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Gesture Recognition for Human-Robot Collaborative Communication
T. Obo and * S. Endo (Tokyo Polytechnic University)

Abstract—

Recently, various types of communication robots have been developed and become more fa-

miliar with us. Human-like conversation with gestures and verbal cues makes a contribution to provide more
natural communication. In this study, we proposed a gesture recognition method based on dynamic time warp-
ing and pulse neuron model. To extract temporal pattern of depicting gesture, we implemented an online learn-

ing structure in the human-robot interaction.
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Fig. 1: Communication robot: PALRO.
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Fig. 2: Joint angle estimation based on genetic algorithm.
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Projection-based Visual Sevroing System

Y. Kou H.Tian X.Li M. Minami (Okayama University)

Abstract— Nowadays, in the field of robot vision, the control method called visual servoing attracts at-
tention. Visual servoing is one of the methods for controlling robots. By incorporating visual information
obtained from the installed visual sensor into the feedback loop, it is expected to enable robots to work in
the constantly changing environment or unknown environment. Now, in this field, there were some methods
that have been proposed to realize visual servoing. However, in those methods, the pre-knowledge such as
the size, color, shape of the target is needed to some extent, which may lead a low flexibility to the system.
To this issue, we proposed the project-based method. In this method, we use a dual-eyes configuration to
perform the visual servoing towards the arbitrary target object. First, the model was created by image
shown in left camera in real time, by using homography in projection geometry, then the image in the left
camera is projected into 3D space to make a search model, then project the 3D search model into the right
camera again to estimate the position and rotation of target object. In this paper, the recognition accuracy
of position and orientation of unknown target object was verified.

Key Words: Visual Servoing, Projection-based, RT-MS GA
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Extraction of Time Delay in Stress Fluctuation during Excavation Work
for KANSEI Feedback Control System in Hydraulic Excavators

* Risa Nara, Yasue Mitsukura and Nozomu Hamada (Keio University)

Abstract—  In this paper, we aimed to define and extract time delay in stress fluctuation during
excavation work to realize a control system of hydraulic excavators (KANSEI feedback control
system). In recent years, stress c.alusedy by harsh working environments has been a considerable
problem in society because it may lead to life-threatening diseases including depression. We fo-
cused on construction sites as examples of harsh working environments. Attempts have been made
to reduce noise and vibration of hydraulic excavators to improve the environment surrounding
workers. These attempts do not consider operability however, which is also a considerable cause of
stress. We attempted to imf)rove the operability of hydraulic excavators by realizin% automatic con-
trol system using stress values (KANSEI feedback control system). In order to realize this system,
finding correlation between control output and stress is necessary. In this research, we acquired
stress value using KANSEI analyzer. KANSEI analyzer calculates KANSEI value (stress value) per
second, which is represented in percentage (0%: low degree — 100%: high degree). Subsequently,

we defined and extracted the time delay in stress fluctuation. As a result, it was confirmed that the

time delay tended to increase with working time.

Key Words: EEG, Kansei, Hydraulic excavators

1 [XL®HIC

UTEE, BB/ EERETIC LV AT D A b L AR
A E oo TRY, FEEREICERNT A ML
ZITHEF L TWO D988 1 TR0 I e S b
TWA[]. AR LRSI ORI LV AET S

DD EASLBIGORT R LD BRRIS & 45T

WERA R VAT AMDPRET 2 70OICHETHL &
SNTWDED, BEMICELIGAECIBED A h LA F4
RICHEREZ RIET. A L AIETHOKRT 25 =
L, ZAUTH@EBG BT A EFESDROK FICE
N5, EBITNE, 9o EDAEMIZEED DR E %
JETAHIELHDBT2D, BERTHZEBMNEL INT
W5, BUE, WER SRR B HFET DN, K
W2 CTIXE O T R 558 TS 5 B BiGIC
EETS. BHETIE, HEY 3 UL ORISR
BT DERE-CIREN AW L, S5 A B B R A
UGET 5HZ & TR M U RABHAOIY A0 72 ST
W5, L, MEY 3 ~LOEEIC X0 BiitE A
JKUEDA P LRIBEINLTODRNEZD, ARLVAD
BERROSHN S 5. AHFIETIE, A b VATEREZ HW
THEY 2 ~VOEEER EZ2BNETS. AL A
BRMED 1 D ZMTEY 2 VDT 4 — RNy
7 W2, 312 T 5 Z & T, RO EN: AU L
B2 DA b L AOBEO IR R D & &% D YR,

THEEDT VA MEATHORIETEEZEZ LTV D, BEE
T4 — Ry 7HIEERWS Z LT, S AR
BTO—WF—TxF U TEIED PR 2o 2 LB R
DTV EFE 2D, TelZRE, VAT ADE
TEALIZTRLS B LTV A 728, BitE7 4 — K3y 7l
OEBUIITLTERHZ I DN T MR H 5. i
£ g ~OVEERRZ T 5 A N LU AEBNO T 77 REE I
7 40— RNy 7 GIERICE T A2 R IS Y 5
D728, #lfH ST A —X OFEEEEYNIAT O T2 DI
ONCTDMERH D, AL T, WEY 3~
HITEZERHZ 1T DA b L AEEBNO T 7E R 2 i3 5.

S ,,,KANSE,I,,f,CCdbaCk loop
: Target KANSEI value KANSEI |

| (Operability) | — analyzer
: —;i* Controller}*

Assist

'KANSEI
, information

Position

+
Oil
Human “y—; l-{Excavator}T Human r_‘

Lever operation

Target position

e

Fig. 1: KANSEI feedback control system

R HOPM bOREDIBICEENESROTE 2 RER
Wk 701 04 22 LD LR 72 BEA T[4, SR
DoTWARITFIUE, BN EZ LRI LT 21 REBFIE

BIENAEL D Z L3S bnTnd. KRR TH
RDNET 4 — RNy Z i O7 v v 7 #iX% Fig. 1
R, ORAHIENINZ T, BEERICEEN
HA NV AEZE TCITHIE AT A —2 OFFFEEITH Z &

10

A KU AEBOT IR AT 57 OIE Y 3
L% O TR ESE R ORI E AT o 72 i &
AW 2 L AT CRl Y, FEREE
FICREIEN DR Y TIVZ A LRFHARRETH 5 &

PG0006/18/0000-0010 © 2018 SICE



WO REEA FE. N RIS EITEE I T 212 1 2
JATV, BIEO6 A 7 VEREIVESEL %061 2
VERHIVES2 & L2 (Fig. 2 21R). S1EEMTIE, 30
MO ZEREAIRIRE 238 1 TV D &3 7 /Vi3dEH,
Ff EhEml, et 10ROk A, (ESERERIS R PR
E LTz, 61T, FHANS THRICEEEICEIT 5 B A
RO EEY FHELZ LG Lz, ERE, “REO
TS 3~V (B IRA K OBEIRB)IZ kL C B OV
BIE B4 2R & LT, TN ENOSMEICBNT
10> MTo7o. ZhUuX, EY 3 ~LOFFEDE
SOPREE O BHE O ZED B EMEIC 52 5B BE T
D12 Th 2. Pl HAIE P X EER 1020755112355 <
FERTEERTEFEAIFpl & L, Yo7 U v 7 Sk % 512Hz
& L7=(Fig. 33M). R L7-3HEIEANEIA L A& 5

TR RORG 2 BHCE L TWD EEbh T 5.

BERITMTE Y 32~V FIZ3BEDOET AN A T A%
&L CEEmMGZRIG Lz, 2, A b LAZEO
T R A B8, A ML AEE L EEDA X
v N E AT M ERN S 54 Th D,

4 | Eyes-closed |

| Excavation work 1 |
Iset < | EWQmm

| Excavatic|)n work 2 |
Eyes-|closed |

10 sets finished
N

Yes

" |

Fig. 2: Experimental flow

Fig. 3: International 10-20 system

22 FHABKERUER#S

ARFFECIX, SRR 2 O T 21T -
7. MMIEEH I RALINIE 51 & £ 5 BN - 0> — A s
BB, KA FHIEE B2 2 & 0kid )
TSGRV Z & 72 8 BEHRIRFO A K E WV RE
ThbH. —J5T, ST FHIER R C oA A
BETH Y FHAIREO A 2R 5 Z & Bk 5 (Fig. 4
ZMR). ABFZETITA b LA RIS E LTEY, K
WetEEIZ LD A NV AR T DXL ERSH D720,
SR 2 AW CRHZ T o 72, AR CTHW S
A B U AR U 72 i & el 7 A I AT
AHZLETHEE L. BT 741, A &t
Pl AT O EETH H6]. hFx ) THERE (4
R TR NV RREE] [PREREE] ORSOEMEEZ Y T
WAL DT D Z ERHEED. BoniT—4i%
0-100%DEHE TREND. £z, T5SBEOXF¥ U 7L
— g UIPMTONT, RO AZEZNEE I LTINS,
NS DBIEDHEEITHN SN TWAE DT LT Y
AT, 15 FLLEIZE Y BG LI ERE ST — 2 X
—ANHNBI TV 5.

Fig. 4: EEG device

3 fRAT
31 RFLRERGFET—E2DETIYHL

BUS LT 7 — 2 T 7 A FICA L 1|
FHCA P AEZBAS L-. 2 ORISR
UTNVHEA LNTIToT-.

PEHIESE | SRS 2 Tl 6 A 7 L OfEEE
FLT T TN D20, 1EEMEAERHWTHY A 7 v
(A P L AET—H DY) i La47-7=. Fig. 5 & Fig.
6 \IZHUGFLIZA RV AEE T —Z OO0 H LHI AT

__100
= 80
2 60
<
> 40
2 20
wn

0

0 20 40 60 80
Time [s]

Fig. 5: Stress value



__100
= g0 |Cycle1|Cycle2| . | . | « |Cycle 6
2 60
<
o 40
2 20 NN
)

0

0 20 40 60 80
Time [s]

Fig. 6: Data segmentation

3.2 OfEERIHEE

YO L7z A IV BOT—2 IR LTC, REIfESE
FRZEBIT D A N L AEFH O IR O 217> 77
FT, &V A 7 NVORGREZ 0Fb & LA 7 VIS
T 7 LTz FD%, 7T 750 AN AEEOM
KIEOHF TEN R K & 72 D05 F TOR 2 RD, *
NWET IR & 5% LT (Fig. 7 ).

100
80
60
40
20

Time delay

Stress value [%]

0 5 10

Time [s]

15

Fig. 7: Detection of time delay

F72, Fig. 8 lIRTORV@D L ST, MKfEOH
THRK E R DBEED 1 A 7 VDT — 2 NITHEEAFE
THT—Z BRIz, AR T, PIOIRAE
D THRKR & 72 DR DPEHIEE A PR L2 2 L ITE
HT 252 MLARETHDEEZT-. SOF D Fig 812
BT, MWEIVEEBRAAREZ ) DO OREL FE T3 Ee72
MThsEER L THIHZITo 72

100
= 80
5 60 @ @
: 0 N
2
e 20
Z 0

0 5 10 15
Time [s]

Fig. 8: Selection of time delay

4 REBRRUSBE

EFCESOTHIH L0 2 %, EEIEZE 1
(1-6 YA 7 WK OHREINEE 2 (7-12 A1 7 W ZEnEh
WXL COEE E L CEE L EIESE 1128V T,
FEIR A Zfdi ] U 72 B OB 1238 1) B T R O 2y
EIZ 6.1 7, IERFE BN T 79 TH - 7=, HHl
E¥E 2 [ZBW TV & IEREE DIRICZENZE
65 81 TH-T-. £, HIKB 2 H L7-ED
BGHE 2B 1T 2 R O IIRA I ESE 1120
T78 %, A EICBWTIL8I M TH 7. HEHIE
¥ 2 IZBWTIEREE L IEREE DIEICZ 2 7.8
& 93 BT o7~ (Table | BHR).

T, BARDFEEOME Y 3 Vv E WL
R 2 bl 35, BEWERE 1 X2 OVl
BRI A LT U CREIR B (i F R T2 72 IRERE] OO 2R A3
K& L 72 BB HERHNRT-. 6, BXEY
T DOFE AR B & Foile U CTREIR A O ENEEEE A
&, BN TUN—EENFRETH D Z LAk
WUT-. T OEEOE T L0 MR B B R )
KT LITRELS B o T2 &0, HiARE v
ToBED 1 YA 7 VOVEEICET ARMICER T 5. 1%
B A ZEH L7 BEOREE 20T 5 PRI 12.2
BWTH 0 IEBEHEICBNTIL 149 BThHoT2. £77,
SR B 2 H U 7= B OB 1231 2 E)RERHTIT 14.8
WThIEIHE BN TUIISI M TH T2 /- T,
FEIR A & LR U TR BAEFHRFICBW T L A 2 v
VRS ET DRI R < RS HERHKT-. oF
0, BEAEDOEHEOENT X0 A& U DR o
PRV TERE N R E A 2 BUA I 2 FF> 2 & 35 %
5nb.

[FERIZ, 722 BB O BREE DS T > 2 ~L &
TELTZBE DT - R 2 bl 95 &, #BE loxh LTI
B DT TZIRER O SN K X 7efif & 72 HAE A D e
k-, F2, SHERED 1 VA 7 VOVEEICES
HIFMNCHE B 5 &3S & bl L CIERsEE DA
21 YA 7 VOVEEICET HIERIEE < 72 DEM D e
kT, ©F Y, BEEOBEOBENIL VAT
BAEZERFR O LN T 72 BER 23 K & 2l % & DR
MEFHOZENEZLND

BENT, Bl 1 A 7 T LICEH LT B
DI ZE 7 7L, BIEIEIEAT > TR o —14]
% Fig. 9 & Fig. 10 (2R3, Al Iy 7 4k, fitdh X
LIERHEITH Y, ITEPERIT AR TR TN D.

Table 1: Time delay in stress fluctuation

Time delay [s]
Hydraulic Hydraulic
excavator A excavator B
Skilled | Unskilled | Skilled | Unskilled

Excavation | ¢ | 7.9 78 8.9
work 1

Excavation | = ¢ 5 8.1 78 9.3
work 2
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A Robot-based Sports Game for Health Promotion
* N.Shuo, S.Shao, N.Kubota (Tokyo Metropolitan University)

Abstract—

To encourage elder people to participate in exercise, it is important to increase the motivation of

them. We suppose that self-efficacy theory which present by Bandura is suitably on this situation. In order to
prove our suppose, we invent a robot-based game which refer to sport game “golf”. Instead of normal golf ball,
we use the ball robot “SPRK” which is controllable, so we can increase winning percentage secretly. In order to
make SPRK interaction to human smoothly, the position of detection of SPRK must be efficiently and correct.
We promote a reliable detection system by using Kinect, then we test the game of the “golf robot”. Also, future
research is required to ascertain the effects of such challenges on self-efficacy in elder people.

Key Words:
1 INTRODUCTION

Exercise and physical activity have been demonstrated to
have wide-ranging effects on a host of physical conditions
including coronary artery disease, obesity, caners, and all-
cause mortality. Moreover, it appears that these effects are
not unique to the young but are also reliably demonstrated in
older adults [1,2]. In addition to the physiological effects of
exercise, a considerable literature suggests that a number of
psychological conditions are also influenced, including cog-
nitive functioning and anxiety.

Self-efficacy expectations are the individual's beliefs in
his/ her capabilities to execute necessary courses of action to
satisfy situational demands and are theorized to influence the
activities that individuals choose to approach, the effort ex-
pended on such activities, and the degree of persistence
demonstrated in the face of failure or aversive stimuli [3,4].
Perceptions of personal efficacy have typically been identi-
fied as important predictors of exercise and other health out-
comes [5] but have largely been ignored as psychosocial out-
comes in and of them-selves. With respect to exercise and
physical activity, even relatively short, acute bouts of physi-
cal activity have been shown to enhance self-efficacy.

The problem of exploring an environment belongs to the
fundamental problems in mobile robotics. In order to con-
struct a model of their environment mobile robots need the
ability to efficiently explore it. The key question during ex-
ploration is where to move the robot in order to minimize the
time needed to completely explore an environment. This
problem unfortunately is already NP-hard for known, graph-
like environments. In this case it directly corresponds to the
problem of finding the shortest roundtrip through all nodes
of the graph, which is the well-known traveling salesman
problem.

Learning from demonstration is a promising approach that
can transfer many robot prototypes remaining in re-search la-
boratories to the real world since it typically does not require

any expert knowledge of robotics technology teaching robots’

new tasks. It thus allows end-users to teach robots what ro-

bots should do based on their own requirements at their place.

LfD also has been attracting a lot of interest from researchers
in the field of Human-Robot Interaction (HRI) because it
helps robots to learn new tasks that are infeasible to be
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learned using pre-programming like personal requirements
as their hu-man counterparts. Furthermore, the HRI perspec-
tive can help to build a robot learning process more effi-
ciently learn a new task from observations. End-users can
teach robots anew task what robots should do without any
expert knowledge of robotics technology.

Fig. 1: The robotic ball Sphero SPRK

The Sphero SPRK is a robotic remote-controlled ball ca-
pable of rolling around on its own in any direction at multiple
speeds. Numerous games have been designed for the SPRK
for smartphones and tablets. However, most of these games
provide an interface for controlling the SPRK that is far from
natural. These games also do not put a strong focus on the
physical environment around the SPRK. This work discusses
a control scheme used to control a SPRK with another SPRK,
and a pervasive game leveraging this scheme that empha-
sizes physical properties of the environment to create an im-
mersive experience.

This paper proposes a robot-based game using self-effi-
cacy theory for increase the motivation on sports game. The
rest of this paper is organized as follows. Section II explains
the related works and previous research results. Section III
explains the detection algorithm and the control system on
ball robot d. Section IV shows simulation experimental re-
sults of the proposed method, and Section V summarizes the
papet, and discusses the future works.

PG0006/18/0000-0014 © 2018 SICE



2 RELATED WORKS
2.1 Self-efficacy Theory

Self-efficacy is a psychology theory which given by Al-
bert Bandura [3,4]. hypothesized that expectations of per-
sonal efficacy determine whether coping behavior will be in-
itiated, how much effort will be expended, and how long it
will be sustained in the face of obstacles and aversive expe-
riences. Persistence in activities that are subjectively threat-
ening but in fact relatively safe produces, through experi-
ences of mastery, further enhancement of self-efficacy and
corresponding reductions in defensive behavior. In the pro-
posed model, expectations of personal efficacy are derived
from four principal sources of information: performance ac-
complishments, vicarious experience, verbal persuasion, and
physiological states. The more dependable the experiential

sources, the greater are the changes in perceived self-efficacy.

b
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Fig. 2: Five Stage Model of Needs

This five-stage model can be divided into basic (or defi-
ciency) needs (e.g. physiological, safety, love, and esteem)
and growth needs (self-actualization) [7].

The deficiency, or basic needs are said to motivate people
when they are unmet. Also, the need to fulfil such needs will
become stronger the longer the duration they are denied. For
example, the longer a person goes without food the hungrier
they will become. One must satisfy lower level basic needs
before progressing on to meet higher level growth needs.
Once these needs have been reasonably satisfied, one may be
able to reach the highest level called self-actualization.

Every person is capable and has the desire to move up the
hierarchy toward a level of self-actualization. Unfortunately,
progress is often disrupted by failure to meet lower level
needs. Life experiences including divorce and loss of job
may cause an individual to fluctuate between levels of hier-
archy. Maslow noted only one in a hundred-people become
fully self-actualized because our society rewards motivation
primarily based on esteem, love and other social needs.

2.2 SPRK for Edutainment

SPRK is a remote-controlled robotic ball, designed by
Orbtix. It is capable of moving around in any direction and
in various speeds. The SPRK is a differential drive mobile
robot enclosed in a spherical case. The dynamics of the
SPRK are driven by the nonlinear coupling between the in-
ternal mechanism and the outer spherical encasing. In
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addition, proprietary underlying controllers govern how the
command velocities are interpreted to low-level motors. The
proprictary embedded software uses the on-board gyro-ac-
celerometers to balance the robot up-right while rolling. The
caster wheels on top of the internal mechanism ensures con-
stant contact of the lower wheels that are driven via two mo-
tors. The embedded software interfaces with heading and ve-
locity (or x—y velocity) command inputs sent via Bluetooth
communication. A high-fidelity model of the robot would in-
clude several internal states characterize the internal mecha-
nism and controller. However, rather than seeking to approx-
imate a high dimensional model, a reduced state model was
sought. The mainly using of SPRK is in STEM education

(Science, Technology, Engineering and Mathematics) to
teach children learning how to programing.

Specifically, the introduction of Sphero SPRK in the Kin-
dergarten classroom is suggested, following the implementa-
tion of two additional activities in which children take action
with their bodies. [8]. The proposed activities concern teach-
ing the notion of speed in Kindergarten by utilizing the pro-
gram the robot SPRK. In the first activity, children will real-
ize that the faster competitor in a fixed-distance race is the
one who needs the shortest time to reach the finish. Through
this activity children are required to solve a problem that an-
imals living in a forest face. Additionally, hand-claps will be
used to count time with the help of chronometer. Children
will be requested to run individually or in dyads, while the
others count their time using hand-claps and all together will
collect and write down the data related to the time each child
needs to reach the finishing point, on a board. At the end of
the activity, children will be requested to compare their col-
lected data and decide which one of the competitors is faster,
but also to justify their answer.

2.3 Interaction between human and SPRK

Also, the research about interaction between human and
SPRK has been done [9]. Digital games for animals within
Animal Computer Interaction are usually single-device ori-
ented, however richer interactions could be delivered by con-
sidering multimodal environments and expanding the num-
ber of technological elements involved. In these playful eco-
systems, animals could be either alone or accompanied by
human beings, but in both cases the system should react
properly to the interactions of all the players, creating more
engaging and natural games. Technologically-mediated
playful scenarios for animals will therefore require contex-
tual information about the game participants, such as their
location or body posture, in order to suitably adapt the system
reactions. This paper presents a depth-based tracking system
for cats capable of detecting their location, body posture and
field of view. The pro-posed system could also be extended
to locate and detect human gestures and track small robots,
becoming a promising component in the creation of intelli-
gent inter-species playful environments.

In order to control the SPRK robot we need to detect it first.
In Pons’s research, the Kinect has been using to detect the
human and SPRK, k-means clustering has been used to de-
tect the gesture of human and cat. The accuracy of cat’s



gesture recognition is about 84%. They are still working on
human or other pets.

This research provides a 200cm x 270cm area for tracking
the pet and human, but if consider detecting SPRK during the
sport, a larger area is needed. Also, in this research, only de-
tection of cat has been considered. If we extent the detection
area, the cost of the detection algorithm might be too com-
plex for the real time detection. To obtain these needs, we
invented a method that have both extremely high efficient
and low cost. We will introduce this method in chapter 3.

3 POSITIONING SYSTEM of SPRK

The size of SPRK is too small to be detected in normal
ways. Controlling of SPRK robot and make it move towards
the right position. The problem is listed as follow: We need
to detect the SPRK in complex environment. Also, the posi-
tioning algorithm must be low cost for the real time pro-
cessing. Moreover, a high accuracy is needed.

Our solution is given by this: use retroreflection phenom-
enon and infrared ray. We noticed that visible light and in-
frared ray can be classified by camera filter easily, if we can
make the SPRK retroreflection infrared ray, the background
and SPRK will be classified by extremely low cost.
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Fig. 3: Principle of retroreflection

If the distance between infrared camera and the object be-
come closer, the reflected light of infrared rays will also be-
come strong, and there is a possibility of misrecognition.
Therefore, it is considered that the optimum detection dis-
tance is 1 m to 7 m. The irradiation range that can be grasped
with a measurement distance of 2.5 meters is approximately
300cm x 300cm. Reflections occur frequently on a flat sur-
face of glass or the like from the frontal front, so that errone-
ous recognition is likely to occur.

Angle between the x-axie of camera coordinate and the 0-
axie of SPRK movement coordinate. To detect SPRK using
both infrared camera and infra-red light. However, since
SPRK does not emit infrared rays, the reflection seal is at-
tached to the outside and the infrared ray transmitted from
the infrared camera is reflected to make it easy to detect.

For use, objects that can be easily reflected are as follows.

- Floor (depending on material)

- Book covers

- Eyeglasses

- Glass

- Hair decoration (light shiny)
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When the background is made of a material that is easy to
reflect, there is light that is reflected by the surface other than
the reflective tape. For this reason, there are cases where it is
erroneously recognized by reflection. Since it cannot be
measured if the robot comes out of the infrared irradiation
range, it is necessary to measure the irradiation range of the
infrared ray and the camera. The image of reflective objects
under the infrared cam-era would show the better result.

Fig. 4: Detection of Robot SPRK

In order to get the best reflective result, we chose several
inflective coatings and make the comparison among them.
We divided the test into two groups: one group is under the
situation of normal camera, whereas another group capture
the frames under the infrared camera.

It is also necessary to get the position of SPRK robot from
the detected image. We applied SSGA for SPRK detection,
and the result shows that it is fast and accurate. The genetic
algorithm for SPRK detection shows as follows:

Algorithm 1 Genetic algorithm for SPRK detection
INPUT
G ={g1,02...9n}
6 as the threshold filter
OuUTPUT
G, C G for the set of candidate targets
K is the number of detected SPRK robot
START
for i + 2 to t for the maximum iteration time do
for j + 1 to N the number of genetic units do
Calculating the fitness value f(g,) for each genetic g;
Reproduction the offspring according to the fitness value
Generate offspring from the crossover of two parents
Mutate some generated offspring
end for
end for
for j + 1 to N the number of genetic units do
G. « {g;} UG, if f(g;) > 0
end for
Ki = {t1} add K; to K for initialization
k=1
for i + 2 ton do
find the t; in some cluster Km in K such that dis(ti, km) is the smallest.
if dis(t;,t,n) < 6 then
Km + Kn U{t:}
else
k< k+1; K = {t:}; add K to K
end if
end for

4 EXPERIMENT
4.1 Simulation

It is noticed that SPRK is a ball robot and it can be moved
to any direction. As figure 1 shows, the O is start point and T
is the goal point. SPRK’s location is P(Px , Py). Movement
speed is v, alpha is the angle between the move direction(v)
and T axis. What we need is to calculate the acceleration to

(a_final) . In this case, the acceleration can be divide into
2 parts by different purpose: the accelerate to control distance
between SPRK and axis T (a_d) and accelerate to control
move direction(a_alpha).



Fig. 5: Coordinate system

It is hard to make balance between a_d and a_alpha. We
use fuzzy control to solve this problem the membership func-
tion is shown in figure 6.

1 t —t t t §T§ t

Fig. 6: Fuzzy membership function of wd.

If then rule:

If the distance is negative-big and alpha is negative-big
then accelerate direction will be 30degree.

If the distance is negative-big and alpha is positive-big
then accelerate direction will be 20degree.

If the distance is small and alpha is negative-big then ac-
celerate direction will be 5degree.

If the distance is small and alpha is positive-big then ac-
celerate direction will be -5degree.

If the distance is small and alpha is small then accelerate
direction will be Odegree.

If the distance is positive-big and alpha is negative-big
then accelerate direction will be -20degree.

Ifthe distance is positive-big and alpha is positive-big then
accelerate direction will be -30degree.

-100 -50 0 50 100

Fig. 7:Simulation result

The simulation result is shown by Fig.7.

5 COLCLUSION

This paper describes the development of a positioning sys-
tem for robot-based sports game for health promotion, based
on the analysis of depth information captured with a Mi-
crosoft Kinect® sensor and reflect tape. The IR-based track-
ing system is capable of detecting a robot SPRK’s location.

Our immediate future work will be put the system in actual
use. We are also working on improving efficacy of fuzzy
control by using GA. After this, we will focus on design the
experiment of promote people to do the sport, like how to
design the game and how to encourage people to participate
in. We will also extent this system into other use like edu-
tainment for young children.
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Blind Source Separation using Time-Frequency Masking and Machine Learning with Recurrent

* Shunta Yoshimura, Yasue Mitsukura and Nozomu Hamada (Keio University)

Abstract—

In this paper, we present a blind source separation method for multichannel mixtures of speech

sources. A lot of research on blind source separation employ direction of arrival estimation to extract features and
time-frequency masking to cluster frequency components because of its simplicity and low computational cost.
However, the spatial aliasing problem occurs with closely spaced microphones, leading to the decreased accuracy
of direction of arrival estimation. we propose a method using recurrent supervised machine learning to estimate
direction of arrival and time-frequency masks. Experiments designed to separate mixtures of two speech signals
with 4cm spacing microphone array are conducted under real conditions and results show that the proposed

method works better than the existing method.
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Blind Source Separation, Recurrent Neural Network, Time-Frequency Masking.
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Fig. 5: Microphone array used in experiments

Table. 1: Experiment’s setting

height [m] 1.2
Mic position equilateral triangle
distance [cm] 4.0
. number 3 males
Subject — -
distance from mic [m] 1.5
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Fig. 6: Position of sound sources in evaluation

Table. 2: Patterns of subjects and sources
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A (ml, m2)
B (m2, m3)
C (m3, ml)
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Fig. 8: Experimental results of proposed method(blue) and conventional method(orange) measured in SDR.

(a): average of pattern A, (b): average of pattern B, (c): average of pattern C, (d): average of all patterns.
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Fig. 9: Phase difference between micl and 2. (a): training data, (b): experimental data.

Table. 3: Standard deviation of phase difference.
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Standard
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Analysis method of Period Sensitivity for cyclic expression pattern sequences
in gene regulatory networks

Y. Mori and xY. Kuroe (Kyoto Institute of Technology)

Abstract— Sensitivity analysis is fundamental and essential in analysis and design in any system. This paper
proposes a method of sensitivity analysis for rhythmic phenomena in gene regulatory networks. We model
gene regulatory networks by using piece-wise linear differential equation model and periodic phenomena
are expressed by using periodic orbits and corresponding expression pattern sequences. Sensitivity analysis
of rhythmic phenomena is very difficult because rhythms appear autonomously as periodic phenomena in
nonlinear systems and only few studies have been done. In general, sensitivities of period and phase are
calculated by using numerical methods approximately. In this paper, we show that sensitivity of period of
gene regulatory networks can be derived analytically.
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Table 1: Results
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Dynamical Transition of Emergent Patterns in Spiking Neural Networks
Composed of Excitatory-Inhibitory Neural Modules

*3. Nobukawa (Chiba Institute of Technology), H. Nishimura (University of Hyogo),
and T. Yamanishi (Fukui University of Technology)

Abstract— Recently, spiking neural networks, which have the physiological neural and synaptic properties,
have being applied to machine learning. While, the studies by physiological neural network models and
neruoimaging modality reported that the fluctuation of neural activities can enhanced the brain functions
such as cognitive and learning functions, which is called stochastic resonance or stochastic facilitation phe-
nomenon. However, few studies have focused on the application of these phenomenon to machine learning
in the spiking neural network. Therefore, in this study, the characteristic for the noise induced dynamical
pattern transitions, which can be utilized to the exploration of embedded patterns in associative memory,
was evaluated in the spiking neural network. Through the periodicity/complexity evaluation of the noise
induced transitions in the spiking neural network with two excitatory-inhibitory neural modules, we revealed
that deterministic periodic behaviors called as coherence resonance arises at appropriate noise frequency.

Key Words: spiking neural network, synchronization, coherence resonance, multiscale entropy analysis
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Module #1 Module #2

parameter value
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/\ : Excitatory synaptic connections

: Excitatory neural population

@ : Inhibitory neural population

Fig. 1: Topology of spiking neural network.
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Heart Rate Estimation Method by Measuring Pulse Wave
Through Conductive Fibers Mounted on Forearms

* Yoshiki Mashiyama, Masaki Nagura and Yasue Mitsukura (Keio University)

Abstract—  In this paper, we propose a method for estimating heart rate from pulse wave measured through
conductive fibers mounted on forearms. In recent years, heart rate is an effective index for describing mental and
physical condition. Accordingly, many types of wearable heart rate measuring devices have been developed.
However, there are problems such as uncertainty in the measured waveform caused by contact failure and large
burdens on subjects caused by wearing oppression. Hence, it is necessary to have a device that causes less burdens
and can measure stably. In this research, we propose a forearm-mounted pulse wave measuring device made of
stretchable conductive fibers that can be comfortably worn and can reduce contact failure. In addition, we propose
a method for estimating heart rate from pulse wave measured by proposed device. In order to evaluate the effec-
tiveness of the proposed method, we show the accuracy of measuring heart rate and the occurrence probability of
the heart rate variability waveform. As a result, it was confirmed that pulse wave can be measured stably irre-
spective at both rest and moving state by the proposed method.

Key Words: heart rate, pulse wave, conductive fibers
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Fig.8: Waveform of heart rate variability
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Study about adaptive thresholded boosting in cost-sensitive learning

«H. Sasaki and T. Hamagami (Yokohama National University)

Abstract— Cost-sensitive learning can deal with trade-off between true positive rate and false positive rate
of detection. Although the control of these two rate is especially important for detection problems, optimal
costs of wrong detections are usually unknown. To tackle the problem, our previous research has proposed
adaptive thresholded AdaBoost, where false positive rate of a strong classifier is controlled to keep a target
value instead of setting costs of wrong detections. In this research, a preliminary investigation is conducted
to generalize the adaptive thresholded technique to other boosting methods, such as MadaBoost and Gentle

AdaBoost.

Key Words: boosting, cost-sensitive learning

1 BBUSHIC

B T I3 SR (True Positive Rate: TPR) &
5Bk (False Positive Rate: FPR) O\ § 11wV
SHENS, ZHUZTPR &L FPRAB ML —FA 7D
RICH27-0TH3, FL—FF70BRICH 2 TPR
L FPR Z2HlfEIT 2 72012, BBtk - Bkatkoiic
L CE7: 2 S HIHE % 3BE § % 28D cost-sensitive
learning?) T® 3.

2ol E 22008 SHIfEOIERETH D, E
M-I EIHEZ &9 BB TR E D &\ ) IHAEZ TR
MBHB Y, BHOMREZ T 2548121
TPR & FPR 236N 5%, SHHHEDHREIZ L > T
¥ TPR % FPR IZBIT 2l HEZ ME TE &2\,

I 51T, —MRIICBRIE TS (IE6) 1&Z2 st o 7 —
5 (Bfl) & RTED D20z d, TPR EHARTFPR
DIE ) DIPLIRZEZIZN S KB DT, T/, EFD
VOB AEICTELRD TPR 25 < LW EICIE
FPR O LR ZFHFRTIMHENRH S, L3> TTPR &
FPR 2l L TN R 2 REET 5 729D 121X FPR D
TR EZ E DT TPR Z il §2 2 LG4 TH 5.

—ED FPR Zf£EE L 72555 TPR Z i@l § % 720
12, HEH S DSR2 Tl boosting®) 12 E 1) B G 7%
L EWEFHEE2IRZE L 72, FPR Z—CIZE2 X1 L
Z\WEZESICED 5 Z & 1T cost-sensitive learning
D EHNEZ FEIGICRET 2 2 L ICHET 5, 51,
HIEIN 282 TH 5 FPR #NA 8= 5 X =2 L T 5
LT, PL—FA7DBRICH S TPR & FPR 2
AICHIES 2 Z L 23THJRE L 72 B,

—J5C, k2 Tld boosting DHTH AdaBoost 12
DAERZ LT CIHID Thbhi Tk, L LA25
AdaBoost IZ1ZW K DD RERH D, FPR Z—4EIC
RTERVEEYRH 5., AFRTNRET S TPR & FPR
DOFIFHIDSEE & 75 2 E T, 61 & AfH e -
THAZSTOLLRWPIEET S, 29 LR, 1E
i & Al DE 2 D H A OB RN T I 1, FPR
O EEEICN T 2EEEICERE L5 2T L.

¥ 72, AdaBoost OEtRN R 1% § 22288 Tl
LEWEZ HEOMHEICTHETCE R WHEL FEL T
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7o, % ZTARRETIE AdaBoost BIAD boosting Tk
IS L S WHHFETEZEA L, FPR O HEE
T 2B O LT 2179,

K& F 3

2 Boosting cost-sensitive

learning
HHPAL VX ETERSIND x O fHSHITEZ
E2D, Fl, 2 EZNIINEGINETHEHI Ny €
{=1,+1} 135316 Do(z,y) IZfE>TWV B ET 2,
boosting 132 (1), (2) DE TN TR I N5 085
Hrp(z) 1I2BAL T, 30 (3) o\KBIE 2 R/ MU T 2 [HE
tLcEMLEn s,

Hr(z) = sign[Fr(z)] (1)
T
Pr(z) =Y fi(z) (2)
R[Hr; Dol = E (2 )~ D, [U(=yFr(z))] (3)

ZZTHQ) D fi: X - RIFFFEGTHD. £,
KB)HDU:R— Ry 13K (4) TEI NS zero-one
BROEFTH Y, R[Hr; Do) I HED EFRUC k-
Tw3,

1 220
0 otherwise

SrEER 135552 a2 BRSBTS 5 2 & T greedy
RELINS, $hbb, ERATy 7t TENZN
BRI NP3, BARNZ i/ METT 13 boosting D Fik
TEILHL B,

Z 2 ¥ Tl cost-insensitive 7 (A7 HFE 2 R/IMELT
%72 D)boosting IZ DV TRz, T E TOw~%
cost-sensitive learning (AT % 7z O 11X ABH 1S X
ORI 2 &0 C(y) = exp(—y7™*) 23X (3) I
HATIUE XV, 22T € RIZAERNICTFOREL
TEANAR=NIA=8TH Y, HhaEDIEITX
T2 E1HNZ exp(r*), PkEMEICRd 2 811 exp(—7+)
&b,

L(z) (4)
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KRB Ro[Hr; Do) 2 EBLT 5 &
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BT Re|Hr; Do) ZEofld 5. FEEERE MikTlda
M@Q%i&bﬁg<&5;v&%ﬁﬁ%mﬁém

Re[Hr; Do)

N5, ZOREER (7) TEAMIT 6 B
oML (3 (6)) LHFETH 5.
hy = argmin, B )~ p, [L(=yh(z))] (6)

U'(~yFi(x))/Z:
exp(—yFi(z))

y7*)Do(z,y

y7*)Do(z,y
=7 (7

7272 L Zy \ZIEBALIETH 5. KK (7) 1E cost-
insensitive 7% AdaBoost 2 &\ T Dg(z,y) <«
Do(z,y) exp(—y;7*) & L T4 \?ﬁﬁﬁ_ﬁ’iﬁ_ﬁﬁﬁ‘é &
LAFETH 5.
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_exp(—
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FPR[F,_; — 7Y D] = FPRyarger (8)
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Z
(9)

Z ZCFPR[F; D) 343 D \Zxtd %5744 sign[F] D
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L% Algorithm 1 12787,
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learning DFIHI ST X —% 7 H3 () O FREEIC X b e
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Algorithm 1 Adaptive thresholding for AdaBoost

Input:
FPRigrget : allowable value for false positive rate
T : maximum iterations of boosting

D = {x;,y;}, : training dataset

Initialize:
Do = %, Fo(z) =0, a9 =0, ho(z) =0, 70 =0
fort=1...T:

Calculate threshold 7(=1) satisfying bellow:

FPR[Ft_l — T(til); D] - FPRtarget

Update the distribution D;:

Dy (i) = exp(—y,7" V) Dy (i) exp(—gics—1he—1 (24))
Normalize the distribution D;:

_ D

> De(i)

Train a weak learner h; according to Dy
Calculate a; by using hy and Dy:

> Dilwi)
yiFEhe(z;)

1 1—6t
Oztzﬁln

€t
Produce a strong learner Fjy:
Fr=F 1+ oy

end for

Calculate threshold 7(T) satisfying bellow:
FPR[Fr — 70, D] = FPRiarger

Output: Hp(x) = sign[Fr(x) — 7]

7BtRIZH 3 TPR & FPR ZHIRICHIHIT 2 HIcdh
D, FPRigrger BIEEIZRNAN=8F X =5 L LT
HRES 5,

4 AdaBoost UADFEICKHT DEIBHI L
= VMERE
B L & WEFEE I DA O EHHI DO A2 EEL T
1D, AdaBoost YD boosting Fikiz b w#H A EE T
5.
% 72, AdaBoost I boosting DHFTHFRHCEH LT
NIV AL THEBUTDE ) B2 REDHET S,

o Fy(z) HOMGETIE 7 < HEBINCH B

o Jliffi7T —F ANl E EFN TGS
ZFeTw»

Fy(z) DB 856121330 (8 ) 75:2?-57"?“ &) H3EAE
L 2 WileeED & b % 9 L78GEiiE FPRtarget et
BIET 5 L9 e L 2 WfHFET gmx iz <, TPR
& FPR DOl EHEE L 72 2 RE T, 1 & adilhvR:

IEE
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%<, BRINL EMEFRTFEOEAIRS TH 5. %
ZTIZD DD boosting FHEICE L GHEIGH L & W E
TR EH T 5 FEERICER S,
4.1 MadaBoost IC¥Y 2EHKIL Z VMERE
MadaBoost 3Flli# 57— % & v bcHUEZ G054
P, 74N v TEIRIC XD boosting 21T 9 i
£ T Tdh % 6 DMadaBoost (& AdaBoost & [Flfk
WCHERE R O L, EEERE TR X D Rl I n 5.
AdaBoost & DEWIZ U(z) TH 5. MadaBoost Tl
X (1) 2 L(z) D ERELTHAHE N, 20—XHEBY
Bz (12) cERI NS,

142z 220
Ulz) = {exp(z) z<0 (1D
o)1 z>0
Ulz) = {exp(z) z<0 (12)

AT — 2 I UED & E T a, 2 = —yF(2)
DE I —MICKRE &%, AdaBoost THW 5L 3
U'(z) = exp(z) 1T 2 BPRE VT —FITH L THEW
WCHEAZ DT TS 2720, HEDFEIERD P
v (X (7) ZH). —77T MadaBoost Tl&, z> 01
BILCU (2) =1TdhHb., LEh>T, AUz ED
7o BICN T 2 EHIZSETNC R E K D ic v,
RE L THMUEDEEDIR D 12 WiRE{LTIEIC 2 -
TWw3,

MadaBoost (23 J 2#)HH L E WEHE 1350 (9) @
ZH PN E AdaBoost & [AIRETH 5.

Dy(,y) = exp(~yr"*"V) Do(,y)U" (~yFi(2))/ Z:

exp(—y7*"Y) Dy (x, y) min(1, exp(—yF(x)))

Zy
(13)

4.2 Gentle AdaBoost [CX9 2@ U = VWMESE
b

Gentle AdaBoost 13 U(z) (& AdaBoost & [Al U expo-
nential B9 CTH 223, F={f|f: X > R} DL
BB EZ T 5, STy, Re D
greedy 2t {l3 closed-form TR TE %2 k5. %
Z T Gentle AdaBoost Tl Rg & =2 —  VIETHIE
b3 2. Bikmicix, X G) % fi(x) = 0D H T
FEBIBOERL L 7o Loldifb 2479, #iRIZIE Ad-
aBoost & D, DEFIHIERED SV H DD, K (14)
DEIIT fi(x) &y L DEARAE “FIAEIRAN
&9 f BERINS,

fr = argminfe.FE(z,y)NDt [(?/ - f(x))Q] (14)
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HEEZ 119 2 #EEME 515 boosting & LT
1% Gentle AdaBoost BA#HZ H Real AdaBoost % Logit
Boost % EDZEIF 55, L LAads S CTHHH
LTV 5 X 912 Real AdaBoost % Logit Boost 1%, &
B P(+1 | ) D302 LISV X 9 R E BTl
AEFEIWLR>TLED, IS5 IZFAXHENTIX Gentle Ad-
aBoost DMEREIZFEANIZ Real AdaBoost £ & U8 Logit
Boost L [AENZNLL EEBRENTw7, 29 L3
2> & R TIE Fy(o) 258812 7% % X 9 % boosting
F¥ & LT Gentle AdaBoost ZFH L T\ 5,

5 SEBR

AdaBoost THEIGN L & WEHFH % 1T- 7254, FPR
DOHEEIGEETE R WA H 5. T OMEIL 4 i
TZEF 72 AdaBoost D> DD R FEAERK & P
N3, #IZT4fiT5F 7 MadaBoost & Gentle Ad-
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Fig. 1: Box plot of FPRs.
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An Adaptive Structural Learning Method of Deep Belief Network using CXRS8
database and Its analysis of Comprehensive Medical Examination Data

xS. Kamada (Dept. of Intelligent Systems, Graduate School of Information Sciences,
Hiroshima City University )
T. Ichimura (Faculty of Management and Information Systems,
Prefectural University of Hiroshima)

Abstract— Deep Learning has a hierarchical network architecture to represent the complicated feature of
input patterns. We have developed the adaptive structure learning method of Deep Belief Network (DBN)
that can discover an optimal number of hidden neurons for given input data in a Restricted Boltzmann
Machine (RBM) by neuron generation-annihilation algorithm, and hidden layers in DBN. Moreover, a system
predicting a probability of cancer was developed by training the comprehensive medical examination data on
the proposed method. In this paper, the classification accuracy of the adaptive DBN is verified on the chest
X-ray image benchmark data set CXR8. Moreover, the training result of CXR8 is embedded to the system
in order to improve the precision of the cancer prediction. The classification accuracy of the experiment

result is reported in this paper.

Key Words: Deep Learning; Deep Belief Network; Restricted Boltzmann Machine, Adaptive Structure
Learning; Comprehensive Medical Examination Data; CXRS8

1 FC&IC

W4, Deep Learning(EE22%5) 1 2) M A THIBEDO R
a7 IE T T <, RO E UTehRR IS5 TC
R E RS TS, ILSVRC &IN5 Eif§EE D
MR TIE, GoogleNet?) ¥ ResNet?) THIBN S &
21, ARDOREFRES) 2 K& < L[5 Deep Learning
ETIVDHERSN TV S, 1EROBER=2—F )3y
FT—27 L3875 D, Deep Learning TIEEHIZFE D
ThNd T EMNRKERRMDO—DOTHS. FE LI
R EITH T TANT—RCEEN DRz Sl
B, TS OEBORNEZBEICHAGDES T
T, T—REROREZ SN EETERET S22 &N
TZ5.

it % & 7 )V T® % Restricted  Boltzmann
Machine(RBM)®) % #2238 L, Zd RBM 7% [
JEtd 5T & T, mERDFIEREZ S D Deep Belief
Network(DBN)® 2% %. A4, AN7—%ZEMIC
JISCTCHEYIEEZ SNBEN= 2 —u VBN TRENE
Bz pE I A TR 2 MG IO L 2 R A U
T3 8, BETHER, BEANYFI—TT—X
oy b VIS UTRRFIEX D & WD B E 2R
LT3 100, X5ic, RETFEEEFBEZHNCIY
2 MR T — 2 DR R R E N TV 2 R
{2 ST ERRZ T — 2 D ISEA L, #onhet
YT AEESE S AT LR L, 27 Ly M
R ETTHRERZ ERICRME T 5 AT L 2R LT
13), 2T, ANT—%& U TIEREEGRD MR
KEENTVAEWEETE, MRMRET—2DRFEIE
HOBFRENSImOAfEtEZ3t R T2 LN TE 5.
BALDBFRLUIEEAE Y AT L&, BT — 210
T EHHERIINE VT TRL, RADT—RICHT

45

SOBMEL VYD, —RICEREICEN T
BLEZTNS.

WMZT—2Z DT, B X e, —AkoE it
RZBNC T EN TV AERBNEMETH 7280, R
DT —RIHNTEL DT —EZNEMEINTVEH,
FEHEORKICHTZ oV 526N THES5T, ik
BEOHEMBIHEDEN TS, —F, Lok
IRRBOMEZ T — 2 L3850, TS X SRR F
X —27 7 Ak & LT ChestX-ray8(CXR8)') HVH &
NTW5. CXR8IZIE, BEMEFOHETIEEL, fif
ICBES B IKCPRRICBI T IR T NIV G2 5N Tn
%. FTT, KX T, CXR8 THYLIZETIVIC
W72 7 — 2 OIS X Kz 5 2, B OHE L H»
HZBNTOWiEWT—2h bETilzidsiz. 5,
DURE2E U7z Fine Tuning 7% % Z VT, FEEDN
F9 %X SICETIVO Tuning Z17-o72. ZOFRE, W
X AR S =R RE TR T RE R T TV 2 iR
TEl KTk, BoNEDHRBEIC OV TIE
ERAR
2 HBEHEGE Deep Belief Network &

BFEBFE
2.1 Restricted Boltzmann Machine

RBM® &, A[4UE & BRAVED 2 @ SR E NS oy
N — KSR FED, MERAMICHEDVWTANT—X
CEENIRMEREN 2 —a Y FT¥ET R LN
T&%. RBMO¥E TR, 526N A7—2IcHk
LT, Q) DR I)VF—BEZ RN 535 X %
0 = {b,c, W} Wi HEEIC I DRDENS.

E('v,h) = — Zbﬂ}zfz cjhjfZZviWijhj, (1)
% 7 i J
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p(o,h) = 2 exp(~ (v, b)),
Z = Z Z exp(—FE(v, h))
v h

CCT, v ZiBHOAHZ 2 —11, h; & j HEHD
FERN=a2—Ba>TH5b. b & v ITHT BT X%, ¢
Ci hj 615(9‘3“%/?’3)( 7, Wij Ci V; & hj Fﬂﬁo)ﬁg}‘(%
%. ve{0,1M & hei{01} FZENZTNaHELR
NWEONRY MIVTHO, TE JEH-a—a %, 3
N=a—a fThs. KX (2) IFASTv & h DR
fiTH%. 1 (3) D Z I35 HlBIEYL (partition function)
THYH, v&hDETD2{EDINZ— YDA FDLYE
T BTV F—72Rd. —fRINIC, RBM TIEEHE
BO#EIM S Contrastive Divergence(CD) 7 19) 1 &
5P MTbNns.

2.2 Deep Belief Network

Deep Belief Network(DBN) (&, HF#iZEEz11-7z
RBM A ERD T & T, AT —Z ORI
JEINC2EE S % T LT E % Deep Learning 1A TH
% 9. DBN H{AlZ RBM ZRAERIZETIVTH S
DY LFEETIVTH BN, & ENEcEE
Mz, V7 b=y 2ESckoeEanztme s
B35 & xR/ MET 2 T & T, Hbilid D 2B
M T &% (Fine-Tuning).

2.3 Za—OVER/ER7ZIVIY AL

KL, BEf=a—I)bxy hT—=2IcB T3 X
Bk OFEICHETE, RBM OFEHICHB W CRES
BN 2a—na VB EHITRD S Za—a VK THE
% RV N Y | SR | W EE A S e NG
W3, Za—uaYAERIE, FEPCET %85 X &
DEMTHDINTITbNS. HlZE, 28T —&icx
LT HoaoEh=a—a b, —Bmicy
ENEBICONTEANY MIVOEF/NE EHIC IR
%. —JiT, NIARDEFMICR LN EEIR, %
BT =23 d % %y =T OXRBGENHAE LT
BY, TR (MR Zhin=a—1 Y
FTRIE DB TETOARNWT ENFEREZEEEZ BNS.
COXS A, BHTAMEICEN= 2 — 1 V2
ANTBHTET, ZLORLTT— 2 ERETESLE
ZbN, FENRT 5. HL2OHFETIE, RBMD 3
DDINT ARG = {bec, W D55, CDEICKDE
BHOPHICERL TWE8T A X E e & W L LI 19,
TD2DDINT AZDEHEND, = a—1 VRS
7l (4) IRT XD ITEE LI 19,

WD,, -WDyw, >0g (4)

CCT, WD.,, WDw, 3ZThZh j HHOREN=2—
OYOIRTAREERCET 2 WD THO, ZOFHE
THEC DOV TIESHR D IRENT VS, g BERET
FHEZ25N%. FHPCK (4) Ziil TR 2 —
O YIMEES 2854, Fig 1(a) DX I, Y47 55
NZa—aYOREFCH LN a—a R ZDEME (8
T ARREARDE) ZMEKT 5 XS ICHIAINS.
—7i, ANTF=R2H LT HaEBolRh=2—n1
UV E NI, TDS BIHINICHES L TOARY,
EOBIIERMEZ T RN =2 —a Y DMFEET %
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hidden neurons

hidden neurons

visible neurons visible neurons

(a) Za—m K

hidden neurons

visible neurons

visible neurons
(b) = 2—11 it
Fig. 1: i) RBM

BEND S, #HEEIGR RBM T, —EDEE D%,
N (B) ZHiZzT RN 2 —a UBEET UL, Za—
OV V3D ALZ@EHL, 243 5N 2—
0> 7% Fig. 1(b) DX SICHET . X (5) TlE, X
TOANT—=RHT BN 2 —1a O SEDF
Bk L, ZOMN—EDBEL TO=a—1a 2k
NEG=Z2—a>elL, ThZHIRT 5.

N

1

" phy = 1fon) < s, 5)
n=1

plhy =1lvg) = obj + Y Wijv;) (6)
T, v, ENHOATT—2ty McEENS A
NT—=2TH%. phj = 1|v,) i& RBM OAHEICA
N7 =% v, DEASNIEEDRN=_2—1 2 h; €
{0,1} DFNIEHREZ/RL TS, TTT, o) iZ¥7E
A REET [0,1) ZH 1T 28 TH 5. 041, Tl
FERC BT B 0 KRS L HIBR S 2 = 2 — 1 > OIEEAE
ZELLICHEE LTTOEATL.

2.4 BOERMEE

MOEES RBM BT = a—a VKTV
ZLTIE, PO WDUST AR ¢ & W DEL) %
B L T=H, Wh&#EsA DBNO T, 4 d RBM
T3, v hIT—=I2kD WD & Zx)VF -7
(7) &2 (8) THI Lz,

k
Z(QWD - WD') > 0L,
=1

(7)

k

Z((XE . El) > 9L2

=1

(8)

T, WDl =Yl (WD! -WD}, ) THb, WD,
L WD, 3ZNZNIEHD RBMICHIF 3 ¢; & W)
B9 % WD Z/RLTWS. ENET 3R VF—PIET
H%. O0r1, 02 ZBHET, THOLEAEND. HEEkE
D RBMIZBWTICI (7) MUK (8) Z[RINFICTifi 729 55



Table 1: CXR8 DA77 3V

Tk [
IEH 1EH: No Finding 60,361
s FEARK © Mass 5,782
eI T Nodule 6,331
IFEEARZAS © Atelectasis 11,559
s OIEK T Cardiomegaly 2,776
e 2O 7K - Effusion 13,317
=4 © Infiltration 19,894
¢ © Pneumonia 1,431
%M © Pneumothora 5,302
ik | 112,120

ROC curve

0.8 -

—— No Finding
Atelectasis
Cardiomegaly

——— Effusion
Infiltration

—— Mass

—— Nodule

—— Pneumonia

Pneumothorax

0.2-

0.0-

0.4 0.6 0.8 1.0

1-Specificity

Fig. 2: ROC Hhfi

&, ANMT—=2IHT % 300y v —7 2RO ELIRE
MARELTWS EEZ, kBOEHNE T LIRET,
E+ 18D RBM Z4ERK L, ZE%E1T9.

3 #EBE&EEGE DBNIck S CXR R X AN
VFI—VERDSE

“ChestX-ray8 (CXR8)” 1, k' Ic K> TARE
NTVBIE X FREIGROR Y FI—V T AN TH 5.
30,805 NDEE D SIEE U7z 112,120 O RHEE X b
BHAEENTED, Table 1IT/RT XIS, HHEIRIZ,
EHITNIVKRU 8 ORI N)VICFiEhs. C
N5O §FIHO I S N)LDHITIE, FEICEE# T B 5E
RELT, “Mass” & “Nodule” BVEZRENTWS. &
B, £ 112,120 DT —21X, FET—% 86,524 fifl &
T A R T =% 25596 Hlc FOREETNTVS.

FRTHEOREEGA DBN % W T CXR8 D2EH
Eiiolz. MEFEOFEHINT A 2L LT, AldD
# T2 Stochastic Gradient Descent (SGD), “#E %
B 0.01, N\ FPA 100, FEORANKEREAE
500 [a], WIIFEN= 2 —na V% 300 & LTz, M
JOAI RBM D285 A2 L LT, 6g = 0.050,04 = 0.100
L, WS DBN O/8F AZE LT, 0 =0.1,
0o =01, L% TNHEOINTXARZOMIE, TlRFEER
DIERIC K ZREBDHAEDETHS.

Table 2 1%, 7 A b7 —ZOFIEIRITH S 2 73 e L

0.2
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ZRLUTWA. Table 2 D “ResNet-50” & ResNet? &
MEIN B ZEET IV ERWIRETH . O
MBI SCHR M IS E N TV B DY, ResNet & HEEL T,
RETFEFETOIER T ANV U TEW D SERE x
IRI T EMWTET.

Fig. 213, #EEFEOFIEIRT NIV FHRERITHT T
% ROC(Receiver Operating Characteristic) HHfig7z 7~
LTW5. ROCHEFRE X, fefhic, Mzt
CTFHT BHFETH S Sensitivity, Hiflic, [EHEEHE-S
TRt & T 2% TH S 1-Specificity Z 71w b L
TR TH 5. ROC HiFR & Kl & Al <A & N 7z ik
MTEBRIRKRZVEDIFERVWETIVTHS. ik
MZEIRENTUV S ResNet O ROC {ifg & LE#E L C,
Fig. 2 ® ROC HiFRD /5 H, HAEIRICH U TRWIEE
ZRLTW5.

IHIC, XHR D) TREIN TV S HEES TiEE
FIWT, Fine Tuning Z{T>7z. Fine Tunig i XD,
CXR8 DFIEIRICH T 2 P I E B % LTz, R
IZ, 1IEH (No Finding) & ¥ (Z Ofth) OlfifLRAS
(Atelectasis) I BFEFEMNRE <A L, RTOIE
RZ ANINTH LT 0% D FaRG g Z /R LTz,

4 CXRZRAWRZT—2DETH

Bald, [RBRESRERS 12 h ot hize
AW T — 2 2 VT, fEonfEMEZz Fllg % v
AT LZHELTWA., MELxy NT—21F, T
AR T—=2ICH U 95.5%DEWKETTFHITE TV
1B), zcTi&, ANT—%E LU TEERGESZ 50
BAETE, HGROVFANGR 25252 LT, IR
FREE 7 — & O FLE T H O BRI S 3 O T REM: 2 T
LTWa. X7z, Fig. 3ITRT XIS, A1EN/Hi2
T2 SIEORENEZ FHTH 2T Ly b AV Z—
Tz —AZHFEL, TOMRZERMICREMT S AT
LZ2HEEL T 5.

SHIT/RUIZE SIS, RS DBN (& CXRS IC
FUEWAEERE R R U, A T, CXR8 T
BLIZETNVZHANT, #OHERREIEGEZ 5N T
RN DS T — Z OISR X ARG S0 Tl 72
fiole. BT —21%, [KESREREFRERS 2 Hh o
HENTEMREREEW T — 2 Td 5. 2012 F05 2015
D 4 ER]T, 118,165 ADGLERTH D, — RIS fEFE
FZWNTEZEN TS X MG &, wRZIcTEn
TWAIEE CT Wi b 5. fEiasid, —RMIC R
ZWNCEWTEED S > TGO EME L LTiTh
N3z, M CT WO T — 2 KNI R X KRR D
T — R LR THieD TA7aW. iz, B X Rimmifg:
WIXFEDHIEICE T BRI 52 DN TWRL.

Table 3 (&, CXR8 CTH#ELIcETIVICHZ T —X
DO X #7252 TR 2R L TWS. &7 —4
WIRL, IEHEETUENTZEEGE 86.0%L7%%D, e
FTHENZEEZ1.0%EEoT. FEEETH SN
DI OFEE (Z D) I THIE N IEIGIE 13.0% & 755
7z. Table 4%, Table 3 D FHIFERDOEZIAICHT S
FEEZRLTWA. IEH, BE (Zofth) ICtNT, %
() IS A REEMEL 2o TV A BIHIE, e T
HX NIz 1,298 DT —ZDHIC, M2ICB W TEMRH
EHEINTVEEDD, WZZZT TWERNT —
RIN—TEENBTDTHB.



Table 2: CXR8 D/ %Eks &

Accuracy
K ResNet-50 [ DBN | DBN(Fine Tuning)
IEH 1E%: No Finding - | 87.0% 90.4%
| JEIRK D Mass 56.0% | 94.2% 95.0%
" BRI T Nodule 71.6% | 98.7% 98.8%
HPEFEAZE © Atelectasis 70.6% | 81.8% 90.5%
i DK T Cardiomegaly 81.4% | 99.5% 99.5%
B ZOf 7K T Effusion 73.6% | 99.6% 96.8%
Filii=H © Infiltration 61.2% | 95.2% 96.3%
fifiZs © Pneumonia 63.3% | 95.8% 96.0%
S - Pneumothora 78.9% | 95.9% 96.9%

Table 3: CXR8 T2 L7=T 7 VIS BRI ORES X fRE{R % 5. 2 Tofs 5

TH | FllENTeT— 28] aaf

W 1E#: No Finding 111,642 (86.0%) | 111,642 (86.0%)
. FEARK - Mass 519 (0.4%)

FEIR/IN T Nodule 779 (0.6%) 1,298 (1.0%)
FFPETRANE © Atelectasis 4,207 (3.1%)
2 DEK T Cardiomegaly 2,337 (1.8%)
| 2o Jf/K = Effusion 4,147 (3.2%)
I Infiltration 2,277 (1.8%)
filiZ¢ © Pneumonia 1,508 (1.2%)

% - Pneumothora 2,428 (1.9%) 16,907 (13.0%)

&t [ 129,847 (100.0%)

n»;uﬂ‘

BER HIRRS. i
Astinvar AT TS ML Im“!suur AR CHRDREDHEE T S,

WRERER
< WEE

B i
AW L 2
HADHRAED
HADRLBY
HADEL T
< WIS

A E (2
LLET b
A
HAGTRAST
HASBIRY
HADEL s

Fig. 3: [RERZWSHES AT L

B X KR {%b\E/XTALLCkDI“}:T{EIJémt
T—2I%, 12981FH b, DB, HERITHERZZ
T —2E, EREZZZT TRV T =21, %m
ZN 91018, 388 hd -7z, WML ZEZT T2 910 {0
98.0%75*%%3@)@’@%5 XARCBOTERAE L FEENT

—JT, BRELHEINTVLSDICEEDS

9, Eﬁﬁ 27 2T TN T — 23 252 1F (65.2%) 3>
Te. £le, YATLTIETIENTZD, FEEDOMRES
XHUCBWTIER EHE SN, W22 Thian
T—213 136 { (34.8%) boTz. TOT—RZFEL
& T A, 136 fFH 91 14 (67.2%) 1&, FEEROMH X 47
IKBWTIEEH EHEIN TS EOD, ERIOATRIC

BOTREGEFICETSaAY MG ENTED, 5
BOREBIEIC BN TIHENREIR T — 2 TH 5.

VAT LMEETRIL, JE2EZ T T 910 tFDT—
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20T U, FEh X AROFERER (BRRE - IEH) LIk
ZOHEAER (- JE TRV OREZHREE LIz T3,
FERDOMGE X FRER CIER L HEINTWVSD,
BOWR, WTHoTleT—2hBtrH -7, TOREHE
IZDWVWTE, T—2E3 Do, Effiok 2—< >
II—ICX2HETHEHHEREEZ NS, Fit,
VAT LICEDEEE FHIE N, EEOHEE X i
THEMRE L HEENED, BRZOME, BThh-
Te7— 213 339 1 (38.0%) o 7z. EEROWMZ 22
P TREEHEINTOVREEN 451%TH ST é:
M5, T038.9%& WV B ZNUE ERWEIE T
TNEEZBNS.

AFEERTIE, CXR8 DAFHICHIT B Mass(JEIKK) &
Nodule(JEIR/N) 2o L ELR L TS, AT LD \iﬁ
MEHEZIE LIz& T A, Mass ICHERT, Nodule 277
I N T —2BD T HERNZ WA, —75 T, Mass
DFFH, W X SREGROHE CEMEA L HEE N, H
BRICHERMGS 22 T8I 20, T, Nodule I,
FERDOHER X FRCIBWTIER L HESNTNEDICE
b 5T, W EZI TSR, BiEolzr—ANES
Nic. AT LOGFEMRETCHKRLIE A, VAT
LOEE FHIL, JMGZORMR, ERICE Th 128G
&, Nodule IZHEART Mass DAE L&D, ZFORUEIZ
Nodule 7% 43.8%(228/520), Mass h' 85.4%(333/390)
Thotz. FUMUIAERITHT 2EEORZE Z UL,
Mass DHZzHE 8 LT FIWREEIE LA S, Nodule &
THE N EHIE SN E —ER N B T e, il
HOBRIEIFNL—FATTHBEEFR 5.



Table 4: ¥ AT LOTHERITH T 2 5% E

Par | ‘ TSNz 7 — 28 ‘ I FERG R ‘ Fine Tuning
1B 111,642 91.3% 91.8%
BUH () 1,298 43.2% 47.0%
BUH (Z Ofth) 16,907 88.2% 90.4%

R X AR R S LIV O & Tl E Nz T —%
B 16,907 72572, D 16,907 HFDOT—RICH LT
X, 98.2%WEMZ T TWRWD, Bz,
MO EHEISNIeT =2 atEH o7z, TD 4
DNT, KKRETHBZT— R AT LD RATE
Eholcfilchs. ki, YATLOTHRERTIE
WETHEINRT, FBRIETH-FHER LGN
Thoiz.

CXR8 LFIFRIC, MizT— X DFFICH L TE, Fine
Tuning Zf7->7z. Table 3 IT/RT X I, FIEIRIC
X U TE% o BakEE D M L7z, Fine Tuning IC X D,
1)Fine Tuning §i CI& T AT LAY EiR> TV HIL 72
FHA, Fine Tunine &IC, WETHEWVWEILELL FIHIT
XBHEX ko7 — A, 2)Fine Tuning #i TiE A
T LMWETRWERRS TTHIL7ZEHHIAY, Fine Tuning
BRI, BTHHEIELL THITES LA Ter—
AWEBNT. EREUT, W2 Z2 I F | of
T, W2 THTERIED 99.8% M5 99.9%I 1
Zlz, Fiz, YATLICKOEE TSN, EE
IIEHE TR > T2 B 38.3% 0 5 28.9%IC A Lz

5 HbhYWIC

AWFE TR EEORESE W I#iaHNaET IV TH
% RBM, DBNICEHL, ZEHRICZ a—0 D4R
SRR OBEBIL 21T S T & TRl % R 50
SR DBN ZHE LTV, B LEETIVEE
B2 T — ZIHEA L, WEOREENZ Tld % EEY:
VAT LEFEL, 27w MK ETTlRERE
EATCIRAET 2 2 AT LR L TS, KR Tld,
Wl X ARERDOR Y F<— 27 T A b CXR8 TH¥E LI
FEFZEHETIVEROT, @BEORZT— 2 DS X
FRERO N EEZIT > T2, CXRY T LI EEE €
TIE, 0% EOEWHERTROERE S TET
Wb, XYFI—=TTANERWEY AT LS K %5
fHOFER, 1ZEAEDTr—RTHENT, BT HU A
T LOFHIFER & EARC X 2P 3 — L T\,
— /T, YATLMEEHEL, ABIXIER &HEL
Ter =A%, Wi, YATLZIEFEEHEL, AR
FELHE LI — AL DR VWENERATE. T
Ko EfEROFICIE, La—~F YT o—Ic X BEMD
AHEORREN L EENTE D, SHROBIRAEN S
WCehDd. T, YATLRERICED, Ed &
EENICEEDLT, HERICIIMEMREZZIT TV
TOVWEBEEN—EBH OGN DX Rr—ADHIC
&, EBRICIZETH2HFHEFTEN TS AREELE
ZAbN%. KEEBROHERE LT, MBREDDEM
BHEOHUEDHR UG Z BN TWIRWIE X AR5
5, WEOFMNEZ T 2 EREIC R o Tz,
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A Study on Self-Structured Cortical Learning Algorithm

xS. Suzugamine T. Aoki K. Takadama and H. Sato
(The University of Electro-Communications)

Abstract— The cortical learning algorithm is one of time-series data prediction algorithms based on the
human neuro cortex. The cortical learning algorithm uses multiple columns to represent input data, and
each column has multiple cells to represent time-series pattern of input data. The numbers of columns and
cells are user-defined parameters for the conventional cortical learning. Their appropriate parameters depend
on input data. However, characteristics of input data are generally unknown before the learning. To avoid
the parameter settings of the number of columns and cells, in this work we propose a self-structured cortical

learning algorithm which dynamically adding columns and cells according to input data.

Experimental

results using test time-series data involving a sine wave, its combined one, and the logistic mapping of Chaos
show not only the proposed method can dynamically struct columns and cells depending on input data but

also the prediction accuracy is also improved.

Key Words: time-series prediction, cortical learning algorithm

1 FL®IC

IKR5 T — &% % PRI B REE R R, RO K
WF R EEETMELEGTH S Y. BEERHE R
ZHBALLAZT7 LT LD 1 DI KN RE 7 LT
) X 2 (Cortical Learning Algorithm, A CLA)? 3)
M 5. CLA DFHME, RO I LE, HHEOX
VIZE > TR E NG, £hF7501%, EEOEILVEN
Wb, £z, BHhI L, BEOANT—R2EY b
DRy FTRA%ERED. BT L1E, ANF—XEy &
D F T AR & o> THRMIREIZ 2D, EEOD
LDEMNRR =N Lo T ANT =R 2HRKBT S 49,
Fz, LR LVOMIZHYF T ARy MU= 0D
D, TOBRIZE > TRILDOREZEBRSELI LT
ANT — R DEERINNZ — > 2 KB FHIT 5. BERT
e LT, fEkD=a—I 3y 7 =212 DR
FFHEFNVTHBY ALY h=a—F )b ry N T —
2 0) PRI (Long Short-Term Memory, BT
LSTM)?) 2% 5. Zhsics\nwTl, ¥F 723y b
U — 2 ZWET 7212, FHE IR MIhr 5 Rl E
FE B ENEREDN, CLAZ, YF7Axy b7 —
I &R RT VT ALTHETE AN D L. b
ABlE LT, BEBRMAOWEMS Kb, /-, &
7 —FHPDORRIIFHIZHWT, CLA IZLSTM &
DEWTHKEEZRT I eRBESINTNS Y. CLA
X, BERERFTHTLIY ZLDV0EDTIEH S
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