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1 HROE=R

FET v a— VR ZEE (NAFLD) AR A O o
WHW, SRR THENL W2 EBEREETCHS. NAFLD O
1~2 BIOREFNIIE 7 v a — A ERENIFR (NASH) & 'EiEh,
FFREZE, RFERIEN 2 #4173 5. NAFLD %5 NASH %5l
T 2R ERIC X 2 HBEZNA TV FRX X —FTH
5. ZODFE, ballooning hepatocyte (BH) &\ 5 ik U 7z iF
HRDFEZM D EETH 25, WHEEIL X o TZOBMIIN
TOENDH B EMEETDH 3.

2 WMEOEB

FFAERIC & o TR S M FERERGE T LT, e SF
V% FWTHBIC NAFLD fFio BH R IED R %
T 5 %HINET 3.

3 MROFE

(1) ATALEE, #EETAvLE
aY b IR IPFOEBIH LT, 2 ¥ TR REHR
T2 7 DI ERNIRATLEEZ BT L /2.

(2) B ENC X BIRHE 5k 1D
A EITIXKRAT Y ROMET NV EEA LT 1RO
BRFUREE S OER T v icaE T 5.

NASH TiZ ballooning hepatocyte ¥ W5 Ri#iy7

M d 2 (A EX, KA. ERSEC X - TR
HEER D L MR BB R B D U7z BT, 2 OfifaE sb#E
MBI 4 v 7 4 Y70 & > THRH L 7.

(3) MilIZ x Dk 2 b 25 Aty ik 2)
FREEANcd 5 =20 AEDME Lz, HE RERIOE
FRIEOMERE U TEMllo~E RO, Miakz
N U CPA RO EYI D I - /2. 2L T2h2Eh
DD RGB BB R b 275 L2 L7z, B
FEOFEL LT, AL FLAY—N—k a2 ET
HEL .

4 WRFERR
(1) &1
NASH HE DWW TIITBIRHE & i - EIEHHE
D2 OOFETHIL L 72 (FEEMERD). BIRHE
Tl ballooning hepatocyte 128 £ % BAIREEEY)
OmEIZEFEE L, Mo b zE R ANRbEE
BAFE U7z, BN ENC & o TR Z i L,
TIEHAEALNHEREH 7 4 v 74 ¥ 7 Z L T,

EE=EEA

HAER (B¥RUT7ERD
=FEIH (ERETFERD
Ak & (MMDS)

1: Ballooning hepatocyte (FEKHI)

B RS 3. MM LA TWRVWES
i, MREESRE AT 4 v 74 Y7 RITS. HE -
BAFRHE TIEER BN X > THIIE IR O E R 15 R
LT 5. THRHEE L EE - ABRAIEIIThD A
G T — RENETHZZeh uuéhtt&) i %
MAacbE, EFRACHITESRTFT—2oMEED 3
ZriZizote.

Y EOFEEZHOWTHRASH 70 7 & X + ORGARIER
K oHFFZEICE D, ballooning hepatocyte O EH)
7Y 7 b (BH Detector) L7z, ZOY 7+ %
FWTHITE, ballooning hepatocyte |5 D IEfEM: % 3T
fiLTW3. ZDHIETOD ballooning hepatocyte
HRIFRREE 90% DAL, RREEE 50% DL X %3 % 3 Ok
ReZgoTwa. BRROREMIERERLL L E
BEZT, AEPIDETHS. REEOM LEDDICH
16, BMFEEc XD, FREERA LT 5D128 - T
WL HRoERZIEL, FESETVS

(2) k2

BH Detector {2 H]E D 7= 8 DIEHE & fHAA A, bal-
looning hepatocyte HIE D EMEHEFM 21T > TV 5.
F 7257 b ballooning hepatocyte DIAt Dififid % BH
e LTINS 2 Z £ 2% WA ballooning hepatocyte
OBHRAILUIIZ L A L. SHio THEL TV Al
A EREHEMET IS X > THIEXE, BERLEELT
WS TETH 5.

5 %8

B 7 L% FvWiz ballooning hepatocyte M 77 7ARFE %
fToTW3. JREEMTORZKNICNT DEDZ W BH 2z %
BB T L TRWIT 2 2 CIOREIEM, Mok
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M EEZHIEL, BV BICEBRTHEARERET VEMEL
TWFETH 5.

BE XK

[a] WREFRT, BERBEGRT —XDEETVAGHET ML
SR, “ECHDTOPHEFLES I 2L —vay”, EB
AT, 2E44E, Vol. 35, No. 5, pp. 92-99, 2017

RREWEF

(FEEMENE)

(1] EREBIC BT 2 FREE 75 R R ARl B, REF
Fh, KFRE 2017-039716

[2] JREERZ MR N LT IR, =HIERIM, KPR 2017-
167549
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LR e 55 AT DESA

NIVAT A TV AE - B S R— g v

EGRERHKNTBESUI DIV F I ZRVW I YT

1 HROESE
4zi7zbﬁ%@kﬁﬁ% B L CEMRIBEETD
— R ICBWTHIA AvnshTns (K1),

E%mwﬁﬁa%&%@ékmmu EHAN IR X 4 7 F >
AL, i U CHRRIERT QRN ADRBEY 125,

—WRENC, 4> 7oy MRBRIIEBERESR AR L,
WHEATRERBHE E MR LTHEL TE. EHE, AERTOA
VI7x—AFarkryMzBWTh, HENROEESDRT
REHRBICE BAA VT F VAP EETH B LHHABZ IR
5. LU, ZOEZFIZEEDIE I >EIEGD AT AE
TH3IrZuifEE LdoT, HEORKIEDERLLS
WIHETE TV ZIEEVWHEW [a).

HADAMX 2010 F%2 ¥ — 27 ZRAEANICH D, 2046 FiC
B—EARE DAL EHEE IR TWB A, 2025 F121E 65 L
EAOERAOD 40%, 75 @M EAOD 25% & i 2 & Tl
XNB. F7z, TR 23 FEEREEEEERE CELIED 35
WUALDA T v MEBRMIE 2.7% THH, 2016 Fi2i
7.0% £ HAADEAK 100 NI2 7 A4 > 75 > MEEEZ%Z
FTWBZrIiThkA.

ZO XS RUESBEOFRT, Hilid v 75 MEBH AR
HINBHICHOWLhZSH, BEOBKROFT, 41 FF7>
MERHIBIL, HHDO RS A N—RCHERHT 2, kh—
BREE Y 7o T3 (K 2).

BT, PP OTERSEHEL TWERY, BEISA
T ROERETIEH T e WD TR o TW3S. Il
ZC, ATV MRERX—HDEVDAEL ST, [A—X—H—
WBWTD, ZoMHE #HEEZichblzoTws (X3).

ZFD®, ERNIBIT B TV R LANES - BET 5, %
ROWRIEBRERRICBWT, XOfHfEIOAY—T 4 =184 ¥
T MERHRT 2SR T LAOBRBIIMBEORETH L L E
5.

2 WHROEM

AWZETIX, 4 ¥ 77 Y MEOERERS X C=X0TERE,
WA X SRR L4 >S5y MR a Y Ea—& BT, H
BREBI O~y FrrXEBZRICELD, 41TV MED
X—H—RfEEEP T B -DDI AT LA EHEETE 2 H
e LTWa.

MMERIRS X T LDBRFE

kil (BEFATFERD

£ BB RETTERD
R — (EERTFERD
HRREE CRFRTREIAIRSS)
R — (IDS)

Te

M2 477> oRHEICE
D FSAN—DERED Rz D

pr—

K 1: £ > 77> MRE
#BoL >y F ER

N §h%

M3: A—X—=H—TdbA V77> MEOTEENRL 2. (No-
bel Biocare #f, Straumanns #fHk—2A<x— & H5|H)

- gt

4: MicroCT (R.mCT2, VA7)

3 WARDOFZE

A YT 7Y MEDOZRITEG Z T 5 7291, MicroCT
(R.mCT2, VA7) (K4) 2#FH\WT, Straumann ## 1 > 7
YR2FEH (R—=2 Ll T v ¥ abL) Ot EfT - =,
ZLT, 8577 DICOM 7—=Z 056 =XtHRY) 2 —LL V&
V> 7Y 7 b x7 (Osirix Lite) %W volume rendering
HIZX D =0T — X ANFHME 2T o 7.

4 FREER

MicroCT THEE L 7z =Xt % /R 3. MicroCT CaHll s
52rIC&D, ATy MENFEIREE E THE T 2 2 e HT
7 (M5 . LaL, sy F2340 u m TH B0, ¥
77/%%@XV/F%‘HZ,ﬁﬂﬁ%%%ﬁﬁ?%it@
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N#ETH 2 eEZ N FHIEy F2fia < TS, Ffk
FEREHET 2 Z AL R DD, T—RENPKEL RS
O, R FVIOHEIRAINPKREL RS9, MicroCT %
V2 SEEXTEY Y Yy 7, b LT —XE&»0P kL,
PO BB RRE L & 2 FiRIicOWT, Mt 24
BB EZ LN

(a) R=YL R4 TFF5F (b)) Tav¥alXAfr
(Z%m) 77 (ZX50)

5: MicroCT TEHMIL/z4 > 7T ¥ MA.

5 SHROEE

4275y MEROFBANS X7 2B B I A DI FEA% R
THITON B X DT> TWBD, MOKETIZEED X i
8% AW THRERZ TR > TW5. AL TIRENEROE
B, AT, LA 77 Y MEDFIFE I N EDHE SR
MRT Y TT— I BTERZEICA VTV MED =07 —
ZEHAWSE e 2AHRIS AT LOREEEZTVS. 5%
&, Al %Wz EGEREEAN e, =ik~ v F ¥ ZEidffilk
CERIGALT, b2 DA77 MEOHFIR, BEDOE
WHIRIDTZ 2 X912, BiFERitEDTWwWL.

C1)::h 40

[a] BEHR 1) FFH =, “EBEERIERICBI2A 77 MA
# HFI23E Ann Jpn Prosthodont Soc 10, 314-321,
2018.

RRAXE

KimES)

(1] R2-4 R, BIARFse BB E B C, “o3 & — 3R B
ZISHLIA 77~ MBI 27 2 D3, (RR) &
M—iE (248) h¥ R, PN S, h#E) BE —
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1 HROER

Proteins are ubiquitous macromolecules and essential
building blocks of life. Their function and role is defined
by their three-dimensional structure which, once deter-
mined accurately, allows them to serve as a basis for
future research making fast and accurate protein structure
determination methods important.

X-ray crystallography is a widely-adopted method of pro-
tein structure determination. Beams of high-power X-ray
radiation scattered by a protein crystal sample creating
diffraction patterns on a detector plate. During a diffrac-
tion experiment, a protein crystal is targeted by a beam of
X-ray radiation at multiple angles and the observed diffrac-
tion patterns are reconstructed into the three-dimensional
electron density map.

A protein’s primary structure is defined as the sequence
of its constituting amino acid residues. The goal of our
research is to create an automated, end-to-end method for
protein primary structure segmentation (Fig. 1) in crystal-

lographic electron density maps.

2 WEOEM

The goal of our research is to create an automated, end-
to-end method for protein primary structure segmentation
in crystallographic electron density maps using deep neural
networks.

We approach the task as a three-dimensional semantic
segmentation problem. As no comprehensive data set exists
yet for this task we establish a high-fidelity, well-balanced
data set consisting of synthetic electron density maps rep-
resented as volumetric data.

3 HROAE

We created data sets at 2, 3 and 4 A resolution. This cov-
ers the resolution range of data samples acquired in diffrac-
tion experiments. Our data sets consist of 6990 protein
electron density maps. Each data set contains the same
proteins, the electron density map resolution is the only
difference. 5-fold cross-validation is used to validate our
results.

We extend the FC-DenseNet [a] architecture with modifi-
cations that allow it to handle three-dimensional volumetric

data. This is achieved through the use of 3D convolutional

Akos Godé (FEZERIEBRZEAT)
EAR TR (EEREIEAT)
I g (REETRSERT)

Predicted Class:

i [T i I v N Y T
W ey | s [ e | o B v e [0

1: Semantic class predictions mapped onto a 2 A protein

electron density map.

layers, akin to the 3D U-Net [b]. We refer to our architec-
tures as 3DFC-DenseNet.

The objective function is the multi-class Lovasz-Softmax
Loss [c] function, which we extend to handle three-
dimensional volumetric data. The network optimizes it as
a surrogate objective function for the intersection-over-
union (IoU) score.

We measure the semantic per-class IoU score and the
Fl-score. Furthermore, the Rank-1 and Rank-3 per-class
amino acid hit rates serve as metrics for the per-residue
performance. Finally, the root mean square deviations
(RMSD) of the predicted and expected residue centroids
in Angstroms are measured for Rank-1 hits.

For our 2 and 3 A data sets we train the 57-conv-layer-
deep FC-DenseNet57 model configuration using 48 x 48 x
48 voxel input windows. For the 4 A data set we use the
shallower FC-DenseNet48 configuration. The input size for
4 A samples is reduced to 36 x 36 x 36 voxels.

For convenient data augmentation, networks are trained
on windows cropped from the protein electron density
maps. During inference, the networks are fed overlapping
windows in sequence. The corresponding outputs are
stitched together to form a global prediction for the
uncropped electron density map. The performance metrics
are evaluated once, over the global prediction, instead of

being a mean over the windows.
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2: The amino acid residue Phenylalanine at 2, 3 and 4 A resolution. The decrease in resolution increases the difficulty

of the task.

4 BRZEALR

The results in Table 1 show that the networks are ca-
pable of handling the task at all resolutions, including the
ability to deal with the reduced window sizes of the 4 A
data set. Performance decreases at lower resolutions due
to the residues being harder to distinguish (Fig. 2).

7 1: Results over validation set proteins

2A 3A 4A
TIoU % 82.3186 67.5224 33.166
F1-Score 0.8845  0.7767  0.5224
Rank-1 Hit% 88.1476 79.0618 51.7186
Rank-3 Hit% 91.5444 84.7965 65.6392
RMSD (A)  0.3561  0.3914  0.4455

We compare favorably to the performance of popular pro-
tein model building toolkits. Segqy [d] in ARP/wARP [e]
(60% accuracy above 3 A, 50% or less below) with rank-1
hit percentages of approx. 838% at 2A and 79% at 3 A res-
olution. Furthermore, our neural-network-based approach
functions at lower, 4 A resolutions as well (51% rank-1 hit
rate).

The networks segment electron densities blindly, mean-
ing we do not require information about the protein se-
quence. In comparison, RESOLVE [f] (a popular part of
model building toolkits such as Pheniz’s [g] Autobuild [h])
or ARP/wARP|e] requires said sequence information to
build models.

These currently popular iterative approaches require
minutes in the best case and possibly hours in the worst.
With a NVIDIA GTX1080Ti GPU, our approach segments
a 2A resolution sample in 29 seconds on average. The
processing time required by RESOLVE’s [f] Superquick
Model Building mode is approximately 2-3 seconds per
residue. With the average Eukaryote protein containing
438 residues [i], it can be seen that our method can
represent a significant speedup.

A full paper summarizing our approach and results is

currently under review in the journal Machine Vision and

Applications.

5| AR

[a] Simon Jégou, Michal Drozdzal, David Vézquez, Adri-
ana Romero Yoshua Bengio, “The One Hundred Layers
Tiramisu: Fully Convolutional DenseNets for Semantic
Segmentation”, CoRR, 2016.

[b] Cicek, Ozgiin, Abdulkadir, Ahmed, Lienkamp, Soeren
S, Brox, Thomas, Ronneberger, Olaf, “3D U-Net: learn-
ing dense volumetric segmentation from sparse annota-
tio”, International conference on medical image com-
puting and computer-assisted intervention, 2016.
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of the Jaccard index for image segmentation with the
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Cryst., 2019.
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NVAY A T RG] - B S RN—Ya v

faER (FbfE) CT BEfRT —XOEMFEEICKL 3ERIZEORE

1 HEOE=R

ffiEid, b —MRaEEEETcH Y, HFEPOREMEETET
FHRD 25 %% HHTED [a], WHENY 724 72 LTI
FEDRD —MRINTH 5. MinAD TNM 58E S RIc L 3 &,
fitizs A DML © F12% FRIT 2 2912k, RIS Ol
BETHZ I TV [b]. Mo ERGEE, FRCERSRD
5mm BLED DI, EREK T QR A = WIE LIRS v
S 270, BHEEZZRNETDHS [¢]. ThbDOREHEIZ,
%4 @D CT ME THi/MER D 723U, ARINYIRZY D&Y
R EENTRETH 5. Lo T, BEMY 2 R
WisadzZreT, BRATHICEELYEX, PRENETRZIEN
T&5% [d. L2L, CT TREKD % EiEL D RENICETHIE S
52 IERICHETH S, BAAA=2—T LIy b=
(CNN) OBz kb, WEEE S AT 22 BB EREME L
THIHTE 2 &5k, BEHERO X X ERFEFICOHX
NTWV3. idsAOESRZHNCE LTI, IREE oM< B9
RZE L EHRZEDOR A D912 CNN 2HHT 3 Z & st &
NTHED, HEORMEFHL T, BHEREAHOIE [e],
FHROTFRCEAREREME T 2 Z e et T3 [f].

2 WMEOEM

T4 1%, CNN E 7N Z EMEICTHI L, Z2WEee

MEXE, BHAMBMEEZSR— T2 TELZ WS R
BNTHz. ARO BIVE, BEHREHE (R1, R2, R3: MRERE
Bizzhzh 94, 144, 264F) 23 Xt CNN (3D-CNN)
BEHEHALEGELHEH LR 55T, M2EERSADS
WitEREZ LT 2 22 TH 5.

3 HEDOAZE

3.1 F—&2tv FOER

2009 € 1 AH 5 2011 4 12 A OIS & HEaE Tz iz A
OFMERZ T -BEDOWI CT 7 — & 406 LD 7 — X 2 RE
L7z, ThoDF—RXEUTOLEZHZTHIOTH -7z, a)
FAirat 3 A AN CT 2, (b) Mk 2768 (Fffi, b
R, BXO EREREREE) oBEsRwC 2, (o)
CT EBOWHDE XA 0.5mm F721% 0.625mm TH2 I &,
(d) BEDOEMD 20 RUETHZ 28, (o) 2015 FEHEFH{RE
KBS (WHO) o il o8I 8 < BRI IERR A A DIk FE
BWEZIITNE I, 406 ZOBEEDS L, RS DR
WY TR A TDEE 45 BERRA L%, BEORE 361 4
EXMRE L. 20361 N\OBRBAEREZED S B, MiaioEy)
CT B2 WEE, 7—F 77 7 FPHEIR ) 4 XD 72D I2fE

Ul CINN(ESE S i v e )
Bl & (E¥Ru7ERh
#ibd 722 (IDS)

T ERWEY) CT EighDH 3 BE, ks 268ERD 2
B 2015 £ WHO 2 TIZZHNICHE X R WRHEEA D
ZEERBRI LT, BRENZ, 285 AOBEFE (B 136 A, &
149 A, FHE4EH 66 %, FElE 22 - 89 %) o7 — X% H
W, 3D-CNN EFAZREEL. 20D 285 AOBEEDS 5,
KIRAEMEFERED 90 A (B 50 A, M40 A, FHFH
66 7%, EEIE 40 - 88 %) 1%, BURAREIEIC X 2 H A FHEC
AL 7.

R 7 ~NiE, 2 ANOMIL L 2RHEED 2015 £0 WHO 12 &
BMER DTS T, N rbF VY -2 AIVBIY/
FREHMET 7V - F—Y Y REATRAINT TN TOMMMEAR
LY a—LBWiiERIC X b #EFxn. BBAA (AIS), (K
BEEERS A (MIA), BEMERSA AVA) oMk, o
VY RREIZ & o THER Xz, 3D-CNN E 7L DOfEHE
W a7z 285 HOBEDF— R, AIS (n=75), MIA
(n=58), IVA (n=152) THK XN TV . METHREIEI X
3 HFFHICHA L7z 90 27— &1k, AIS (n=24), MIA
(n=20), TVA (n=46) TH b, HMEEFENY 724 TN
27 —& (n=285) LIXFEFR L TH- 7.

3.2 AWEEEBEB7ILIVIL

ANT—=&F, i ZzoFHEOIERRINEEZ &L, 50
X 50 X 7 RZ 1D 3D-CT Hifftr L. 3D-CNN D&
1%, 7 2® convolution J§ & pooling &, 2 ©® max pooling
J&, batch normalization, skip connection, global average
pooling, full connect T X h Tz (K 1). HAEIIE,
FRIZIGLC T 2 20%MF (AIS/ MIA, IVA) T3 2 D
D/ = FaET. HhEMA o EDOEHEEEEICIE, ReLU
EHWE. £, HABETRERENEZHERICERT 272D
softmax B Z W/, 77 4 <A ¥ —12id Adam (Ir =
0.001, betal = 0.9, beta2 = 0.999) W/, F—Xtv k
1 10 77El X, 10-fold nested cross validation THE 5370
Nz, T—RHEEDD, x, v, z DEFETT > X L7 KEENL
HMOAEToT2. T2, 7—XEROD7=DICHE DR ST -
7=, FEEOM EIIZFS Lh o 7.

4 BREER

AIS/MIA ¥ IVA 2 XH§ %729 DFK 4 D 3D-CNN £ 57
NDIFIGZWEREIA T OEY TH o 72 - FIEHE, 742 %
(95 WEHEX (CI), 72.4-75.8 %), &R, 80.3 % (95 %=
FEX [, 78.1-82.4 %), FREME, 67.1 % (95 %EHEXM, 64.
3-69.7 %), FGIEREAHR 73.6 % (95 % CI, 71.9-75.2 %), F&tk
W 74.9 % (95 % CI, 72.7-77.0 %), dhig Tk (AUC)
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#% 1: 3D-CNN 7V EH L7256 2 #HH LR WEED 3 NSRRI D2k ERE

Observer Accuracy, % p value Sensitivity, % p value  Specificity, % p value AUC value p value
R1 without the 3D-CNN model  70.0 (59.4, 79.2) < 0.0001*  52.1 (37.2, 66.7)  0.001* 90.5 (77.4, 97.3)  0.002 0.71 (0.61, 0.80) 0.897
R1 with the 3D-CNN model 72.2 (61.8, 81.2) 77.1 (62.7, 87.9) 66.7 (50.5, 80.4) 0.72 (0.61, 0.81)

R2 without the 3D-CNN model ~ 72.2 (61.8, 81.2)  0.008* 75.0 (60.4, 86.4) 0.063  69.0 (52.9, 82.4) 0.250  0.73 (0.63, 0.82) 0.889
R2 with the 3D-CNN model 74.4 (64.2, 83.1) 85.4 (72.2, 93.9) 61.9 (45.6, 76.4) 0.74 (0.63, 0.82)

R3 without the 3D-CNN model 74.4 (64.2, 83.1) 0.125 89.6 (77.3, 96.5)  0.500 57.1 (77.3,72.3)  0.500 0.73 (0.63, 0.82)  0.893
R3 with the 3D-CNN model 74.4 (64.2, 83.1) 93.8 (82.8, 98.7) 52.4 (36.4, 68.0) 0.73 (0.63, 0.82)

3D-CNN model 74.2 (72.4, 75.8) 80.3 (78.1, 82.4) 67.1 (64.3, 69.7) 0.74 (0.72, 0.75)

Values in parentheses are the 95% confidence interval

AUC area under the curve, 3D-CNN three-dimensional convolutional neural network, R1 = radiologist with 9 years of experience,

R2 = radiologist with 14 years of experience, R3 = radiologist with 26 years of experience
*Accuracy with the 3D-CNN model was significantly higher than that without the 3D-CNN model
#Sensitivity with the 3D-CNN model was significantly higher than that without the 3D-CNN model
fSpecificity with the 3D-CNN model was significantly lower than that without the 3D-CNN model

Input 50x50x7x1
Convolution3D  50x50x7x16
BatchNorm
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BatchNorm
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BatchNorm
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BatchNorm
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AvePooling3D 1x1x1x64

Flatten
Dense

Softmax

!

AIS/MIA or IVA

1: w7z 3D-CNN D&

0.74 (95 % CI, 0.72-0.75) TH-7= (£ 1, X 2).
HHRAHERIEOREE, KE, FEEICOWT, 3D-CNN E71
ZEHALRWEEIZ, R1TE 70.0%, 52.1 %, 90.5 %, R2 T
3 72.2%, 75 %, 69 %, R3TlX 74.4%, 89.6 %, 57.1 %T
Ho7z. 3D-CNN EFNLERWEE, BEHRRIEORKE, K
B, BRERZMUTO@EY THo7. RLTIX72.2%, 77.1 %,
66.7 %, R2 Tl 74.4 %, 85.4 %, 61.9 %, R3 Tl 74.4 %,
93.8 %, 524 % TH-7-. 3D-CNN EFLZHWEGELH
WIRWEE OB GHREE ORI E B R 3 R o 72
A (p>0.88), Rl & R2 OHEfELZ 3D-CNN EF L% W
LEOHPERICE -7z (p <0.01).
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100-Specificity
B 2: 3D-CNN €72 L7556 & A LRWGE O
SHEEAE O ZEHEIERE DT O M. 32#Ud 3D-CNN £
FAEMALREE O SR EREORSEERT. RL(H),
R2(%%), R3(#*) TH 5. R1, R2, R3 ® AUC ¥, zh=2
70.71, 0.73, 0.73 TH 3. HHHE 3D-CNN E7 1% iz
BHREHERE O REEZRT. R1 (F), R2 (), R3 (F) T
»%. R1, R2, R3 ® AUC fEixzhzh, 0.72, 0.74, 0.73.
3D-CNN E7VEMH L 5a e HHLR» 2 RBEDRK
SRR (R1, R2, R3) oWitRgicid, ARZERALN
ot (Fhziip = 0.897, 0.889, 0.893). AUC: Hi## T
[Hf8, 3D-CNN: 3 ZtEAAA=—2—F )Ly hU—2 Rl:
FEBRFEL 9 F DI EHHREE, R2: #EBREEL 14 O MIER K
SHREAT, R3: FEBRFEEL 26 4F OISR U AR AT

5 F¥&o

BA%E L7z 3D-CNN £ 71, CT HEiffD o i EEiE %z
Tl 2IHREBURTIETHS. ZOEFLEHVIUE, BER
DEVHAHRERIE TS, MRHEEEOZHEE Lz LX¥E 3
ZeMNTE, BRELSMLL, ZMEESETLRY. 20k
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2, CNN E7LVZIGH T2 2 8T, flidAMRZRWRKD &N
DI DITHFETHON D MIE CT ITBWT, HEHHREHE D R=RY
IR R— P TELARENLD 5.

5| Az

[a]

[b]

Siegel RL, Miller KD, Jemal A, Cancer statistics, 2019.
CA Cancer J Clin 69:7 - 34 (2019)

Borczuk AC, Qian F, Kazeros A et. al., Invasive size
is an independent predictor of survival in pulmonary
adenocarcinoma. Am J Surg Pathol 33:462 - 469 (2009)
Naidich DP, Bankier AA, MacMahon H et. al., Recom-
mendations for the management of subsolid pulmonary
nodules detected at CT: a statement from the Fleischner
Society. Radiology 266:304 - 317 (2013)

Maeshima AM, Tochigi N, Yoshida A et. al., Histolog-
ical scoring for small lung adenocarcinomas 2cm or less
in diameter: a reliable prognostic indicator. J Thorac
Oncol 5:333 - 339 (2010)

Katzman JL, Shaham U, Cloninger A et. al., Deep-
Surv: personalized treatment recommender system us-
ing a Cox proportional hazards deep neural network.
BMC Med Res Methodol 18:24 (2018)

She Y, Jin Z, Wu J et. al., Development and validation
of a deep learning model for non-small cell lung cancer
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for pulmonary adenocarcinoma on CT: comparison
of radiologists with and without three-dimensional
convolutional neural network ”, European Radiology,
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BRASHELEERZEA LB ERRARZEBE 7O XDEEL

1 ML=

FEIERERIC BT 2 2B X REETE O R 21X, iR
WKEISERBERIBREERE XVEVWI R THRZDI1Z, &
BIEMS  2XNETHOLEETFHT 222 TH S, WEHEH
B, EYIRZM e 2 E D  RERIBHRETE O R T 5729
2, REORBRYBERAMIDETH D, BEBROBOER
Eiicy o Tk, MEOR%EL L, #HEOMED 2w HENE
fELY. HEPEORFEORHZ KM L -HEBE S X7 L0
SMATEE & e AU, ERHNERTIC & o TR E fE A oI
DORBY, FEBEBOROEREMCE > T, MEOREL L,
WHEORY BT 2 L THOEETHS.

B TMEOMEB RS e THB) L5 imBE
EHELTEY, BROBERBZMB L CRETHE2 IR T %
Tat RF T TFD3IDDRTF Yy Ih oINS (XFy
71) BEEROIEELRIEDO Y A ME; (XRF v 72) fixD
RMIERNCfREEE 2 5 (RT v 7 3) HENLMED RIS
B FIEEZRET S, YLD X512, ZW e IREFEOIRIC
Hho 2 mEBEIEEORAENRD s hL s, B
M O IBRETEN R HEIL T 3R AR E S PO FELTE
72, EWRMEBICBWT S, TF 28— b RT AREWYEE %
AWT, BHiEIET2A ] SR TP INTER. =&
ANR—= MY RTLELTIE, BARBROBGEZIIZTEAT
Y A7 4 (Maeda Y et al., 1987) %, FHIIAKRERE DM %
HHETHAT S 274 (Kohno S et al., 1993) 23 %. LA L
75, BEHMTTICBOWTEKB L OIEREITEZ IR T 3
SRAT LIV ERERICEE > TV,

HRAROZHORNBUTO LIS ICEWIRZ BN TE
3. Thbb, Eito (R7vy71) &, BEEREFNEEY
LT BA725GE, FEBRICEADTEITI Z e THRIRERH
L, FHZer o CREER L OB X2 & b ELME 5
BRIz iclY 52, £k, (RFvy7F2) &, ¥Fahi
IR L Ic B S b EH T icxib T2 e ERA 6N
3. EMROBZWNIIBT 227 v 7 2 Ofl 2 DB fRIE
BEZ LB, BXURT vy 7 3ORENLEEDMRTEL
FEZ PUE 3 2 @R IME 4 ORER OfREE R THERO S8
Fhai 2 HBFEMN R MRITIE L FIEE R T 5B RNORER 2 2
ZBIEMTER. ZOFROBREELHASEAEOMEYL L
THZ, HERZBIOR Ty FIHARL Z 2 THRWAN T —
R % W CRIERERNAEICB T 2 HEIRH © IBEEHE O
VYRR T2A] O RF ADBKEBIZTE 3.

all T (EEHERD
TEK B (BRERRTERD
iyl B (BRSERoE A}
Wl &z (IDS)
Chenhui Chu (IDS)
I — (IDS)

Z 2T, AHEROHINE, HBRICHTEE M- SEEGRES X ¢
BRI R Z Ut in s 2 irEstEE 2 HWT, BASELHE
OFRICL DAY S BEMICEZE 21TV, X 5IIIBRTHO
MREITV, ¥Z20NEZEBEATOES R EEICHERT 2
EORAIVRTLZHRETZZICH .

2 WREOEM

LR EE I NN 1 FHoOREGTEE X DA - 228 - 35
FEGTH - BB O 4 o L, #EE o<
HASHEBUWEEF NV EIM T 2200%¥HF—22 5%, 2L
T, N1 RTEICUTD 3 DDV TRRIDNRA T4 >
LT, BERBHEEICE T 22z BELS 22 R T %K%
F£T5.

3 HARDEE

GhacER SN 1 THORKEETES L DT - ZW - 18
T - BEMIHAD 4 o2 U, HlsE icEo]
HASHEUHEF V2T 2720 0EH T2 35, ZL
T, LICRTEOREIMUTD I DDYTERT DAL TF 4>
LT, MEREHERICB I 22W e HEMLT 2 0 X7 L2 H
EKT 5.

3. 1 FRR-M
REETHEEICE TN BEOREEEIL, #7300 BEORK
BSRANSRDZCLF I ULDTF R MSHEBEY LT, i
B o ofido BEiEmZ 227 2ERMLT 2. BASHELMIC
B BRI PVERETLVERWTHRS 5 ORHEHE %
TV, SVM R OBMRETFETAZHWTYLF 7 LM
MEZREL. Fiz, RARHST 2EBZHH L LFE—
XA EMH 21TV, BEOXEEHIET.

3. 2 EHr—>REE
BEETEFEICE EN A IGRIEE 2 BE L, 9 300 EHORE
Z UL DRYN D K 400 D IEHIEH O R % E RS 2 R
ZWMEE LT, 2o OIEHETE O BEjAmR X R 7 %2 &5
b5%. ZWORIRES OVIZEIRLEIE, 1H5ETHEOZIREE
HISRFREEIC Zh 2 ATV S 720, AMEFHARSFELMIZ
BUIIEHRR R CRINEBMA R L EZ DI NTES.
Z ZCHEEF R I E D S BEIMBHER & FARIC Recurrent Neural
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Network (RNN) % Self-Attention Network (SAN) %
TARRAY B

3. 3 AEFHE->BERITHEAX

BRI & P B I AR AN O LR 2T 5 BARSELMICE
%7 ¥R MEGLOEME VT, BETEE L BE T O
BB AT 5. 7, BFGEHEE & BHE AT HAE D
HIET 2 EN» S, BRAFTHELHIIBI 20774 A b
OFEAiE HWT, 7FRAMFEGILETAZINET 27D DFH
TREMET 5. £ L THED S DmEETH O BEIA R X 2
7 L AR SAN IKED S REEEE 7V ZAIBRL, BEmT
DF-Z IR HEAER T 5.

4 BRERR

SEEX, FiRD O OBEOBEIERS X CBH» 5 ORE
SO BBAERICE D AL, 2, MELES AT LADER
L7-2WB X REEICOWTIESR, M, KE, FE%
Kb, 4 NOHEME A B« C - D OERL =28 & )iGEsT
HEIZOWTRDIEER, HE, BE, FHroEET-7

4.1 FRR-®

R R e LT, XFECHBELZHEEZRET % Bag of
Words (BoW) OFEEMET L. 728 E L L TiE Support
Vector Machine (SVM) OFExEMEF L7z, BoW+SVM O
FHEL 4 N\OHMEDRLEMRZE 1ITRT.

F 1: FiRD 5 OZM O BEIA K

ES%  MIE BEF M

254 097  0.65 055 0.59
BHFE A 096 049 0.22 0.31
HMEB 096 050 0.35 0.40
HMEC 09 039 039 0.38
HMED 097 056 0.39 0.38

4. 2 BE-REHE

SAN TIIASTDIRIE T L& —FITHAARA, FHERM D%
EERLUTARREH ALV EIEFICH T 5. SAN 2V
FiEr 4 N\OEMEDRLZMEREE 2 11T,

& 2: B o OIREETE O BB K

EER FE BE FME

AT A 0.91 048 0.48 0.46
HAE A 0.95 0.55 0.30 0.37
HME B 0.95 048 0.32 0.38
HME C 0.95 0.58 0.38 0.44
HMED 0.95 0.47 0.30 0.39
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EHREEBICHT B ALHEEZ AL

1 HROE=R

HEHRICBWTHTIIMD TEEREIETH 5. ERICEE
NEEZZT 3 BE BT, THRERER R &5 TIc
BERLBIEREER TAHRIMOTEL, L2A0O0D
BRI a7 aET 4 TPy Ru— Lkl R
LI ERE DR W THEERZF BRI B W TEHE
T Y ko TWb., —HTHlE, NLHBEDH T DM
VoWHEBIZ, T4 — 75— =2 ZORBIZHEWIRIEI 25 %
BT EBRSHNOESEE > T3, BERRETIEBIC AR
DHZER L, R L TBIA S ERLE TS,
L rOBITRR =V b FEREERANAL AN v 72 (EER
iE) THD ZONBHOMEDED LT WS,

2 HAROBEN

AR CIIBTICEEIE T 2008 - EFIRBICRET 2
BEOBITHG T — 22 WTREREE T V2 HEL, v b
DHED OEBOHE, EEESLRMZHESPICL, EHER
B FHISE R L IG5 & CITHTIRAERTINIC B 3 2 Hi wJE R
BURET NA RA2HFET 5. FH 2 FEOEWICTOWT, %
TT7F—ZX—2DWE, ZUIETLVOME, Bl — XHEIR
L2 ERREOBIR o WE T 5.

3 WROAZE

3.1 T—AR—XDIEE

BERDE

PITIHRL H B R 52, HEOBWEBIEARERZ R T
ZHIHED D v, EMMHBEEE, FEMEEEEE, BEHaas
WAHE, YLaR=ZT7DI B 1o UEEE MRER L EE
T5. ZOK, AWMBROMMTFIETS 37 —2D 2 XtlLo
BHDIN (2 KTAL TR EDIUC W EE R SN 3) Rl
OB REBER L T 5.

Bl D Y

WA S %2 EARIIC 10m H1T 3 2 B2 SRE T
3. 2O, EEOHEiho &KbY O/ 3m BEHIFIC
EOTEFPBITIEL M 4m ZERERBE 22 L 512h R
TRRET D (BT bm M, #ME DS dm OFERE). FiliE
Z0F 2 BE M - RCAUEEEL DIRT. BERI VT4
TERIEHEayta—L2335.

T

AR & (EERITZERE, KRR > % —)
R — (IDS)

A #d¥ (IDS)

ZH & (RFRUZER, KRR > X —)

3.2 BHETIOBEE

AR O I

IE 2 S5 L7 2 ROTOEE 7 — X0 5 WO B  FDHA
Rz L, RELECIEMET VDAL T S, A
Rt o ERFA [a] REIEA b, ] BHRETH 2 Z L 725,
PR DAL I LT mRE RS TE 5.

RIEEEIC K 2 BT

BATEIE 7 — X 5 S L BB R e HvT, BREEE I
X OBITIRN AT ET N2 MET 5. RUNSHEHOHE, i
fi - RE 27V —FOHETOZMBEEZMIET 5. KICAL
HIBEIZ X 2 BA S 73V =T 21T, EENIE T 25K L5
TR - OBEZ LT 5. ZRIRREZ T 2 KHFFEET
558 REREAOHIR 2B E 72137 V3V X L0 EEL
ZEEATS.

3
S

4 HREDORER

4.1 FT—ARN—ZDIBE

REBSBTTF —ZIN—2DFERL LT, OXRBFHEEWRAE 183
B, =%y ¥ 8 B, ZWMMEEENE 20 f, @%E 60 i
DHBfTF—R2ZWE L. S 2 EEZan FELXEOFENK
EL, AREE (WThOBEBRIZBWT S ABEBEHED 5-10 50
SERIE) DUANABYBEADT 7 ZABEHRERE R, Boh
To 7 — XS IR AL LFMR 1T 5 TEL IR0 I BEHH
eI otz. —HT, S 2 EERPEICKIREMRNRZ M
BB BARMETFT — 22BN, HRNEHERERD 7 — R INE
ZRMA L. X 5HIiI2anFORGEIN e NREERICERE S
DERD S, JEWSEE VAT 3 70 2 E I HREEER TR E
Bt v X —MERAE e ORI ERMGE Lz, 24U & D lEE
PIARRE BN U TR » 7 — R INERN R PEE I8 E L
7o X BIZIZLE 140 FEBED & 72 3 ENRBEM R v b —2
OHFFFEREE L L THEEZITYL (Y%A v bY— 27 0#EEIHR
PREIGETRE Y L CIRBLICRR I TV 3), Migs X ovdE
FIRgR B O KBIBIRT 7 — & X — 2 OE M 2 Biw L 7=,

SF 91

4. 2 BEIETILOEE

HMimoES r LT, IELETF— X0 oREEZMmE L,
FEEECIDEROGHERANT2ETVEMELL. B
£, KRR & ENDRBEREE LR MBI X 2 Rrdr g oz
B % 7= DEAMTE T DEERITET 285, ¥ b bIT 1 oDRERE
WOWTIRERE CHREEEOHENSARE HIH L, AL
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EEFVETIER L. SHICEREPREELRE I MM
BHHESHER 27 OEREICOW T2 ED 7.

4. 3 EHio—XHERRLEBIEERE
BARDSRRE W T 2 — XD FEEOFREN 2 RS
3720, ENLRIREER Y Y X — k5 CICHIREEERE S v b
V=218 3EE—-XDEHARHELITo 72, NRIIEE
Ty 2% (B - BEM - BPREL - X T4 IV T7 VR
&b - HFEH), HIBOMER - BEEREM, BEBS XU
DOFEBEE LT, B ANV 7HEBICEBIT 33 EPe=— X2
OWTHEWDFAEZITo72. T OREZEBRIEERHFED R R
VX —FFEL LTEHEBUTWERR Y7 3 — AL 45
FAVARICE B =—XOEBESFEITV, SITERFOHR
PSRRI D R LM OBERE=— XIEEN TV S Z L 2R
Jz. 2O Z D SARFAMHIHER UG 2 EFFEITBEE L 20X
BOAKRS T, ZROBRNEEFICL > THDTEETHZ Z
EHBHALPICR 5T, X HICHENEMEET 2 72D ICKRKF
PEEHABE  #HB L T2 R — 1 7 v FTREOZ YRR ET
BT B 2 BEMBEEMET L, EFILAEMED X ¥ 2 — KK
KERNVF v —F vy EXOVHBEREXH TG EREL TE
BOCLIARETNENR L.

5| A
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tion,” IEEE Transactions on Circuits and Systems for
Video Technology, 2019.
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the 4th Int. Joint Conference on Biometrics, 2020.

[c] C. Xu, Y. Makihara, R. Liao, H. Niitsuma, X. Li, Y.
Yagi, J. Lu, “Real-Time Gait-Based Age Estimation
and Gender Classification from a Single Image,” Proc.
of the IEEE Winter Conf. on Applications of Computer
Vision, 2021.
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1 HROER

Cervical cancer, the fourth leading malignancy among
women, can be prevented with early detection and treat-
ment. Detection through cervical screening not only aims
to detect cancer but also cervical intraepithelial neoplasia
(CIN), abnormal cell growth that could potentially progress
into cancer [a]. A widely used screening program involves
initial testing for cytology, followed by colposcopy and a
confirmatory biopsy [b].

Colposcopy, is a non-invasive screening procedure where
a specialist magnifies the cervix to search for abnormalities.
In most cases, acetic acid is applied on the cervix which
causes abnormal areas to turn white, or acetowhiten. Pho-
tos are routinely taken to observe this acetowhitening for
further diagnosis [a].

Colposcopy is often combined with other screening proce-
dures to compensate for low individual-screening accuracy
[c]. In similar cases, deep learning has been used to produce
high prediction accuracy with an objective data-driven ap-
proach, from object detection to disease diagnosis, using
available data [d].

wards cervical screening wherein data such as colposcopy

The said approach can be applied to-

images can be used for abnormality detection.

2 HMEOEM

This study aims to perform object detection on col-
poscopy images to localize intraepithelial lesions and
further classify them as low-grade CIN, high-grade CIN or
cancer which is essential in providing proper medical care
to patients. The said approach not only aims to provide
diagnostic support but also investigates the feasibility of
applying object detection on medical images.

Furthermore, as screening procedures can be cumula-

1: Cervix exhibiting acetowhitening over an area with

high-grade neoplasia, and its corresponding annotation.

AR TR (SRRSO
EH 8 CREBLEYRITZERD

% 1: Classes used by OU Hospital medical staff to annotate

colposcopy-taken images.

Class Description

Excluded shadows, vaginal wall, equipment
Normal healthy portions of the cervix
Lesion non-biopsied, can be CIN or cancer
CIN1 low-grade neoplasia

CIN23 CIN2 & CIN3, high-grade neoplasia
Cancer carcinoma

tively costly, certain approaches are not feasible in resource-
scarce areas. An alternative procedure is visual inspection
(VI) which can be performed by regular health-care work-
ers. However, VI alone is unlikely to achieve the accuracy
of colposcopy as it involves subjective evaluation, requiring
consistent training, quality control and experience to de-
Thus, this study also

aims to reduce the number of required procedures in hope

crease inter-observer variability [e].

of applying the algorithm on camera or mobile images taken

during VI to address medical resource scarcity.

3 HARODAE
3. 1 Osaka University (OU) Hospital Dataset

The dataset of this study consists of 672 cervical images
of size 480 X 640 taken during colposcopy, and collected
and annotated pixel-wise by medical staff from OU Hospi-
tal. Images were annotated with the classes shown in Table

1 as requested by the medical staff.

3. 2 Implementation

The dataset was divided into sets for training (444 im-
ages), validation (50 images) and test (178 images). Images
with lesion annotations were used for test due to their un-
confirmed diagnosis that could confuse the network during
training.

You Only Look Once (YOLO) v3 [f] was used as the
model for object detection, and classification for CIN1,
CIN2 and 3 (CIN23), and cancer. Ground truth bounding
boxes were generated from the pixel-wise annotations, with
different classes taken as separate objects. K-means clus-
tering was used to generate nine clusters from the width

and height of training bounding boxes to determine the
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# 2: Recall, precision and mAP scores of each class at
confidence score thresholds of 0.001 and 0.01, averaged over
four folds.

0.001 0.01
Class Rec Prec mAP Rec Prec mAP
CIN1 0.487 0.007 0.035 0.058 0.005 0.002
CIN23 0.631 0.010 0.053 0.175 0.089 0.028
Cancer 0.890 0.027 0.374 0.736 0.179 0.364

% 3: Recall and precision scores of each class at confidence
score thresholds of 0.001 and 0.01, disregarding localization
precision and averaged over four folds.

0.001 0.01
Class Rec Prec Rec Prec

CIN1 0.932 0.253 0.125 0.088
CIN23 1.000 0.309 0.712 0.462
Cancer 0.981 0.489 0.911 0.770

anchors. This follows the standard YOLO setup of nine
anchors, divided among the three detection scales on the
network. Data augmentation was performed to increase
the variety in the data, mostly on orientation as lesions are
orientation invariant, and with minimal changes on color
which is an influential feature.

Batches of 64 were trained for 500 epochs with image
rescaling by 50% to 150% for every ten epochs. Four-fold
cross validation was also done to evaluate the performance
of the model.

4 EREER

Evaluation was performed for confidence thresholds at
0.001 and 0.01, and with the non-maximum suppression
threshold constant at 0.5 intersection over union (IOU).
As seen in Table 2, the model performs well in identifying
objects that are positive for cancer, with an average recall
of 89%, satisfactory for CIN23 at 63%, and rather poorly
for CIN1 with a recall of 49% across all folds at a confi-
dence threshold of 0.001. The precision scores, however,
show that the model has a high rate of false positives on
all classes, which also reflects on the mean average preci-
sion (mAP) scores. Evaluations using a higher confidence
threshold of 0.01, removing less relevant detections, show
that CIN1 objects have extremely low confidence scores for
the model to consider.

The low metrics have led to further evaluation on the
capability of the model to detect the presence of classes

within an image regardless of the precision of localization.

This gives overall better results for both thresholds. It
can be seen in Table 3 that recall and precision scores are
more stable showing that the model is capable of classify-
ing objects, particularly cancer. It still, however, performs
poorly for CIN1 at a threshold of 0.01 due to its extremely
low confidence scores.

Detection was also performed on the test set which con-
tained images with lesion annotation; however, due to the
nature of the lesion class, the professional opinion of a col-

poscopist is necessary to validate the results.

51 B>k
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1 HEOE=R

AV (WL EATRSICBIR R L TH D, [HHRAE
RUEET S, ZORD, APy b= 23K EERD 5V
SRy >y I EREZEEZ OO, MERKEZRFTE L.
LIAM, WHhWB T 4 IANERICBWTIE, BRIDLN
HEOADIDEERYHELY RS, RV b r=7 RIHE
BOEYI T3 INETERETH o2,

2 HROEM
AFFETIIRERDZAY Y b r =27 XD ER% 1800 fxik L
AV PR ARTOERES L ZNE CIBONIHEMZIE
MLDoD0d, ¥R, FRcAEke—rarveryr7oEEl
WHERAEYE TS, Zhuckh, NHEEFEOZRE - 2% 10T
ROFERER LD XD FiE Rt RERIICE T 2 MR T DI
. TRETOREY br=2 AWERBOTNE S — 2 F =
UIUTHIMAIEE 4 T Y EEL, HREIERH BRI
B 2F % LYY ZRMOMATH 37213 ThL, FEWND
e L TOFAEREIR  EMVE IR IR TE 5.

3 HAROAE

TaDBFE LT, WEMAE TR 2R > v 7]
RERAY YV #ET [a] 2, EEBEATOSHVWI L X TA— T
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NRA L AL ZITS. Zhuc kD, Blx 3o RESE)
XRMIT2 e R FORICE VY S— FRIED I 22T
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BIZIEFOFICE YIS — b EM-> TIROBER ST IcH
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HAITIX, ZBOMEHMIETHR I 2MELY PY—20
THEREIEE N U T, HA R INEISHE B ES U, 53R e -
MEMPTHOI TV S, OGRS IR RCB T 3
FEREZFADOMIER H = X LR IR T 2 72124, M & O
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WABZEHPEETHS. 2 THLAIZ, BErOERMCE
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BHEFNI UEREEERICL 3 EHEEROREE
DI & 75 B BUEBRLDFEE
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ERNICBWTEZEREMGE 2R T 2201013, 2EZ
KA MIREDS, YRR » BRI CEYRIER 21T Z e EE
TH53. ZOXIBRIRAT LEHERT 370121, 4 =74
NEBIET 3 720 OBEMERAT, RizWHEHREHT 27
B DHIEKER A, 7 L TH LN REDOHEGRT — X %%
1 - EEMIIENT T 2 720 OIERILEE M A BE L 725,

2 HAIROBEN

HIREOC R A X —2 v 70, AN B T 2 MildEiaEz 3D
PORBOEHGE UTHRISARETH 2. MAT, RlwikEE
B 3 X Vo HRARILS 23007 v — RGN, )
8 {57 Z BN D TE BN RN S 2 72 D DT IR DB FE & B
THH, BT OWMEENRIEIELITS ZeAEE LWV, K
TR, BELEREDEOMEE o2 L, LI
DL EOET v — T DD b B F A RIS, EEAEE
Bt O —HOBIAFEZ TV, 7 — ZEREIFEA DRk D
EHzHET.

3 WMROFECHSE
3. 1 HAEREAXAvF>I/7O-TORE

HRE R LBIC X D EFTEZHNAL v F v 7 T —
%, EESTPHIIED in vivo b T v F U U0 B R REEMER
ANDSHDB AL LMD TRANRY —Lekd., ZNET
HH R R BE A LB LEE & V) 7 B AR X
N, BABRARX =SV ITMEIISHENTE . —F, #EXx
URTBEZ, REEWDEIDOLERBOA X =Y v B0
THAEO T ZMEITER SN TE . AETIE, ZOBEE
R 22 2HNE LT, RLEREGRESEOaRLRAL 2
HHRA v F 7 7u—TOMBICWMOEAT. Ta— T
DHIRAT, 74 v/ IvI/PFIEHLL. 747 m3y
IR TIE, FEREORERFINDG Z b TILEMBEIZELL
BRI ER T TFTHD, E, 7IV-AT7VET Y —
W (Arylazopyrazole, AAP) 2SI, ZoHFIREH
D7 VNV el U TREIIED 98% L Er il TE
{, B&EME (11/2 = ~10 days) KENZ D FTHD. O
e, TYNRVEY LD bEERS TREEOHENAEETH B
CHIfFE N .

Z ZTARMZETIE, AAP 2REEHIBEITRER Y > h— LTH
W, CHEEER Y IR RIISERS L TR L. AAP
HEHROMEEZ LTWVWa & Z1g, B Faetkr2b, K

M ME— (RFREPERD
Y HfE—BR (CLZERPERD
FRy A (TEERZERD
R AN (HERETIERD

Fhz & b AAP 2SHThihids o 28I B LT 5 &, aENHL
RO HEERLEXT 2 EL2 . ZORBICGET 2 90EMm#E
LT ZEREDEW TMR %2, ZOEHEr LTy=hax
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2%, AAP M BEME(ERGES R L, 50% 2 X 3
HYGREA(LABN XN, BHiZ, B3 HEDEORY %
BOBLITo- 25, HRBOT 3 2 vk (I #ERE
DA R BNz (FERAL [1]).

ON-state (F) : Fluorescent dye
E-isomer Z-isomer A 9ee S
,Z;N /v (365 nm) I: s i '
F O v\@> —— ﬁ Ao (TMR)
u,_ P /v (530 nm) i @ : Contact quencher
: NO,
Contact )
quenching i "°* (DNB)

X 1: JEHSHC X D HOHRE L EFTE AL vF v 7T
-7

3. 2 BRINEEDOTTRIEDHD pH REHHEATO—T D
5k

B EHEBAE DT/ NEZIAL AL TEY, BRED
IR, BEfMEr a3 2= —> a 2N UBHBOMHE
FHICHFET2EZONTVWS. L LEDYESZDEREICIER
fRIAZZ MR I N T WD, Z 2 CH I D BEEE % IR 22 R fihT 5
70T —TEHICHRELE. 20T e -7k
pH [5&HB£ L LT BODIPY FEMALE L, BB
DLV risedronate 2 AT 5 Z & T, BMEOFET
5 FMHABATIC e —TaEEI NS Ko weEE Lz (M 2).
TH—T v ARG L OCTFIEEMEEIC L 24 X—Y Y
TE T2 25, WL DhDB/NEDEIZIR > THEKD
Y TraAnBE e, ZoBIEMRIE, FMiEE T pH
METLTWSZe2RLTED, Bl ELART 285 %
XFFIbOrEZ OIS (FEKMX [3]).
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AEE : {HEFROBSRENMIBDEE TR (F S B DR
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52.1 SNSHS5DIN—YFS414 X REIEDR

52.1.1 HROBER

AV R=2y FRAV— b7+ YOERIZE > T, ZLOADPRBIEREZEB X UHETE 21HHHS (Society
4.0) BEBEIN FKLE, IS OEREEMEATE 2R~ — MR (Society 5.0) OFEHICHIIT, HAS
FEALTE <o [ G ALEE D Fi i & B 72 SNS EFTICE D FHA T WS . Twitter REDY =¥ v b« 2y b T —F 7« —
L2 (SNS) TiE, 2—¥»7F R MREHEGEZHWTHEMRRORNZHEELTWS. FHrid, IhooRFEEERL
RN TS B Z e ic ko T, ARG ¥ B 2 SIS S B s fMiEo Al 2 B

RFEM 72 SNS M DIATIIZR X, BAEDH DD 5. Twitter DERICONWT, BFHE ORIEMMEZ 3 H (R
TAT cZa— bbb X AT 4 7)) THET ZMEHESHIEINTE R, EETE, FEEEHLIE, FEllREIED
HARPRIFREOHEDRALNTWVS. 2L, BEFEOKREIMT -2ty T, BRIE7 V25T 2FRE L
T XA P DRIRED R D70, BAEI ST RIZF B 2 BERE O EICERE Y TTE L.

5.2.1.2 HRDOERM

AFFEDHIE, SNS L TORBEADZHLEELZBEFNVICHET 2 AT L2 MRETHTHDL. 22T, &
FREBHFIC L 2 TT U &N/ Twitter DBIERE 7 AT E 7T — Xty MR L, SISO FEN 2 HE 2 H#H
ETBRBEEEET VRIS 5. BRI, RRORRIIZERBL, RENZEEOEEEZHET 5.

52.1.3 HMRDAHE

FY, T—&RLy VEMETE. V59U RY YUY —ELRDT Y —XEBL TL L HARGED Twitter FIFHE 2
LHEDOBEDHEMBEIEL, FHNLBEREZEDSALEMNEGELTHSS. TLF v r70HASKE (B0 HL
Ao [EHE - BEE - D - BN - EBx R 2RI, EREICOVWTZEAZNDRIEDOME Y 4 BFE (€ - 55 - -
) THELTHHS. BRETERWMEEEDL 7 IV RY =Y U7 RELTREML, SEFRICOWTHERICEBNZ
BIERED SRV EMNELTH S S.

Rz, BAEIMETNEMET 2. FEPBICHSS T A MEET LV (BERTD) 2X—22 LT, 2—FHRP
MR EERT 2-DDHREIT.

5214 HAROMR

2020 EE I, 5.5 10T & 5 ik b BRIFHRE 7 XV OME, 80 A SHEFF 43,200 HRIE L 7=, SR, #%
fat BB X 2 EBIVREERE Z NLICMAT, 3ADZ 5T F7 =7 X 28BN LRRIERE 7 Vb5 L.
BeREE X, Mg 5 ATETMCHED K 60 HE OMEZK S FEM L 72. ZOMMEZNNIE, Tk TRER) kD
60 FEOMMBEAE I T2 HH DS E L 7 BFEFHMETHE L, SEBOZYEEDR LIIEICL > T, #MHE - 4
Mt - A ENE « BICE - BEEMED 5 MO MRIEEL2EI R T2 0TH 5. A7 —Xty MZ, GitHub IZTR
Bl ThH b, £, KF—&Zty bO—E (50 AH» 5D 17,000 £F) 122WT, FRXHEK [1] IS THERFEREIT- 2.

BB E O —BUEIZ O W T Quadratic Weighted Kappa 23Kz 25, 3 AD T TV N U —hi2 X 2 K EEF
+:121% 0.547-0.585 @ moderate agreement H3HF & N 7z— /T, FHEFHE & FBFEME O —BUE X 0.439-0.465 O fair
agreement THo7z. ORI S, BFEEBHEHIC X 2 EHIVREE & A & 2 BENVZRIEICIITRBES H 2 2 & A3
bhd. Bz, B oRETIE, FEFMER T2 0.581-0.630 D—FBR.H5N=d DD, TEEFHE & BEFMO—
fE1% 0.363-0.386 &, KERF v v IBFEEL. ZOXIBLA—HOWNRESM LIz 25, 2EINICEBIN G

*1 https://github.com/ids-cv/wrime
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5.5: NEEL 727 — & Dff

SREEIX EBRV R RIEFRE X D 99 FHB S N2 HAIAIH 5 Z e avbh D, MAIIARD LB 2/ NGHE L3 wvw e
BA5. BRYORBOHITIE, FHHYLEEREDLRT D 2D 58.6% IOWT, HBIZEEREIZMETDH - 7.

RSB S 7 X A DT T IUIC X B RIEHREHEE O FEERD 5%, THRRRERE X D & FEI L RS
DHEEMRER S WEHAZ R S, FERINRREREOHES L DBLVWHETH 2 Zebhr s, 7, FENRRE
RERHEE T HFKCYH, EBNWREHEBRED 7 AN ET - TERLEETALD S, FENVREEBRED Z L)
ETF—XTHEELLEET VO, & RWEENREZEL. &I, RREFOHBERPBEORFEEZEEL,
XD @R FBRREOHEEE T AV RRZEL 0.

FERTHR
[1] #J% 2, Chenhui Chu, BAMFCF, HEEKR, BiR—. “FHREE L ZBRBOREH#TEDLDOHRET -2ty
b7, SRBIL AR 27 [4ER KSR, pp.523-527, March 2021.
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5221 HAROEER

AR, Society5.0 FHROF U DOEBNCAIT /- X F X FRM D AASHEEZI N TWS. 2019 4 6 A 25 HITSERIEE
XD FERINT HRROY V% X Z 2 MG FAHEE TR (R E o)) T, KERO¥RL - BEBS IR X
N3z LT, MERICBIT B0 - FERER C OffI 2B th o 73508 - 4> 7 4 YEE O FEN) % MERN KE TR
RWRF OO EFLATWS. BERMICE, BIEEMEZHVZ e 7—=v 27 B TORENFE K EBHRAR
LNTED, FHENEORBFEIL - BOM LA LRHETHEFETORE 22T 5 2 & DWE R AEFEAN O E AT
ENTWE. $7, BHELAERBICBVTE, EFE, 2RPENOEH - 77— XA =V ZABEORLIED HNTE
D, ZORICH R - ZREWEIRZ LICREREREZHTE 2 e 77—V J7OEANMFIATVS. —/T, e
5 — = IIREPLEROBINREOREL KoTWVD. BWZBEFIEROFERL LT, =05 —I XY b JFFEA
DI 72BEE) OHFELREETH 2 Z eI hTw3,. NEREDE AR, BENEEEORFERT, #ED
EESHNE L HERET 2 Z e BARETH 505, BIHBIIC L 2EBRTIEADEL L, ZOME, RRCLEHOES
WV, HBEASWVICABRLEVWE SRENEAR, T —IX Y FMRETIETVWEEEZILNS.

F72, AR SERRIAE OBRTIEX, KMROYAL - BHEBGICHFEINS 2 e LT, MAEULHIH L2 o ¥ 0D
AR INETTRAEVWHIROAER dFEIToh, MiEEROEEEA VORISR EBREAEF 2 L TURIATWS.
AR, HIERE SR 2 S HEIE FAAEE AN OWESHEEX N TEB Y, HdAEEr AnE S FiERIEH I ATV 5.
—J7C, Thdi R EEER B O 7L — THFRICHIT U CEE D 270, BEMEL OFEEER TNV — T O
TEIET 2 ZePRETHD, FELR->TVD. EHEORECHD M, FihT — X &AWl =8 A O Bk
EOHTER Y, FRARIFRIHED SN T VS0, EIRORETHBUCID ANLS Z ¥ AT X 2 FIEPHIM OB TR
DHETH 5.

5222 HMEDOEH

K7 =7 bTlE, Society5.0 FMRDZEURDEINCHNT T, e 7 —= v ZFRMfAlFEE 2RI, FERO 2 —P1T
BB LU XV T =2V EEONFIREBOMTICES KN EDELHAE - FPEHOERT LI zHNE T
%. 2020 FEiX 2019 FEEL S5 &t &, ¥EEFEOTEL Y > U VICES S WVREHEE T LOME, BXUOT7X Y
T4 T TV TV RT LADWEREIT5 T,

e S—=V4
BRD e 7—=v 7T, FEOZVF—I XV M 2ifiiid 2 e BRETH D, ZahFRIEL WS 3E
5. Fi, MNHEHRELRRD, BEPFEDOKREZ Y 7L R ATHEET 22 L, BHEBWCLZ 7 4
0—%7 14— FXNy ZHHYNATORTWARL., 22T, KR TE, e 7—=V 7HOEEDITE) (BHEMN,
DA, PEFE, R, HilEa 272Y) ZEHL, MRESHBESFONFIREBEZHE ST 2 28T, MRNKRe 7—
VIV AT ADORELHIET

WHIAEE
I FEIPNBD N —TTIT 5B TH Y, FHEFIEBD 7V — TDFRTTHE T 2 D8 —KINTH
5. ZOd, BES TA PFEFEOFERNETE T2 e pREETHS. £/, A ADaIa=r—va
VERBLIFETH D720, ¢ 7—=V 7 HEOHERHOFE D X 5I1CEL T R M X 2 E 3RO A
HThHb. £IT, AWRTIE, HHFEPOEEDOTE) (B, Fi6, XY ZEHIL, maayrEcsy
28R GEYEE, MifEkyY) 2HET 22T, MRWRHAEEIRS A7 L0MEL BIET.
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5223 MADAE
OFBEDOREHRTEETILOBE
1. EERT— 2BV EBEORBERTE
2019 FEEICNE LTc e 7 — =V JIROBEBR T - X2 HWT, ¥EEOREEHET T VEMELL. #
EE'TANDAINZ, EHERT — 25 54l U BEEEGORERY 7 -4 L, MBS X CRHAM T —
20 SR E M T 2RI D CNN-GRU €712 & D, FEROBEIREEZHE L. %72, KEF LIS
X, BEHEFACTER LEAHBE2EEETLOEE AT 2, BEOMHAZERRA L.

2. BT —RERVWLEZEOHZEHTE
RRT — 2 &2 W72 BE O 5 EHEE FIEDOWHELIT S o2, NREORHEEZZ I ObWVWTA Moy
¥ U UHRERIER L7 HMD 2 Wi 7 — ZINERER 21T o 7. 728, AWDMHAZR Tvy =7 b L)
LTEY, 7—XINEERICHA L2 EERNIBEZHM TH 5 (Society5.0 7uy = MIT—XINER
FHNE LTSHELTW3). Hilh URARER (LS, O, BE%) 2Ahe L, yR—-MRI X—<
UERHAWT, 2B (FHEMER /L) O EEHEE L.

3. RBBEMICEDCHRFBROESEMTE 2019 FFEICUUE L 7B O A X SR T — &2 2 VT, i
A B DR OTEVEEEHEE 217 o 7. I B0 & TRIEEE 2 W 7 Z8MEE £ 7L (openpose) & W
T, BREEMLL, 77 7MERERLRETFEHET AN TH S, 77 78BABI Y PV =T Z M0
T, 77747/ 7D2EFEOTENE R HEE L.

=T B SRIBIL| N\v>T

== =
BB O IR
(@ e S AN
- T f” !
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b BHAS g L&
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Spatial-Temporal Graph Convolutional Network
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QFET T4 T 53—V AT LORE
1. R0 TYVETARBE AT LB SUHERY v aR— FORRE

A E P OIEEE 2 HEE S 2 7D OHEEFIEOMET 272012, YIBHEREEF IS 2 Hif-EHh o
BEOENKT -2 (R, FEPORT 2w L8, 5%, #2872 (BBCk21L—7Y v 73
fii) ZINEET 2. THERL LT, FAVE WIRD OREICBNT, HHAEERO— AFMERmg, =
N RS, R, BAOT—X2IUELT:. PREBRO T - 2BIE T2 10k, AFEBRTHS H
FFBERAZIZOWTHET L7z, REBRTIE, FAYDI—FF—24 THLTy b »oEREEHAY
BRAZZHZEL, M EEEREEML, FEEO— AR, AR, Hif, SH07—X2IUE
L7.

W

. m @ =] Shirai, Shizuka B BWE | 1ume
DviLoe Ty REVY  TyooRft LTHR#

'I%*Et:\:llj?{ @ / ocotoryoEms

1 WEEFa VT Va

| msotxiuFsem

BACRRICS T BISROMENE, T2, FAtE
HIFIBCE

[#aranco v socEREgR Y.

HEEME (Confidentiality) |pe— "0 rsp

2% (Integrity) WRIERTHD. TR THIRHME

HEIANICEDN VB EE(IBBNT Y

BIAME (Avallabili 7
(Avallabllity) | L2 0 mmeaznt

BEEF2UT
FEEM 6% 351 BAE

%E: 2021.04.10 021.04.10 {FH#: Shirai, Shizuka B3 W&

B, ICTORBICHEV, Y1/ —HEHFBBLTVET, AL REHLERLINEECLSHVL
S AEHbE L T AT AT L WAEE L7 P AEBTE. 7 OEETE EHEE T O

X 5.7 v~ Z7marysrYEFAREES 25 A

2. EREICIS LT 1 — RNy I FEDEE
AiiD~A4 r7var 7Y T Al R 7002, MEFOEFE (HEESZ VS —IX V) #EET
NOWERERICE DL 74 — Ny Z2OHHAREET 3010, R4 &5 7y a v FEOKE %
1To7=.

5224 MRDOHER
OFBEOREBHEETILOBE
1. BERT—2ZRAWVEEEOREEHE
I8 HDEAED T — RITOWT A-JEIZAERGFEZAT o 72 4GR, REFIETEHIFL 70 2a7hf 0.7 &
7D, AU(Action Unit) REHELESE DR A SHEE L HE L HIRL, SRETOHENREL ko7

2. BRT—REZRAVWIEEEOHZEKTE
11 HOEAD T — RIZOWT, 3 PEIEMEEZAT - 724G R, REFETIE I FL 27 a2a7 5% 0.75
b, HRERE SCEEROM ST 2 W85G L AREOSKE TOHEE L 7R o 7
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3. ZBERICE S HRAEEROEYEHTE
13 70 —7DF— &I LT, Leave-One-Group-Out ZXZEMALZ 1T - 28R, BEFETIEFEFL <2
BRaA7MBN0.72 kD, I 7EEERLBWVIERTIEL KL, SRETOHENTIREL ro 7.

QFETT14T S5-I RT LOBRE

1. R0V TYVETARE AT LABSUHERY v aR— FORR
2021 4F 3 ARIZARS R 7 20358 L, 2021 FFEFEY (4~6 A) o2 LaZERE O —RIEHREE
BIEICBWT, o Z7OIERBB L. Fflaa >y 4 LV RABYSEOMEBIC LD, ARE Y #HE) L5
BROERD T E 7020, 2019 FED X 5 ICEERT —ZOIESTETWRWAY, FRIUHEXE, EKR
ZHEBEL, #HlEa v A RkT -2 OBREOFELED 3.

2. EREIICIELTET7 1 — RNy I FEDBR
Mt Lz Y& 527y a Y FIEOEMEERIET 272012, 2 —FEBROEREED 2. LUIDOTETI,
2021 E 3 AICEBEHBT 2 TETH 5 724, HAan F v 4 )L ZEGYEDILKISHE, FEERDPIER
o=,

FR

[1] Mehrasa Alizadeh, Tomomi Omae, Shizuka Shirai, Noriko Takemura, “Evaluating a Collaborative Learning Card
Game for Pre-Intermediate Language Learners in Face-to-Face and Online Settings,” Studies in e-Learning Language
Education, 2021

[2] Ryosuke Kawamura, Shizuka Shirai, Mehrasa Aizadeh, Noriko Takemura, Hajime Nagahara, “Estimation of wakefulness
in video-based lectures based on multimodal data fusion.” In Adjunct Proceedings of the 2020 ACM International
Joint Conference on Pervasive and Ubiquitous Computing and Proceedings of the 2020 ACM International Symposium
on Wearable Computers, pp. 50-53, 2020.

[3] W THEER, WAL T, BHFDE, 7V TR 7Y, RR—, “BEY =777V IXTWEDONHEI et I Xy TF—2ar” |
Mo a v ¥a—REPare A X—=I X717 (CVIM) , vol. 2021-CVIM-224, no. 1, Jan. 2021, pp. 1-8.

4] BHFDE, “TYENL - FIURT xR = aYIZXBZFEDHE - EEIHR ~RRKROERSHE v Y = 7 F ORBIFEN
~"  HABEIER 202l FEFEEAR - S VRI UL [FIRIL hSU AT+ —RX—Yay HEZBZHEBEOARNK , 2021.
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F—RE VT4 7arT 1 THRETIE, ZRREITFICBVWTEREINWS Yy VF— 2 OREHEZHEEL, F—&
BB DOF 7o 2 AN S D HERE, X IR, AR, REEIIMEO GG Z (R 5 5 72 9 OB ILAI ST %o 22 3L
AL ZHEE L TB D, ZOMEEME LT, REPOZSHRELZ S OT7 — X DIVE - FEL, AL BINFIC X 2 EE R
F=ROMEAREICT 277y b 7+ —LDEEEEDTVWS. T, REFY U RZAEWNRE LEFEILT7 4+ —LF L
LT, PEERPEMSIRT, TRty 7o RAEAT Y 7, bl ERESE, Shr oy v FicGREzHoLe Lk
BRERHEHEL T 5. T, TNZhOEHNEEHRNT 5.

532 T—H2EUTHMAAERRBEDOER

7 — X BB DR EHEEICIE, REDPOZRAR T —X2ERM LN T 270 0RMHIHETH L. THETIC, KE
T = REMRNTAREICT 272007 — XYEAY — N 24 EPBHRE T T4 = 759 FEREE, Al ZHWR 7 — X0
H3ED72dD GPGPU #HB#V— N, KET —XOEMBIUOEHLR 7 7L AZAREICTE2HER ML —I T AT 4,
TIORNT —Hh A4 TEHEB, BROLZENLEERT 20y NV —JHERRHL TE .

7 — Z IR Y — N2 VMware fEOREILY 7 b 2 7B A XN TE D, 7—XoHNE DA% 53, Web A
VERTx— AL BT REHI AT LARY, MARBORES —NEHHIZT 0, T2 TE5. £/, 3
BRAML—YTRT L& FibreChannel I X DR EINTBD, KET—Z\DOE#RLT —X7 7 ADWA[EETH
%. GPGPU ## ¥ — 1%, NVIDIA Tesla P100 £721% V100 25 4 25 2 0% 8 EBH T, HHEX L -
AT LIZENFS EFHHWT7Z 72 RA[RETH 2. HERA L —Y T AT 413, HBARL LTH13PBOERRZEL
TW3. BIEX, 72V 74 MRCBOTHNMITRNEL v 77— X OIS, FEEBR7 4 — LV R OIEI NS
Mg F — ZRREL LY VI F—XOBMITTEHLTWS., ZhASDH — AR ML —I ¥ 27 A% 10Gbps D&
Ty MU= THEHERINATWS (KM5.8).
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533 KEBEXF v IUNRICHITBRRIET 1 —IL RE(E

TREVT 4 7urT 4 THIETIE, ©y 2T —XAERO D ORBHMOMZEHELZHEEST 2 L L B2, Zh
5 ORMEM 2 HBIETHALL, ThEHREETIBITEID 5 2 EZHRT 2 2L —DDORZIRIFREL &
ATWS. EDLDDFEIET 4 — P LT, FEEREARZERH, LTEMFRt 77 AFMTY 7, Lkl EXKEH,
B 7oy v FicgEiEE O LRREREHEEHEL TWa. 72, 2021 4 4 AICEYOEIH ¥ v > o8 RICH
WTHFEFET 4 — L FEfZEDTHB D, 2020 FEICITZ DMEfH e UTHEIEERHD A v b7 — 7R R O — 1
DBz D 7.

ITERERE TS AEBIT) PORET =LK

TR Y T o RAEE Y 7 (B - BETY 7) ik, BN GEREZEE) 211 A, BAC5ADRM 6B
EBHAAXS L, Gt 15 80HBE Y (L—F—LrIbrH¥) ZRELTWS. £, AlEE 3R 3/ G
HF% (Raspberry Pi 3) 232N ZHEHMEINTED, 74— FIGAWHE TS 2OMEEITS, WhbWwd Ty
YEa—7 4 YIOFIHERBAREICL TWE. Zho DL, T—X ) 7 1 S AEEMIC 10Gbps O E# e
Aty b7 =7 ERETHERIINTE D, SHREMRT — X DIEENFIREICR > T W 5. EEBH A X 712 & 2 WURETS
ZIELHETE7-XERE, H/REIND 2 HCHLT, MEIBEZTS 2L 0HNSL T -2 EHOFE, By ) 7
BRERTHICERN - BT 2R0END L. 20w, FIAFEBREMOER - AHMEIT5 D0ERELYy T I7ATY 7
JEL 5 DFRCERBLTED, %7, FUVRXAYAZ—V%EL YT 5 RLY 7ORMEN 2 T, BREAIGERIC 1 HPikE
LTWw3 (X5.9).

2020 £ 12 A 5%, ZBHEAI 7o 27 b TA<v— o744 70027 b IZBWT 16 BOEER D X 7 OM%
HSSEERZBHAA L, B 1 [ OMHEE TGRS Z2{To TW\Wb., BYREISFHEERICH 72 > TiE, EBRAEPHYRT — X D
DIV OVWTEBHRASZRM L TAMT 22 b2, TYRLFAL X —J I Ko TEBRAES T — XIE O HIE,
G XN LBBEONE R EERREIETWS (X 5.10).

72, 9BOZXTHEt Yo oS T — X 20 LART —& & LTAMHULS 2 > X7 L DL ED
TW3. ZOYRT A, HlEE 2358 ICERE U7/ NG R CHERE T — X OHUS R E RRER E DU 21TV, Z
NOOHET — 2% 7 =2V 7 4 W AR ISR U 7 RAEY — BT - BT 2/ LT0ns. 20
ABULS R T A DHEEZ TV ZNVY A 3 —ITRT L ZFIHELTED, COXSCHFEINS 7 —&HFEH ST
WEDhEEYTIALY) 7TONHECHBELTH S DKL TETFETH 5.

RISV ROREET 1 —IL FESE

BRI o0 FITBIBHEFERT 1+ — L P, AR—YERACBIT 2ty > 77— 2 oREREON, K
WA EREE TR OW T OMFEHAE N CRAEEREZHEST 2 Z L 2 ERHNE LTWS. MAT, RRKECS
B EREDEER, FESTOMEM MBI ANLEHEZIT-oTVD.
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Geikm - FAELED T2 I BARETH S, ZOHEIAET « —L FEHAWVT, 2020 4F 12 AI2id 78 ZLOHFHE 2 HED
72T v = JWURIE DS E M X LTz,

IS DMGET — X2t Le 7T — XBS - @iz, SR H®R (AR TOER, RERETOEH, &
EHTOEHYE) TRBWEHTE2X51C7%121%, FIHT 25X 70T, BUKEREO T2 Y 2FHE B S5
TRZEENPRETHZ. ZOLIRIBEOFEHEZHIEL, WURFIEH 77 v b7 4 —24 TTOYONAKA CAMERA
STATION| (fRFF) OREEEHEL TWD. DT Ty b7 4 —4lF, 2—F 7N —TFRlA DI —F XT3 H X
FHAMRORES, 2= DI XT 7Yty bPE, I X FFIHTHCMGERE T, SREXn7-MEOME -
EHEOKEZIRMET 2 2HBELTEBY, BRSS9 FOFEIET7 4 — L R LTORERZHEL T FET
Hb.

BEE#FF v NIADOERET 1 — )L FEfE

FHF v > %R JHEPEFFLHESRMD) 532021 £ 4 ¥ T2 1CH720, PLEOHUE - AEXEZZILD LTS
IoT ZEH L2EBRAGFTE XN TWS. ZDXIBREBRCBIT 27— RINERCT — REMEH O L 72 2 7D
WEITo7=. BAKIICIE, M 600IB DBEEEXZETEZ2A ML —IH =N, CPUH—N2E, X274 2HERT S
BDDT 7 AT —NVEBEEMLZ. AL =YV =N, BEEFIF vV RRATIT D PEOSHEDFEIF KR TIE X
N2 7 —XOEBIERFRETH 5. CPU ¥ — \IFEERRGEE AN 2 W/ BB B Y 27 A TOFHEZ FEL TV

534 &HOHIC

AT, =XV T 4 HEAEBRRE L A7 1+ — L FOBFEZOWTHEN L. ZhsoHE I TTIcVnL D
DPOEBEIAZE I n Y = 7 P TIEH I TWED, X512 D7rY 22 b TIHHALCIHEL 7200 HAaZED
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In machine translation (MT), the translation knowledge is acquired from parallel corpora (sentence-aligned
bilingual texts). However, domain specific parallel corpora are usually scarce or nonexistent in most
languages, and thus MT performs poorly in such scenarios. We aim to address this problem based on
the state-of-the-art neural MT. Our core idea is extracting parallel data from multimodal data consisting
of images and multilingual describing text, which is widely available from the web and social media and

studying NMT using the extracted parallel data.
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the 6th Workshop on Noisy User-generated Text (W-NUT), pp. 428-433, (2020.11).
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e Scattering Parameters Estimation for Translucent Material
Translucent material is popular for human life, which can be the tissue of human organism, plants, or
material that is used to make up our tools, equipment. Understanding the translucent material visually
under lighting condition can help us manufacture the material or understand its physical conditions, quality,
and characteristics. The research can be employed in various of applications for medical, aesthetics, product
control.
In our current approach, we study the problem in simulation which emulates the photon transportation
inside the material using Monte Carlo simulation method. We employ a differentiable computer-graphic
render to estimate the scattering parameters of the material. Initial results showed that we can robustly
estimate the parameters under the laboratory condition. Our next stage is to apply the method for real-
world situation.

e Visual Privacy Preserving Lensless Imaging
Visual privacy is emerging concern recently. In this project, we design a visual privacy preserving camera via
a lensless imaging system. Detection followed by protection in conventional privacy cameras is vulnerable
to software attacks that threaten to expose image sensor data. My task is to setup and conduct the
experiments to evaluate the proposed method.

o 3D Reconstruction with Polarization and Shading
In this project, we extend a previously published conference paper. We conducted more experiments
with different cameras and real-world objects and compared with their ground-truth geometries to further

evaluate the proposed method. A journal paper was submitted and we have to revised it three times.

(#&EEE]

e Co-supervising a bachelor student with Prof. Hajime Nagahara.

(#H2E#]

e Reviewer for conferences: CVPR-2021, ICPR-2020, AAAI-2021, RIVF-2021, MVPR-2021, ABC-2020
e Reviewer for journals: International Journal of Computer Vision; Pattern Recognition; Pattern Recognition
Letters; Sensors; Expert Systems with Applications; IEEE Transactions on Biometrics, Behavior, and

Identity Science; Transactions on Information Forensics & Security; Informatica; Optical Review.

(FARFERU X L]
METERX

[1] Md Atiqur Rahman Ahad, Trung Thanh Ngo, Anindya Das Antar, Masud Ahmed, Tahera Hossain, Daigo

Muramatsu, Yasushi Makihara, Sozo Inoue, Yasushi Yagi, Wearable Sensor-Based Gait Analysis for Age and
Gender Estimation, MDPI Sensors, 20(8), 2424 (2020)
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[1] Aizawa Y, Nagami F, Ohashi N, Kato K. A proposal on the first Japanese practical guidance for the return

of individual genomic results in research settings. Journal of human genetics 65(3) 251 — 261, 2020
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[1] Yamasaki C, Ohashi N, Thorogoodand A, Joly Y, Kato K. A Study on Data Sharing Policies of Human
Gene/Variation/Phenotype Databases. HARNFBRFERE 65 [FIR, 2020
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HMeeBmEBEA SEAFEE (BH)  Manisha Verma

(ERZEEEN]

e Facial behavior analysis for education
This work aims to improve e-learning by using facial behavior analysis. While taking online courses or
online exams using a laptop, a webcam is used to record student’s facial activities and this data is used
to compute the efficiency of subject by performing a test of memory recall. Along with RGB videos, eye
trajectory data and normal maps computed using a photometric stereo are used for evaluation. In future,
same target of learning efficiency computation will be investigated using subjective labels obtained via
multiple human annotators.

e Medical Imaging
This work targets solution for retina disease diagnosis using deep learning. Artery hardening which is
observed on crossing of artery and vein can cause many diseases and a solution is targeted in this work to
measure the severity of the hardening.

e Action recognition
This research work focuses on action recognition in videos using 3D convolutional networks. Non-learnable
filters based on short-term Fourier transform are proposed in combination of point wise convolutions in

this work.

(FIR - ERHAITOD I K]

e Society 5.0
e AT Hospital

(BEES]

e Guided an intern student on eye-tracking based engagement prediction.

(HEE#]

e Jornal reviewer: MDPI Mathematics, MDPI Sensors, MDPI Applied Sciences, Journal of Visual Commu-
nication and Image Representation Elsevier.
e Conference reviewer: CVIP 2020, CVPR 2021, AAAT 2021.

(HARERU X H]
HMEEEER X

[1] Sudhakar Kumawat, Manisha Verma, Yuta Nakashima, Shanmuganathan Raman, “Depthwise Spatio-
Temporal STFT Convolutional Neural Networks for Human Action Recognition”, TEEE TPAMI, 2021.



559 Hf HEHE WSS

[1] Bowen Wang, Liangzhi Li, Manisha Verma, Yuta Nakashima, Ryo Kawasaki, Hajime Nagahara, “Match
Them Up: Visually Explainable Few-shot Image Classification”, In CVPR Workshop 2021.
[2] Manisha Verma, Sudhakar Kumawat, Yuta Nakashima, Shanmuganathan Raman, “Yoga-82: a new dataset

for fine-grained classification of human poses”, In Proceedings of CVPR Workshop, 2020.
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FMEeBHmERLF HEAEE (B¥)  Noa Garcia

(ERZEEEN]

e Visual Question Answering
This research studies techniques to understand the content of images and videos and perform human-like
reasoning when answering questions about them. 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.

(R - ERZHAIT7OD T K]

e Buddha statues recognition

(S EREREEE TN

o FY2020-2021, HFWH%E, “Understanding Concrete and Abstract Representations in Art”, (f{3) Principal

Investigator

(#=E#]

e Conference Reviewer: ACMMM 2020, ECCV2020, WACV 2021, AAAT 2021, CVPR 2021

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

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

(FAERFRU R L]
MEEEERSL

[1] 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.

[2] Wenjian Dong, Mayu Otani, Noa Garcia, Yuta Nakashima, Chenhui Chu. Cross-Lingual Visual Grounding.
In: IEEE Access (IEEE), 349 - 358, December 2020.
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[3] Noa Garcia, Benjamin Renoust and Yuta Nakashima. ContextNet: Representation and Exploration for Paint-
ing Classification and Re-trieval in Context. In: International Journal of Multimedia Information Retrieval
(Springer), pp. 17-30, 2020.

[1] 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.

[2] 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.

[3] Noa Garcia and Yuta Nakashima. Knowledge-Based Video Question Answering with Unsupervised Scene
Descriptions. In: European Conference on Computer Vision (ECCV), Online, pp 581-598, 2020.

[4] Nikolai Huckle, Noa Garcia, Yuta Nakashima. Demographic Influences on Contemporary Art with Unsuper-
vised Style Embeddings. In: 5th Workshop on Computer Vision for Art Analysis, 2020.

[5] Noa Garcia, Chentao Ye, Zihua Liu, Qingtao Hu, Mayu Otani, Chenhui Chu, Yuta Nakashima and Teruko
Mitamura. A Dataset and Baselines for Visual Question Answering on Art. In: 5th Workshop on Computer
Vision for Art Analysis, 2020.

[6] Noa Garcia, Mayu Otani, Chenhui Chu and Yuta Nakashima. Knowledge-Based Visual Question Answering
in Videos. In: Women in Computer Vision Workshop, 2020.

[7] Noa Garcia, Mayu Otani, Chenhui Chu, Yuta Nakashima. KnowIT VQA: Answering Knowledge-Based
Questions about Videos. In Proceedings of Thirty-Fourth AAAT Conference on Artificial Intelligence (AAAT),
2020.

[8] Zekun Yang, Noa Garcia, Chenhui Chu, Mayu Otani, Yuta Nakashima, Haruo Takemura. BERT representa-
tions for Video Question Answering. In Proceedings of IEEE Winter Conference on Applications of Computer
Vision (WACV), 2020.

ZDfth

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

[2] Invited talk at Carnegie Mellon University. Vision and Language Challenges. February 2020, Pittsburgh,
USA.

[3] Outstanding reviewer CVPR 2021.
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FMEeBERERLFT HEAEE (BH) L Liangzhi

(ERZEEEN]

o Vessel Segmentation (CB89 2 3%
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 (B89 33
Artery/vein classification is an important procedure for the diagnosis of many retinal diseases. We em-
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.

e Crossing Detection & Artery Level Prediction B9 3 Hf3E
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 is presented at ARVO 2020.

e Semantic Segmentation |CBI 3 3%
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 is
published in the IEEE Access journal.

e Explainable Artificial Intelligence (XAl) ICB89 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.” 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
submitted to ICCV 2021.

e Explainable Few-shot Learning |ZBI 9 3 f3%
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 will be presented at CVPRW 2021.
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(FR - ERZHAIT7OD T K]

e Al Hospital Project

(S ERERAEEE TN

o PI WZEIEEN R & — b 3Z#% 2020-2021 Removing the Burden of Data Labeling: Automatic Surgical Video
Understanding with Unsupervised Learning
o PI % FWFSL 2021-2022 Explainable Artificial Intelligence for Medical Applications

(&EES]

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.

(#H2E#]

- Journal Reviewer

o IEEE Transactions on Industrial Electronics

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

o [EEE Network Magazine

o [EEE Communications Letters

e Cyber-Physical Systems (Taylor & Francis)

e Industrial Robot (Emerald)

e Sustainable Computing: Informatics and Systems (Elsevier)
- Conference Organizer (Technical Program Member)

e IEEE Global Communications Conference (GLOBECOM), 2020.

e IEEE International Conference on Communications (ICC), 2020.
- Conference Reviewer

e IEEE/CVF International Conference on Computer Vision (ICCV), 2021.

e IEEE/CVF Computer Vision and Pattern Recognition (CVPR), 2021.

e European Conference on Computer Vision (ECCV), 2020.

e IEEE Winter Conference on Applications of Computer Vision (WACV), 2020
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[1] Bowen Wang, Liangzhi Li, Yuta Nakashima, Ryo Kawasaki, Hajime Nagahara, Yasushi Yagi, “Noisy-LSTM:

1]

Improving Temporal Awareness for Video Semantic Segmentation”, in IEEE Access, vol. 9, pp. 46810-46820,
2021.

Liangzhi Li, Manisha Verma, Yuta Nakashima, Hajime Nagahara, Ryo Kawasaki, “IterNet: Retinal Image
Segmentation Utilizing Structural Redundancy in Vessel Networks”, In Proceedings of IEEE Winter Confer-
ence on Applications of Computer Vision (WACV), 2020.

Liangzhi Li, Manisha Verma, Yuta Nakashima, Ryo Kawasaki, Hajime Nagahara, “Joint Learning of Vessel
Segmentation and Artery/Vein Classification with Post-processing”, In Proceedings of Medical Imaging with
Deep Learning (MIDL), 2020.

Ryo Kawasaki, Liangzhi Li, Yuta Nakashima, Hajime Nagahara, Takayoshi Ohkubo, “A Fully Automated
Grading for Retinal Arteriovenous Crossing Signs Using Deep Neural Network Models”, In Proceedings of
Association for Research in Vision and Ophthalmology (ARVO) Annual Meeting, 2020.

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.

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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HMeeBmEBEA SEAFEE (BH)  Sudhakar Kumawat

(ERFREEN]

e Privacy Preserving Action Recognition
Nowadays cameras are playing an important role in our daily lives whether it is for surveillance, monitoring,
or assisted living. Such a large-scale prevalence of smart cameras has given rise to the privacy debate, since
in most cases the visual data captured by the camera device is uploaded to the cloud servers for further
analysis and processing. In this project our aim is to develop computational cameras that capture subject
information that is relevant for the task only and discard all other information that may contain privacy
related information of the subject.

e Resource Efficient Video Understanding
This research work focuses on developing resource efficient alternatives to existing primitives in 3D Convolu-
tional Neural Network (CNNs) for the task of action recognition in videos. For efficient action recognition,
a 3D CNN model must capture spatial and temporal features in videos with high accuracy and at low
computational and memory costs. In order to achieve this, we propose to use various combinations of
non-trainable filters that are based on Short Term Fourier Transform (STFT) and trainable convolutional

layers for efficiently capturing the spatial and temporal information in videos using 3D CNNs.

(3% - ERHAIT7OD T K]

e Privacy Preserving Action Recognition

(€ E=3=19)

e Jornal reviewer: Journal of Visual Communication and Image Representation Elsevier.
e Conference reviewer: ECCV 2020, AAAI 2021, WACV 2021, ICCV 2021.

(RS R +]

X

[1] Sudhakar Kumawat, Manisha Verma, Yuta Nakashima, Shanmuganathan Raman, “Depthwise Spatio-

Temporal STFT Convolutional Neural Networks for Human Action Recognition”, IEEE Transactions on
Pattern Analysis and Machine Intelligence (TPAMI), 2021.

[1] Sudhakar Kumawat and Shanmuganathan Raman, “Depthwise-STFT based separable convolutional neural

networks”, In Proceedings of IEEE International Conference on Acoustics, Speech and Signal Processing
(ICASSP), 2020.

[2] Manisha Verma, Sudhakar Kumawat, Yuta Nakashima, Shanmuganathan Raman, “Yoga-82: a new dataset
for fine-grained classification of human poses”, In Proceedings of IEEE/CVF CVPR Workshop On Towards
Human-Centric Image/Video Synthesis and the 4th Look-Into-Person Challenge, 2020.
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FMeeBEHmRERLF HEAEE (B¥)  Qian Yiming

(ERZEEEN]

o Buddha Face Analysis |CB89 3 5/3%
Developing a machine learning technology to identify the type, built year, material, and height from
buddha face images. This technology would contribute to the culture education which helps students or
researchers study the historical transition in the Buddha construction. The challenge of this project came
from the imbalance data and missing label in the dataset which introduce bias and negatively impact on
the classification results. We are developing a multi-task learning algorithm that utilize all the feature
input to handle the missing label problem. Resampling and data augmentation algorithms was applied to
mitigate impact from imbalance data.

e UKBioBank Retinal Eye Image Analysis (2B 2 3%
Developing a machine learning algorithm to estimate the cardiovascular risk given only eye image. It is
a quick, non-invasive diagnose tool to help patients monitor their health conditions. In this project, two
machine learning model were developed. One taking the retinal eye image and estimate human identify such
as age, smoke status, gender, body mass index(BMI), systolic blood pressure(SBP), diastolic blood pressure
(DBP),HbAlc, HDL cholesterol, LDL cholesterol, triglycerides. The other model took the estimated feature
to estimate the major cardiovascular event(MACE) in 5-year time frame.

e Microsoft Azure Kinect Data Collection Software |ICE89 23T
Developing a software that collect RGB image, depth image, IR map, from a Microsoft Azure kinetic sensor.
Such information were collected and supplied to a skeleton estimation algorithm to trace the movement of
human body. Such human body movement information could be used to evaluate human motor functions

and provide early warning on many diseases.

(FR - ERHAIT7OD I K]

e Al Hospital Project

(#EEE]

e Provide guidance to a PhD student on research on Buddha face project.

(#E&E#]

e Conference Paper Reviewer: International Conference on Computer Vision
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(S ERRAEEE TN

o 2020-2021 RS, EINTHFEBIRIE RIS B FHIE, “EENAL A F 7P 2y b7 — 2 ORGSR,
(R M5

(#=F#]

o EF¥&F BICT 2021 12T TPC chair Z#% 2%

o EEEH BICT 2020 2T Workshop chair ##5® 7z

o HERHMm X DEH JEEE GLOBECOM / ACM NanoCom / EAI BICT R &) , ¥ v —F L@ DHE
#t (Transactions on Mobile Computing / IEEE Transactions on Molecular, Biological, and Multi-Scale

Communications / IEEE Transactions on NanoBiosciences 7% &)

(FARFERU X L]
HMEEEERX

[1] Y. Okaie and T. Nakano, “Mobile Molecular Communication Through Multiple Measurements of the Con-
centration of Molecules,” IEEE Access, 2020.

[1] T. Nakano, Y. Okaie, N. Dietis, and A. Odysseos, “Growing Bio-nanomachine Networks: Application to Ma-
lignant Tumor Evolution and Progression,” In Proceedings of 2020 IEEE Global Communications Conference
(GLOBECOM 2020), 6 pages, 2020 (Best Paper Award).

[2] Y. Okaie and T. Nakano, “Binary Concentration Shift Keying with Multiple Measurements of Molecule
Concentration in Mobile Molecular Communication,” In Proceedings of 12th EAI International Conference
on Bio-inspired Information and Communications Technologies (BICT 2020), 10 pages, 2020.

[3] K. Yonekura, T. Nakano, Y. Okaie, T. Hara, and K. Harumoto, “Network formation model of bio-
nanomachines based on directed migration and adhesion,” In Proceedings of IEEE Wireless Communications
and Networking Conference (WCNC 2020), 6 pages, 2020.
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