Inspired by the
concept of the multi-discipline team, we designed a new diagnosis model that can automatically recognize
the signs of arteriolosclerosis and grade their levels of severity. This work was presented at ARVO 2020.
Semantic Segmentation (CBIY 3HAZE

We designed a semi-supervised segmentation model as well as a noisy-training strategy to help surgical
instrument segmentation. Then we demonstrated that the proposed method outperformed existing ap-
proaches in both medical datasets (robotic nephrectomy) and general datasets (street-view). The paper

was published in the IEEE Access journal.

(FR - ERHEITOD I K]

e Al Hospital Project

(AERFAREE [T

o PI W%RIEEN 2 & — b Z4E 2020-2021 Removing the Burden of Data Labeling: Automatic Surgical Video

Understanding with Unsupervised Learning

o PI #FHF5E 2021-2023 Explainable Artificial Intelligence for Medical Applications

(#EEE]

e Give guidance to a PhD student on the research of surgery instrument segmentation and explainable

few-shot learning.

e Give guidance to a intern student from Wakayama University on the research of explainable multi-label

classification.

(€ E=3=19)

- Journal Reviewer

IEEE Transactions on Industrial Electronics

ACM Transactions on Multimedia Computing, Communications, and Applications (TOMM)
IEEE Internet of Things Journal

IEEE Network Magazine

IEEE Communications Letters

Cyber-Physical Systems (Taylor & Francis)

Industrial Robot (Emerald)

Sustainable Computing: Informatics and Systems (Elsevier)

- Conference Organizer (Technical Program Member)

e IEEE Global Communications Conference (GLOBECOM)

e IEEE International Conference on Communications (ICC)
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- Conference Reviewer

e IEEE/CVF International Conference on Computer Vision (ICCV)

e IEEE/CVF Computer Vision and Pattern Recognition (CVPR)

e European Conference on Computer Vision (ECCV)

e IEEE Winter Conference on Applications of Computer Vision (WACV)

(RZESAEY R 1]

[1] Bowen Wang, Liangzhi Li, Yuta Nakashima, Ryo Kawasaki, Hajime Nagahara, Yasushi Yagi, “Noisy-LSTM:
Improving Temporal Awareness for Video Semantic Segmentation”, in IEEE Access, vol. 9, pp. 46810-46820,
2021.

[1] Liangzhi Li, Bowen Wang, Manisha Verma, Yuta Nakashima, Ryo Kawasaki, Hajime Nagahara, “SCOUTER:
Slot Attention-based Classifier for Explainable Image Recognition”, in IEEE/CVF International Conference
on Computer Vision (ICCV), 2021.

[2] Bowen Wang, Liangzhi Li, Manisha Verma, Yuta Nakashima, Ryo Kawasaki, Hajime Nagahara, “MTUNet:
Few-shot Image Classification with Visual Explanations”, in IEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR) Responsible Computer Vision Workshop, 2021.

[3] Bowen Wang, Liangzhi Li, Yuta Nakashima, Takehiro Yamamoto, Hiroaki Ohshima, Yoshiyuki Shoji, Kenro
Aihara, Noriko Kando, “Image Retrieval by Hierarchy-aware Deep Hashing Based on Multi-task Learning”,
in ACM International Conference on Multimedia Retrieval (ICMR), 2021.
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HMeeBiEBEM $HEMAFEE (BE)  Sudhakar Kumawat

(BRZEEEN]

e Action recognition from coded exposure image

The goal of this project is to develop a deep sensing solution to recognize human actions directly from coded
exposure images, without reconstructing the original scene from the coded image. We proposed a deep
sensing solution consisting of a binary CNN-based encoder network which emulates the capturing of a coded
exposure image of a dynamic scene using a coded exposure camera, followed by a 2D CNN for recognizing
human action in the captured coded exposure image. We proposed a novel knowledge distillation framework
to jointly train the encoder and the action recognition model. Our proposed distillation framework works by
transferring knowledge from logits and intermediate features of a pre-trained video-based action recognition
model (teacher) to our 2D CNN action recognition model (student). The proposed training approach
improves the action recognition accuracy by a huge margin in comparison to previous approaches.

Privacy preserving optics for human action recognition

Given a human performing some action, the project involves developing a camera system such that it do not
allow the captured video to contain any privacy related features such as identity and gender of the human
subject, but allow capturing of spatial and temporal features that are useful for recognizing the human
action. The task is challenging since it require to capture both fine-grained spatial and temporal features.
For example, for certain action classes, like horse riding, the spatial features might be more important
while for other action classes, like gesture recognition, learning both spatial and temporal features are
important. In order to solve this challenge, we developed a method where the video frames are first passed
though a defocus kernel (this can be done at the camera lens). Next, consecutive frames from the video
are subtracted from each other (this can be done at the sensor). Next, the subtracted frames are passed
through a quantization model to further degrade the video (this can also be done at the sensor). Finally,
the output from the quantization model is then passed to an action recognition model and a privacy
model. The entire pipeline i.e. the defocus kernel, quantization model, action recognition model, and the
privacy model are trained in an adversarial manner where the privacy model serves as an adversary. Our
current simulation experiments show that the proposed method successfully removes privacy information
like gender and allows fine-grained spatio-temporal features for action recognition.

Optical flow from coded exposure image

Predicting optical flow from a static RGB image is an ill-posed problem since a single image do not encode
any motion information. However, our previous experience in the project- “action recognition from coded
exposure image” showed that the optimized coded exposure can successfully encode motion information
in a coded image. Therefore, the goal of this project is to develop a deep sensing solution to extract
optical flow information from a coded exposure image of a dynamic scene. We propose to use the binary
CNN-based encoder from the previous project which emulates the capturing of a coded exposure image
of a dynamic scene using a coded exposure camera. This is followed by an encoder-decoder network to
extract optical flow from the captured coded exposure image. The extracted optical flow can have various
applications in video re-timing, object tracking, motion detection, image stabilization, and improving the

action recognition accuracy. The project is in early stages of development.
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(R - ERHAIT7OD T K]
e Privacy Preserving Action Recognition
(€ e=3=19)
e Conference reviewer: ICCV 2021, AAAT 2022, ICLR 2022, CVPR 2022, ECCV 2022.

((AERFRU X L]

[1] Sudhakar Kumawat, Gagan Kanojia, and Shanmuganathan Raman, “ShuffleBlock: Shuffle to Regularize Deep

Convolutional Neural Networks”, National Conference on Communications (NCC), 2022.
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MEEFIREREFT 5ERFEE (BE)  Sanchayan Santra

(BRZEEEN]

e 3D reconstruction of cell from microscopic images
Cells are usually imaged using optical microscopes but that only provides a 2D representation. But cells
are rarely flat and usually have some volume. This information is lost in optical microscope based imaging.
But this information can provide useful insights which can be utilized for diagnosis of diseases. In this
project we aim to recover the 3D structure of cells using images captured using optical microscopes. The
first approach attempts recovery while keeping the imaging setting simple and then the plan is to modify

imaging methodology to further improve the reconstruction quality.
(% - EFHEITOS T K]
e 3D reconstruction of cell.
(#H=E#]
e Journal Reviewer
— IEEE Transactions on Visualization and Compute Graphics (TVCG)
— ACM Transactions on Multimedia Computing, Communications, and Applications (TOMM)
— Pattern Recognition
— IEEE Transactions on Image Processing (TIP)

— IEEE Transactions on Pattern Analysis and Machine Intelligence

— IEEE Journal of Selected Topics in Signal Processing
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MecEREBEPFY RHMEAZEE (FE))  Saurabh Kumar

(BRZEEEN]

e Computational Time of Flight Imaging
Time of flight cameras allows us to record depth but fail to give good estimated in presence of global
illumination prevelant in real world scenarios. In this project, we aim to develop methods that enable us
to separate the direct and global illumination compoennts to better capture more complex 3D scenes.

e Lensless Imaging
Compound lenses required in current cameras lead to a bulky imaging system overall, defeating the goal
of a portable imaging device. Our aim in this project is to build imaging systems with minimal optical

components making them more compact and lightweight than traditional camera.
(8 - ERHEITOS T K]
e Computational Optical Imaging for Endoscopic Surgery
(CE4=1-19)

o Reviewer: Elsevier Signal Processing Journal 2022

e Reviewer: European Conference on Computer Vision (ECCV) 2022

e Program Committee: Learning for Computational Imaging Workshop at International Conference on Com-
puter Vision (ICCV) 2021

o Reviewer: IEEE Transactions on Geosciences and Remote Sensing (TGRS) 2021

e Reviewer: IEEE Winter Conference on Applications of Computer Vision (WACV) 2021

e Reviewer: International Workshop on Computer Vision for UAVs at International Conference on Computer
Vision (ICCV) 2021

e Reviewer: IEEE International Conference on Imaging Systems and Techniques 2021

o Reviewer: IEEE Open Journal of Signal Processing 2021

(BRZESMEY R 1]

[1] Kumar Ashutosh, Saurabh Kumar, Subhasis Chaudhuri, “3D-NVS: A 3D Supervision Approach for Next

View Selection”, In Proceedings of International Conference on Pattern Recognition (ICPR), 2022.
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HMeeFREREFT EMRE (BF)  Yiming Qian

(BRZEEEN]

e Research on image analysis of Buddha statue
In this project, we are developing a tool for department of letter to help their research. The goal of
this tool is estimating the built year of a Buddha statue given only one image of the statue. To achieve
this goal, we developed a deep learning based regression network. The training images are scan images
collected from books. Due to natural disasters, wars, deterioration of materials, and human errors, the
records containing the built years of an artifact often went missing. History experts can recover the built
year up to a specific range from chemical-based analysis technologies or years of historical study. Given
the vast amount of artifacts collected, it is impractical to apply these conventional approaches. Instead
of such reliable but laborious approaches, we build a deep neural network model to estimate an artifact’s
built year from its image, tailored for Buddha statues. One major challenge is the heterogeneity of labels:
Our training samples contain the exact built year and a possible range of built years (e.g., a dynasty or a
century) estimated by historians. To unify these heterogeneous labels in the training, we represent them as
probabilistic distributions. On top of this label representation, a semi-supervised learning loss is designed
to leverage both labeled and unlabeled samples at training time. Our experimental results show that our
method achieves a mean absolute error of 34.3 years on the test set, consisting of Buddha statues built
from 400 to 1403.
e Research on Cardiovascular risk diagnosis from retinal image

Traditional cardiovascular (CVD) risk assessment requires information such as age, gender, smoking habits,
blood pressure, and blood tests to measure lipid levels and other blood biomarkers. There have been
numerous candidate biomarkers to improve the prediction models; one of the unique novel biomarkers is
retinal image-based parameters as it does not require blood test. Recently, a deep learning (DL) model
utilizing retinal images as a sole input to estimate CVD risk has been proposed. However, it is still not
clear how the retinal image reflects CVD risk factors, and how the assessment results based on the retinal
image be utilized or interpreted for life-style modification to realize a clinically useful screening. We aimed
to develop an explainable Al-based CVD risk prediction model using retinal images by explicitly estimating

individual traditional CVD risk factors without blood tests.
(88 - ERHE7OP I K]

o Multi-view 3D landmark prediction from Buddha statues.

e Improving the adversarial attack defence ability on vision transformer.
(CE4=1-9)

o Reviewed 8 papers for ACM MM Conference

e Reviewed 1 papers for Cell Journal

(RS R +]
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[1] Qian, Y., El Vaigh, C. B., Nakashima, Y., Renoust, B., Nagahara, H., & Fujioka, Y. (2021, October). Built
Year Prediction from Buddha Face with Heterogeneous Labels. In Proceedings of the 3rd Workshop on
Structuring and Understanding of Multimedia heritAge Contents (pp. 5-12).
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o EFEHIBREYR ARXA—Y - X747 - 73V T4 i%kR FTEE
General Chair of The Eleventh International Workshop on Image Media Quality and its Applications
(March 3-4th 2022)
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