FREIEAY
709 U MRASEHR

2019






FEIFEXE
JAT Y FREER

201 9&E







E /1’ 2019 FFETEXZWBEHAZF 702120 MIRKFHR

(intAREET OO Y FBIEE (1))

ZEERDEAEE L2 TN NTOEE RS AT DT K D KRR AR PE SRR e 1
BEEKOLFRNRBEIRE O L | Tz MW T2 BEMEREEE OB Kerr Z05R LI B 3
~ U AR ASAL 2 A L 7o ARl o A LA v b O eEERI T HE HAL 5
77T == ANOHI = X 2 =T ¢ EE N R E O DB R R 5 TN GURE AR 7

HHAETATENC RIE S8 (A 2 v hiih)

RETEC L DI A T NV EEfRE OE H Rl R 9

(intAREET OO =/ FBIEE (D))

F 7 and MEREHEC L DERE — F AT Ly X ORI B MR 11
RARMRA BRI D FHE R LD 720 ORI RNL R T HEICBT D SR T 7 S 13
TN LR 31T 2 BBREANT « FRE DR/ SHR A4 D058 W OB 15
IKHBREE T O L KRBV EIINE RENWEZ FFELC & 220 2 ki Ofess & A B R 17
H 5B AERESR Cdb 2 BARRR. CCRC oD 4[EHhia] e R e 19
ANl R Ar =R LD NBMEE T —T ¢ MR OB O E S OFAE KB Ed e 21
ISMS DI 5 =2 2 Fh=AbI B9 2 ff i KE e 23

* EIRFARELE T OO o FEIRE (1) (32 FRAOHRRE, HRERE 2020 £E(Z4 D,

(R ERREBI R E]

Robust Controller Bode (RCBode) plot |2k Yk E &iiz H, HIfHERIC L2 HDD o Byl & -0 25
i~ > RALIE R D 4

HRBE— RO A IR & L7 i AR RIS SN D WBIARAT ~ DO BT 72 72 BB K HOHE 27
JAWE 7 BT TV IR & D SR AKEE T e 99
W, WEERT~A 2 0T T AF o 7 SR L BRI X BRI T A B 31
SEREEE A B E LI E r Ry S OB ER R e 33
ORI T 2 T SRR v N ORHEE S B OFHIEEA # = RAADER  E EH e 35
RAKEHNBIT D EAMEE T O DDA R — 2 ZF T AT A [P ST S A 37

PRy b T —7 A F X7 AOEHEMEITE B Liciiis - 7Y A <~ —RERRGEOT  13)1 A e 39



E /x 2019 EFFEIRAZWBHZ 702120 MIZFH

B REATE L Bz - FEIR AT DN DO~y F o 77Ty N7+ —LOBR% BIFE KfE- 41
B ERERT B~ OB TR SR B D05 AN T R 43

~CNN/HEVC 7' v v 7 il 5w 7 b— AT~

CoIE RIS B LI JED) b L— =0 NS & D EGEAERSREN LD A = X ORI JIVE iy 45
TEB) S E SR O RIS E EER R R X E RS D 0 2 e Feeeeee e 47

(RZPHAREBRER]

YR RS BRI /N A A B — AN o B % TEHP H O e 49
PR R B B AT DD DD B~V TF 7T N T+ — LT —FT 7 F ¥ O bk W 51
RN S—T7 ¢ REBEG R O—EICHE S X 2 T 722 ToT ET NVO#E BEM O Mo 53

(RIS BB R EZE — B ;



(Sesmtt et n ¥ = 7 FBiRRk& (1) )




WZEIEE SREHEE T O T4 FBIEE ()
HZTEARE 2018615 ~ 2019331
WZERRER (R0

ERRER GO

ZESTNANE L ERVATRER D AT LICK HKRER

Hydrogen evolution of the artificial photosynthesis system

using a multi—junction photocatalytic cell
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layers evaluated using the apparatus

wEE - "I BF FEIERF
YASUKAWA Yukiko T*PEf BREFIFR AR

BIL ., 5 DA Kerr [FHRA TR T2 FEEE 52
1. ZLwiz VIAATND, PCHIEIF Y 7 N = 7121 LabVIEW %
FAN=,

RN L1 LR OMESER TH Y L < A
DEkA IS ST D, — 7, AR EER
L LTV OFENFERIC R E - TRY  Fox 13
LA FIA Lgidie ARl oBER & B i
LT %, TR AT LT o 38l &k
0 PO AR S H U Ce s R
RN C B,

2. MEONRE

(1) BEROCFANFHIELE OIS
UAFFEEE TIREFTEIR, R B AR Y ) 3 2 A3 AT RE
R~ R L RSy B L R R R BB

1 IR TS L TR Kerr SRR

AHLTRY, ZNEFIF L ChatEREETs Lo/ ik (2) HEEE L7 A2 H O 7 B R B oo 3 A
ROREVEAERLL CTD, 7R L7 B o BA 72 HEGE L7 Kerr ZASRIEREE 4 IV T Fox 8RR
TS MEHIELEE L A L CWND, BRI AHIE VERLL 7= FeCo-AlLO; (50 nm) / Pd (2 nm) / FeCo-ALO; (50
T 572 ODER Kerr hAAIELEE JIEIEE DB nm)/Pd (10nm)/ A7 AHMGREIORER Kerr ZIARDINE
LThY, ZhE 3EREED ZEEIC & ko WEMRAEE A 210, 2 K0, FIMmEREE s &
WO PN RAIE STV TV, LEEIOWER Kerr [EHAAZ VORI A GRS 5 2 &8
L LAJFEDHERR A, BT TR Kerr ZUASHIE T&7, F72K 2755 FeCo-ALO; (50 nm) / Pd (2 nm) /
WEZPBETHZ EBRAIR E7poT, & 2 CHLEIE FeCo-ALO; (50 nm) / Pd (10 nm) / 7' AHERRERENIFMER
FOWHIIEANE | YT RER Kerr ZhRIELES 4% BEROIREEIC X > TSR Kerr MR LD 2 &8
FLTo, B ITHEEE L7 Kerr 2B E A7~ T, BBNE IR o7,

1S3 TUZRU S, o IR—F B e A-D = [FHEIZIX 3 1213 Pd (5.3 nm) / ZnO (90 nm) / FeCo-ALO; (50
=S B IHAFITER T D, IR 660nm, Hi nm) / Pd (2 nm) / FeCo-ALO; (50 nm) / Pd (10 nm) / 777 A
7151 mW DY 7N Ry MEEO L—F a2 AR E FMEEIOANRES & Ker A 27U 2 AR
L. ZOL—aslBl 45, oM HR"—T78 %7559, FeCo-AlLO; (50 nm) / Pd (2 nm) / FeCo-ALO; (50
PRI I o CRBI~OEINEE O] ) 5 % & whe L nm)/Pd (10nm)/ 77 ZAHMGEELE Pd (5.3 nm) / ZnO (90
L7z, ZOHVIMEEIZH I HII AN A4 3 nm) / FeCo-ALO; (50 nm) / Pd (2 nm) / FeCo-AlLO5 (50 nm) /
%o TE THIMBEGOMMEN P Cdh D, S HITRERT Pd(10nm)/ H'T A SAGEREFCIL, AN e fifEtdit 155
KT D NFIED N A A TE D LS LTz, PC LU, B HJEE Pd (5.3 nm) / ZnO (90 nm) DA HEAN L7
IZE Y Z OV AT AOHINELETS 7240 B EINRGE % %, ZOERNIEEIC e AT A HROFER L 72 5T

2019 TEETHERFMIBIFIICAT 70y =7 MIFJEEHR 3 Project Report of Research Institute of C.I.T 2019



BHEN TS, ZOZ ENnb Y, SERER LT2EED
TR EZ SR TIRGRIET D 2 S T& T2,
! :

T

—— .
L—5HDASIE : asE

BT R EE (%)
=

L T T T
BITV]
[X]2  FeCo-ALO; (50 nm)/Pd (2 nm)/ FeCo-ALO; (50 nm)
/Pd(10nm)/ 7 AHHGEREIOME Kerr [HHsA DOINHGSE
ST

20~ G3nm L
@ 50nm g
0 Znm)——
@ 50nm . Fel
;‘E RE |
20
L—S KOG« a4
. I . I
-0.2 -0.1 0.1 0.2

EIEV]

3 Pd(53nm)/ZnO (90 nm)/FeCo-ALO; (50 nm)/Pd
(2nm)/FeCo-ALOs (50 nm)/Pd (10nm)/ H'F KGR
DIER Kerr [FHAA ORI

3. F&

ARFZECIIREEEFNIN ST U 7=t o 4Bk
Bt HEE L. 85 Kerr SHRSEEAHEEE LT, KK -
SR FCZ O A AV TRV S ORI Kerr
Al 2 HE Lz, O E Pd (53 nm)/ZnO (90
nm)/FeCo-ALO; (50 nm)/Pd (2 nm)FeCo-ALO; (50 nmyPd
(10 nm)/ A7 AEMAEEI I T, SRR
25%I\ T ST & A U UTe, B2 I 3 Kerr [B]
A TS 35, o T ZORBHIE k& 2k
Kerr [Fii=f 2 IR C& 2, -kl 2E—IC
& DGR A bEROZER ORI bR LT,

2019 FEETERZMBUIEAT 7oy =7 MIFJE4H

4

Project Report of Research Institute of C.I.T 2019



WiEIEE - SEIEEHBE Oy MEIRE (O)
BeER @ 2018615 ~ 20181031

FRER G0 - YOREEMREEFIA LB G RS AT LA L S OEEEREET

MFEEER (3 : Comprehensive analysis of cis—elements for controlling gene expression by mating
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Nationwide trend of Japan version CCRC which is a regional wound creation policy
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Development of photocross!inkable coating material prepared from chalcone and trehalose
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Magnetic-head positioning control of HDDs with improved H. controller

by Robust Control ler Bode (RCBode) plot
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ATSUMI  Takenor i

1. Introduction

In the 21st century, technologies for data-storage fields are
important factors for Internet services, cloud computing, Big
Data analytics, and social networking. In the data storage
systems, the most widely used device is a hard disk drive
(HDD), and positioning accuracy of magnetic heads in
HDDs must be improved to meet increasing demands for

larger storage capacity. To do so, a magnetic-head

This means that the loop-shaping design with the RCBode
plot requires an initial robust controller, and it is not clear that
how to remove a conservativeness in the initial controller for
the RCBode plot.

In this study, to overcome the above-mentioned problem,
we propose a design method of a robust controller based on
the He control theory and the RCBode plot for the
magnetic-head positioning system in HDDs.

positioning system has to compensate for disturbances in the
positioning system against plant perturbations. It is known as
the robust control problem.

2. Magnetic-head positioning system in HDDs

Fig. 1 shows a picture of an HDD without a top cover. The
To design the controller for mechatronic systems, we can HDD is comprised of disks, a spindle motor, magnetic heads,
and a voice coil motor (VCM). In the magnetic-head
positioning control systems of the HDD, the control input is an
input command value to a VCM driver, and the observed
output is the magnetic-head position. Fig. 2 shows the

frequency responses of the controlled object Pr (the real plant).

employ notch filters which are designed independently from
amain controller. In this method, design results of the depth
or width of notch filters depend on the designer’s
experiences strongly. This means that performances of the
control system also depend on the designer's experiences
strongly.

To design the robust controller systematically, the Heo

Spindle motor - Disk

control theory is widely used because the small gain
theorem makes the robust stability problem easy to handle.
However, the Heo control theory doesn't handle robust T
performance problem. As a result, the designed H o

controllers may not keep nominal control performances Voice coil motor (VCM)

against plant perturbations. Fig.1 Primary components of HDD.
On the other hands, a loop-shaping methodology called 80
“Robust Controller Bode (RCBode) plot" is developed for % 28
the robust control design. The RCBode plot represents o0
robust performance criteria as allowable and forbidden areas ~ ot - 3 ‘ ;
107 107 10

on Bode diagrams for a controller. Using the RCBode plot, Frequency [Hz]

we can improve an existing controller with visualized

— 0 NN
on
guidelines in order to keep control performances against %J 90 ¢
. . . o -180 T
plant perturbations. Moreover, we can easily consider the 2 270t W
effects of structured uncertainties in control objects without £ 360 - - .
107 107 10

i licated generalized plants.
using comp gen pan Frequency [Hz]
However, we cannot design an initial controller by using
the RCBode plot because it is a loop-shaping technique. Fig.2  Frequency responses of real plant P,.
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3. Control system design

Fig. 3 shows the RCBode plot with the initial He controller
as an original controller. In the RCBode plot, blue lines show
the frequency responses of a controller, gray areas show the
forbidden regions that indicate frequencies at which the
controller does not meet specific robust performance criteria.
From this figure, we can see that the original controller has the
excessive conservativeness around 4 kHz because the
frequency response of the controller is away from the forbidden
regions around 4 kHz. Moreover, the original controller does
not meet the does not meet specific robust performance criteria
at 120 Hz, 240 Hz, 360 Hz, around 1 kHz, and above 5 kHz.

In the next step, we iteratively design a modified controller so
that the frequency response of the modified controller satisfies
the robust performance criterion on the RCBode plot. To do so,
we have to modify the notch filters above 2 kHz. This figure
also showed that we have to add some loop shaping filters
below 2 kHz. Fig. 4 shows the RCBode plot with the modified
controller based on the initial He controller. This figure
indicates the modified controller satisfies the robust
performance criterion. Fig. 5 shows the comparison results of
frequency responses between the original controller and the
modified controller.

4. Performance evaluation

In this section, we compare the control performance between
the original He. controller and the modified controller by using
RCBode plot. Fig. 6 shows the amplitude spectrum of position
error signals of the magnetic-head positioning system. Table 1
lists Heo norm of the sensitivity functions, and the positioning
accuracies (three standard deviations of position error signals)
for the original controller and the modified controller. From
these results, we can see that the proposed method enables us to
improve the positioning accuracy by about 15% from that with
the original controller without losing stability margins.

Table 1.  Characteristics of control systems.
Original Modified
Positioning accuracy [% of Track pitch] 11.6 9.8
max S|l [dB] 194 109

5. Conclusion

In this paper, we propose a design method of a robust
controller for the magnetic-head positioning system in HDDs
based on the Heo control theory and the RCBode plot. In the
proposed method, we employ a loop-shaping methodology
called "RCBode plot" that enables us to handle the robust
performance problems with graphical guidelines. Simulation
results showed that using the proposed method can improve the
positioning accuracy by about 15%.
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26

Phase [deg.]

20 /
40
-60 AR
10° 10° 107
Frequency [Hz]
180 T

©
S o

180

Frequency [Hz]
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A Study on Image Coding using Machine Learning

- Bidirectional Interframe Prediction Method based on Block Adaptive CNN/HEVC —

E NG HB%E FEIZEKF
YASHIMA Yoshiyuki TEERRIERR ERR Y FO—UFER HdR
1. Introduction and B are blocks of the previous and future frame that

Recently, video traffic on the Internet continues to
increase due to higher definition of images and
popularization of SNS, and a lot of video compression
technologies that have compression performance beyond
that of HEVC are being studied. One of those approaches
is to apply machine learning to video coding [1][2]. The
authors have examined the method of applying CNN to
bidirectional interframe prediction [2]. However, the
method has a problem that the prediction efficiency for
videos with large motion becomes worse than the normal
HEVC prediction efficiency. In this paper, we introduce a
method to adaptively switch the CNN-based and the
HEVC-based bidirectional interframe prediction block by
block.

2. CNN-based interframe prediction
In this section, we review our previous work [2], the

deep CNN based interframe prediction method, briefly. Fig.
1 shows the configuration of this method. Let us consider
predicting the intermediate frame [ (target frame to be
predicted) by using its previous frame F and the future
frame G. In the normal motion compensation prediction,
the encoder searches blocks similar to the current block in
the target frame from the previous and future frames, and
transmits the motion vectors to the decoder, and the decoder
generates predicted values based on the motion vectors. We
train the geometric transformation matrices instead of
motion vectors. Now, let B; be a N; X N, predicted
block for a block B; in the intermedeate frame. In this
study, B; is generated by using transformation matrices
M;,M,, M;, M, estimated by CNN, according to

B, = M, (B — uU)M, )

+M;(Bg — pU)M, + U,
where U is a matrix where all elements are equal to one,
and p isthe average of the pixel values in the block. Bg

are spatially co-located of B;, respectively. Four matrices
are estimated by CNN. The block size of CNN input and
the size of four output matrices are N; X N;. The loss
function when training is defined for N, X N,.The N X
N Dblock at the center of N; X N; block is extracted as
the predicted values when encoding. The advantage of this
method is that parallel movement and scaling of arbitrary
precision can be represented by using a simple matrix.
Furthermore, a simple blur compensation can be performed
since one-dimensional convolution operation can be
represented by using a matrix. In this way, by changing
coefficients of the transformation matrix, any combinations
of parallel translation and scaling with arbitrary accuracy
are represented by one simple matrix.

3. CNN/HEVC adaptive prediction

The conventional method can provide higher prediction
performance than HEVC for video sequences with
complicated small motion, because the method can realize
the compensation by any combination of arbitrary accuracy
parallel movement, scaling and blur change. However,
there is a problem that the prediction error for the frames
with large motion becomes larger in comparison with the
normal HEVC prediction. In order to solve this problem,
we propose a block adaptive prediction that can switch

Target block
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Fig.1 Bidirectional interframe prediction by transformation matrices.
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between CNN-based prediction and HEVC-based
prediction based on the mean absolute difference (MAD).

The prediction configuration is shown in Fig. 2. The
specific adaptation procedure is described below. A block
By of the previous frame and a block Bg of the
succeeding frame which are spatially co-located with the
target block B; to be coded are input to the CNN, which
is designed in advance, and four geometric transformation
matrices are estimated. Using the obtained geometric
transformation matrices, the temporally previous and future
blocks are deformed based on equation (1), and these are
set as the predicted values B. Simultaneously, 35 kinds of
intra prediction defined by HEVC and motion
compensated interframe prediction using previous and
future frames are performed on the block to be encoded,
and a prediction value with the smallest prediction error
among them is set as By . The switching between
prediction of B¢ and By is performed for each block
according to the following equation,

(e B =Bl

By, else

where L;-norm of the prediction error is calculated for
N X N region at the center of N; X N; block.

4. Experimental results

Simulation experiments were conducted to verify the
effectiveness of the proposed method. In this study, ResNet
[3] consisting of 25 layers is utilized. The loss function is
defined as the mean absolute difference (MAD) between
the N, X N, (N, < N;) region in the center of B; and
the corresponding region in the ground truth block By. In
the input layer and all hidden layers of the CNN, rectified
linear unit (ReLLU) activation and batch normalization are
performed. The window size of all convolutional filters is 3
x 3. We use the adaptive moment estimation (Adam) to
optimize all network parameters. We use ITE/ARIB
HDTYV Test Materials Second Edition [4] for experiments.
More than 5 million blocks extracted from twenty video
sequences are used as the inputs for CNN learning. Five
video sequences, “Cosmos flower”, “Sunlight through
leaves”, “Drama set (day)”, “Basket ball”, and “Horse
racing (dirt)”, other than the training set are used as the test
set.

Fig. 3 shows MAD comparison among CNN-based
prediction, HEVC-based prediction and CNN/HEVC-
adaptive prediction for the sequence ‘“Whale show”.
Vertical axis is MAD between the predicted frame and
ground truth frame, while the horizontal axis is frame
number. Table 1 summarizes the relationship between the
occurred bits (bit/pixel) and PSNR (dB) of decoded
sequence for various quantization parameter (QP), and BD-
bitrate[S] for total frames in case of N = 16,N; =
48, N, = 32. You can see how drastically the proposed
method can decrease BD-rate for all test images in
comparison with HEVC-based method.

5. Conclusions
In this study, we propose a new method to represent the
local movement of the image by estimating the geometric
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Table 1. Coding performance
Test HEVC Proposed BD
. QP | Bit Bit- rate
1mage rate PSNR rate PSNR (%)
22 1620 | 410 1476 | 410
Cosmos | 27 1185 | 363 1065 | 364 14,04
flowers | 32 0811 | 318 0704 | 321 :
37 0505 | 277 0404 | 282
A 22 1630 | 413 1556 | 414
Snlght | 97 1138 | 369 1064 | 371 | o 5
o™ | 32 0749 | 327 0683 | 330 '
37 0466 | 289 0410 | 294
D 22 0525 | 430 0399 | 438
Yama | o7 0244 | 403 0.189 | 412

set -35.32

@y | 32 0132 317 0105 | 385

37 0084 | 350 0068 | 358

22 0740 | 425 0658 | 429
Basket | 27 0417 | 391 0365 | 396 | 0o
ball | 32 0242 | 359 0211 | 365 :

37 0150 | 327 0129 | 335

22 0592 | 429 0535 | 432
E‘;ﬁ; 27 0306 | 397 0269 | 402 | .
Gt | 32 0168 | 365 0146 | 373

37 0103 | 336 0089 | 345

transformation matrix by deep learning and apply it to the
interframe prediction. From experimental results we
confirmed that the proposed method can obtain excellent
predictive performance for images with complicated
movement. In addition, by introducing a method of
adaptively switching the deep leaming-based prediction
and HEVC-based prediction for each local region, it is
clarified that the bit rate reduction of 10% to 35% is
achieved by BD-rate compared with HEVC.
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Elucidation of mechanism of thermogenesis enhancement by exercise training.
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