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A Study on the Estimation of Plant Height Using Image Sensing

xS. Arakawa, T. Yoshida, J. Kitazono, S. Ozawa, T. Fukao, T. Okawa (Kobe University),
N. Murakami and H. Tsuji (National Agriculture and Food Research Organization)

Abstract— In this work, we propose an image sensing method to estimate the height of agricultural plants.
In the proposed method, several images are taken by moving a digital camera attached to a single-axis
robot. Then, the two consecutive images with a plant tip are automatically selected and the plant height

is estimated from the two images based on the triangulation.

Here, plant tips are detected using SIFT

keypoints. In the experiment, we estimate the heights of plants with several backgrounds. When the shape
of plants and the backgrounds are relatively simple, the proposed image sensing method can measure plant

height accurately.

However, when plants and background have complex structure, the proposed method

could have large estimation errors mainly due to the misdetection of plant tips.

Key Words: smart agriculture, image sensing, plant height estimation
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Fig. 2: Local extrema detection.
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Fig. 3: A keypoint descriptor.
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Fig. 4: Single-axis robot.
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Fig. 5: Camera and the angle of installation.
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Fig. 6: Calculating the height.
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Fig. 8: Sample Objects and their heights.

Table 1: Error between the true value and the esti-
mated value.

L [mm] | F [mm] | € [mm]
1050 1041.5 3.9

4.2 EBRER
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Fig. 9: Corresponding keypoints.



Table 2: Estimated value and the error of various
plants.

(a) Object 1 (L = 1050 [mm]).

\ Direction [ Aq \ B1 \ [Of} \ D1 |
E [mm](AMII) 1001.3 | 1042.5 | 1035.2 | 1048.4
€ [mm] 48.7 7.5 14.8 1.6
E [mm](PM2) 1017.2 | 1035.6 | 1036.9 | 1030.2
€ [mm] 32.9 14.4 13.1 19.8
E [mm](PM4) 1021.0 | 1038.3 | 1035.8 | 1043.1
€ [mm] 29.0 11.7 14.2 6.9
(b) Object 2 (L = 950 [mm]).
\ Direction [ A2 | Ba | Co [ Dy ]
E [mm][(AMI1) 896.9 | 1169.2 | 912.3 | 1244.0
€ [mm] 53.1 219.2 37.72 293.9
E [mm](PM2) 997.3 | 891.9 | 943.4 | 1029.9
€ [mm] 47.3 58.1 6.6 79.9
E [mm](PM4) 989.7 | 919.6 | 892.6 | 922.6
€ [mm] 39.7 30.4 57.4 27.4
(c¢) Object 3 (L = 800 [mm]).
\ Direction [ A3 | Bs Cs | Ds ]
E [mm](AMII) 1073.0 [ 1017.1 | 807.0 [ 1177.9 |
€ [mm] 273.0 217.1 7.0 3779 |
E [mm](PM2) 1026.1 [ 1003.8 [ 1143.5 | 1162.6 |
€ [mm] 226.1 203.8 343.5 362.6 |
E [mm][(PM4) 1111.6 | 945.6 | 1209.6 | 1117.0 |
€ [mm] 311.6 145.6 409.6 317.0 |
(d) Object 4 (L = 1200 [mm]).
[ Direction [[ A4 [ Ba [ Cs [ Dy ]
E [mm] 1184.3 | 1114.0 | 1101.6 | 1175.5
€ [mm] 15.7 86.0 98.4 24.4

Table 3: The rate of success.

[ [[ Object T [ Object 2 [ Object 3 T Object 4 |
[ ¢ [%] 1] 100 \ 58.3 \ 8.3 \ 50 |

ZENDNB.
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(a) Object 1 (Direction Dy, AM11).

(d) Object 4 (Direction Dy)
Fig. 10: Difference of objects.
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(a) Object 1 (Direction Dy, AM11).

L4

(b) Object 1 (Direction Dy, PM2).

(c¢) Object 1 (Direction D1, PM4).
Fig. 11: Effect of lighting conditions.

(b) Object 3 (Direction Az, AM11).
Fig. 12: Effect of small-scale noise.
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Fig. 1: The structure on the first floor in the school building.

Table 1: The number of the student that moves to

the next class in each break time.

Al x ] x| x] & ]+]
1-2 || 2,247 | 2,324 | 2,187 | 1,915 | 1,971 | 799
3-4 || 2,202 | 1,689 | 2,015 | 1,810 | 1,780 | 810
4-5 || 1,506 | 1,494 | 809 | 1,232 | 1,256 | 382
5-6 T 588 324 774 658 64
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Fig. 2: Example of structure of a floor in school build-
ing.
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Analysis of Power Consumption Data by using Neural Network

«K. Omomo, Y. Kaneda, Y. Kobiyama, Q. Zhao (University of Aizu)
and M. Taya (KDDI R&D Laboratories)

Abstract— We want to establish a technology to estimate household structure or at-home situation, by
analysis of power consumption data, indoor sensor data, and at-home situation data. If it was established,
We would provide information related to saving power to the residents, or provide services for elderly persons.
The first step of this research, here we confirm whether household structure can be classified based on only
power consumption data. If it is possible, device costs are reduced.

Key Words: Power consumption, Neural network(NN)
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Table 3: Results of error.
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Table 4: Results of accuracy.
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New Rule Generation from Multiple Patterns in Fuzzy Genetics-based Machine Learning

* K. Watanabe, Y. Nojima and H. Ishibuchi (Osaka Prefecture University)

Abstract— In genetics-based machine learning for classifier design, an if-then rule is often generated from the
randomly-selected pattern in the training data. Since the generated rule is usually specified for the selected pat-
tern, some attribute conditions are randomly replaced with “don’t care” conditions in order to generalize the
rule. To generate more appropriate rules that can cover several patterns, we propose a heuristic rule generation
method from multiple patterns. We apply it to Michigan-style fuzzy genetics-based machine learning and ex-
amine the effect of the number of used patterns in the heuristic rule generation on the search performance.
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Table 1: Four data sets used in this paper.

Data sets #Patterns  #Attributes  #Classes
Glass 214 9 7
Heart 270 13 2
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Table 2: The error rates on the training data of Glass data set.

N Selection a Selection b Selection ¢
combi Type A Type B Type A Type B Type A Type B
Standard 25.39 25.24 25.39 25.24 25.39 25.24
2 24.95 22.35 24.57 21.84 24.25 21.71
3 26.00 24.60 25.12 23.20 25.30 24.33
4 26.55 27.45 25.87 26.08 25.70 26.28
5 26.87 31.11 26.51 30.99 26.07 28.52
10 27.15 40.07 27.17 42.30 27.13 39.74
Table 3: The error rates on the test data of Glass data set.
N Selection a Selection b Selection ¢
combl Type A Type B Type A Type B Type A Type B
Standard 36.80 37.21 36.80 37.21 36.80 37.21
2 36.78 36.31 36.75 35.59 37.08 36.44
3 36.97 36.77 36.64 35.86 37.70 38.99
4 36.97 37.03 37.95 37.20 37.66 39.75
5 37.39 39.66 37.35 40.79 37.52 39.88
10 37.45 43.43 37.94 46.39 37.84 4526
Table 4: The error rates on the training data of Heart data set.
N Selection a Selection b Selection ¢
combi Type A Type B Type A Type B Type A Type B
Standard 9.44 8.91 9.44 8.91 9.44 8.91
2 10.20 9.38 10.30 9.69 10.85 29.70
3 9.80 9.86 10.05 11.70 10.78 19.12
4 9.76 10.57 10.08 12.91 10.50 12.79
5 9.71 11.01 10.12 13.99 10.29 11.74
10 9.76 12.86 10.39 17.42 10.16 14.09
Table 5: The error rates on the test data of Heart data set.
N Selection a Selection b Selection ¢
combi Type A Type B Type A Type B Type A Type B
Standard 17.68 18.10 17.68 18.10 17.68 18.10
2 18.79 21.22 18.84 22.64 18.68 48.00
3 18.12 18.61 18.94 21.96 18.86 38.00
4 17.72 18.14 18.62 20.74 18.73 30.81
5 18.00 17.46 18.26 20.52 18.98 25.38
10 16.64 17.05 17.52 22.05 18.27 19.73
R R - g .
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Table 6: The error rates on the training data of Pima data set.

Noows Selection a Selection b Selection ¢
combt Type A Type B Type A Type B Type A Type B
Standard 29.19 29.45 29.19 29.45 29.19 29.45
2 29.07 30.33 29.17 30.13 27.13 24.61
3 29.64 32.65 29.60 32.63 27.21 26.45
4 29.70 33.93 29.69 33.89 27.69 26.68
5 29.73 34.46 29.73 34.41 28.37 28.55
10 29.77 34.89 29.77 34.90 29.61 33.66
Table 7: The error rates on the test data of Pima data set.
N Selection a Selection b Selection ¢
combl Type A Type B Type A Type B Type A Type B
Standard 30.08 30.46 30.08 30.46 30.08 30.46
2 30.03 32.18 30.02 31.93 29.30 28.17
3 30.39 33.63 30.47 33.49 29.47 29.82
4 30.42 34.30 30.44 34.30 29.79 30.00
5 30.53 34.64 30.49 34.59 29.98 31.54
10 30.51 34.89 30.56 34.89 30.48 34.53
Table 8: The error rates on the training data of Vehicle data set.
N Selection a Selection b Selection ¢
combi Type A Type B Type A Type B Type A Type B
Standard 32.55 3343 32.55 3343 32.55 33.43
2 33.12 33.50 33.16 33.44 33.28 31.83
3 33.17 34.51 33.18 33.58 33.22 31.72
4 33.09 35.41 33.24 34.37 33.15 32.08
5 33.09 36.06 33.12 34.89 33.11 32.02
10 33.16 41.24 33.15 38.53 33.36 32.55
Table 9: The error rates on the test data of Vehicle data set.
N Selection a Selection b Selection ¢
combi Type A Type B Type A Type B Type A Type B
Standard 35.06 36.17 35.06 36.17 35.06 36.17
2 35.74 38.12 35.80 37.99 37.57 38.56
3 35.70 37.96 35.57 37.59 37.46 38.24
4 35.63 38.41 35.92 37.49 36.91 38.21
5 35.42 38.70 35.59 38.08 36.70 37.80
0 35.35 43.16 36.00 40.33 35.95 36.60
&35 3k
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Parallel Distributed Implementation of Multiobjective Fuzzy Genetics-based Machine Learning
*Y. Takahashi, Y. Nojima and H. Ishibuchi (Osaka Prefecture University)

Fuzzy genetics-based machine learning is one of data mining techniques using evolutionary

computation. By applying it to numerical datasets, we can obtain fuzzy rule-based classifiers, which are accu-
rate and linguistically interpretable for human users. However, there are two major problems. One is that it is
impossible to design the classifiers with the highest accuracy and interpretability due to their tradeoff relation.
Evolutionary multiobjective optimization algorithms are often used to obtain a number of classifiers with the
different tradeoff between accuracy and complexity. The other is the heavy computational load when this
method is used for large datasets. In this paper, we apply parallel distributed implementation to the multiobjec-
tive fuzzy genetics-based machine learning to overcome the latter problem, and we examine the effects of our
parallel distributed implementation on the search performance through computational experiments.

Key Words: Fuzzy genetics-based machine learning, Parallel distributed implementation, Multiobjective opti-

mization
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Fig. 1: Fourteen kinds of fuzzy membership functions.
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Fig. 2: Our parallel distributed implementation.
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Pursuit Problem in Real Number Environment by Agents with a Staged View
— Capturing the Escaping Prey with a Staged View

xTakahiko Yamaguchi

Abstract

Motohide Umano

(Osaka Prefecture University)

A pursuit problem is a multi-agents’ benchmark problem, where four hunters pursue

and capture the prey in a cell environment. We have proposed a staged view that reflects a human’s

view where we can see an object easily in the neighborhood but more difficult in the longer distance

and easily in the center direction but more difficult in the righter and lefter directions in both cell

and real-number environments. We showed that hunters can capture the prey even with the staged

view by fuzzy Q-learning. In the research, the prey selects actions randomly without any views. It

is, however, natural that the prey with some view escapes from hunters. In this paper, we introduce

the prey with a staged view selecting an escaping action by fuzzy Q-learning. We simulate this

problem and compare the result with the previous one.

Key Words: Staged view, Pursuit problem, Fuzzy Q-learning
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Application of Fuzzy Q-learning with Two Tables to Car Racing Game
— The Learning Method to Pass Next Waypoints Efficiently

«K. Sakaguchi and M. Umano and H. Tachino (Osaka Prefecture University)

Abstract Car racing game is a game of computer programs in IEEE CEC 2007 Car Racing Competition,
where two car agents compete with each other for passing through waypoints in a two-dimensional real-
number plane. In a competitive game, it is important for a car agent not only to pass through the current
waypoint quickly but also to pass through the current waypoint so as to pass easily through the next one. We
have applied a fuzzy Q-learning with weighted two Q-tables to a car racing game to learn such two different
actions. We hava simulations for various weights of Q-tables and show results.

Key Words: Fuzzy Q-learning, Car racing game, two Q-tables
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Expressions of Time Series in Natural Language
with Global Trend and Local Features

— Taking Oscillation into Account for Fuzzy Intervals
in the Temporal Axis

«T. Iwaasa and K. Takahashi and M. Umano (Osaka Prefecture University)

Abstract— We have many kinds of data of time series, which are understood via linguistic expressions by
humans. We have proposed a method to express their global trend and local features in a natural language.
In the previous research, we proposed a method to define fuzzy intervals based on the big turning point
by grouping the adjacent segments of the small difference of values. However, it may define fuzzy intervals
that do not suit the tendency of oscillation of time series. In this paper, we propose a method to group the
adjacent segments of the small weighted average of the difference of values and difference of amplitudes. We
show that this method defines more appropriate fuzzy intervals.

Key Words: Time Series, Oscillation, Expressions in Natural Language
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Expression of Time Series in Natural Language
with Global Trend and Local Features

— Adjustment of Parameter of Triangular Moving Average for taking Oscillation

*Y. Shimano and K. Takahashi and M. Umano (Osaka Prefecture University)

Abstract— We have many kinds of data of time series such as stock prices. We understand time series with a natural
language. We have proposed a method to express a global trend and local features and oscillation of time series in a
natural language. For large oscillations, we have proposed a method to express global trends and local features of local
maximums and local minimums of differences between the data and their Triangular Moving Average (TMA). In order to
express oscillation adequately, we need to adjust the parameters of TMA for the difference between the data and TMA to
be symmetric with respect to t axis, we present expressing its outline more adequately by simulation.

Key Words: Time Series, Global Trend, Oscillation
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Exclusive Item Partition in Fuzzy Co-clustering
Based on Multinomial Mixture Concept

«T'. Nakano, K. Honda and A. Notsu (Osaka Prefecture University)

Abstract— A fuzzy co-clustering model was constructed based on multinomial mixture concept and have
been proved to be useful for such object-item cooccurrence information analysis as document-keyword anal-
ysis and purchase history analysis. However, the conventional fuzzy co-clustering model adopted exclusive
partition penalty only for object memberships and could not consider exclusive item partition. In this paper,
a novel clustering model is proposed, in which an additional exclusive partition penalty is utilized for item
memberships, and the characteristic feature of item exclusive partition is discussed through several numerical

experiments.

Key Words: Fuzzy clustering, Multinomial mixture models, Exclusive partition
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A study on effect of search point network in evolutionary algorithms

xS. Sakai and T. Hatanaka (Osaka University)

Abstract— Recently, evolutionary computation families are used to find a solution of complex problems.
Particle Swarm Optimization(PSO) is a member of such methods that is implemented in simple but has a
powerful search ability. However, a theoretical aspect of search ability is not enough studied. In this study,
a condition of reaching consensus in PSO particles is considered. From this viewpoint, we have examined an
effect on search performance of a particles network for example a ring topology and a random graph of PSO.

Key Words: Particle Swarm Optimization, topology
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Table 1: Topology used for an experiment.

Topology Particles | Average degree
Fully connected 20 19
Ring 20 2
20 0.7
Random(0.05) 40 1.6
60 2.57
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Fig. 3: The f(z) and f(I) of PSO of the Rand.
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Fig. 4: The f(z) and f(I) of PSO(40 particles) of the
Rand.
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Fig. 5: The f(x) and f(I) of PSO(60 particles) of the
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Generic Object Recognition Using 3D Point Cloud

and Its Application to Overlapped Objects
* Y. Hosoi, T. Takahashi, M. Suzuki and S. Aoyagi (University of Kansai)

Abstract—

A method for generic object recognition to categorize objects such as desk, chair, etc., has

been already proposed by authors, in which the point distribution data and the region size data of width,
depth, and height are considered. However, two (or more) objects close to each other are likely segmented
to one overlapping region. To address this problem, a new segmentation/recognition method is proposed in
this article. This method imitates a human who seems to repeat segmentation and recognition
complementally. As for overlapping chair and desk, segmentation and recognition were successfully

conducted by the proposed method.
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(Simultaneous Localization and Mapping) & FEIZILD
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Generic object recognition, Point cloud, AdaBoost classifier, Segmentation
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AdaBoost FZEIEDOH I A a7 NEWHAE ¥ 2
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ERALIT T EZHE) M AT 128 Rt DT RV E:
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2.2 AdaBoost FEDAENDEE(EEMNMSRH K S
[CEEGEBRL-RBEZPET—42LT5)

WES I EL WDV E VNI ERRH-TZ. Zh ABFFE TIEARBRIT 10 DAL HIS S D T2 DI,
6 2014 12 8 -9 PG0014/14/0000-0060 © 2014 SICE

60



(c) @
Fig. 1 Example image: (a) RGB image captured
by CCD camera equipped with Kinect, (b) depth
image obtained by Kinect, (c) extracted regions,
each color of which corresponds to one region,
and (d) extracted point cloud for “chair”.

‘ AdaBoost learning ‘

Fig. 3 Learning of point cloud data without
considering object orientation (our previous
method)

‘ AdaBoost learning ’

Fig. 4 Learning of point cloud data with
considering object orientation, in which data is
rotated so that the object front faces camera.

A B C 000 001 rr+ 444

— ~— 7
128
Fig. 2 Extracted region 1s divided to

5%x5x5=125 sub-regions. Width (A), depth (B),

height (C), and number of measured points

inside each sub-region are assembled to one

histogram, i.e., the histogram consists of 128

(=3+125) bins. This histogram is an input data

to Adaboost classifier.

e AENORBET—22BGL, ZhbaZtD
F FHV T Adaboost FEERICFEE SHETWeE. 2
DFETIE, MFORFICEBNT, Rt ORHEHIER
DTHLIELTNICHBENEF LTS, FEOMEH
DERONTLEVRH OB ENMETLTCLEST
W7z (Fig. 3).

AHETIE, WTFORBFICIBNT, Hx e tili s
MNOEG LT — 2 2T D EEOM[ETHEE S
HDTIERL, B LIERFELZ 3 Ea—% ETH
AL TRFOMEEZR— L TNLFEIELF
IZ&k o T, FFELm ExE 5 (Fig 4).

BRI R FINRILL T O#Y) Th D @ miff4 5x5%5
D/NEIAZ 2 E LT D@ S —F B d 5B
FEHTS. HToRaxoERIc s b zhoimy
LOVFELBRWEZEZ BN, BbTENOAEIZLD
NWE— O EHELTEE, ZRICYTITED
LT SRR E BRI ThORHETH LI

LT I
|
0° 45° 90° 135°
|
LT E ‘ I
180° 225° 270° 315°

AdaBoost

classifier

180°

(b) Example of point cloud rotation for
AdaBoost classifier

Fig.5 Rotation of point cloud data based on top
points of chair back.

7% (Fig. 5).

23 Bl o-EBO/NMEEAOESE, NMEBOMH
HEHEDS5H AdaBoost HINBORAFTHABNE
DEERET D
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TOBRBIHEATHZETTIRY T RITV,



F=BEOE T AT — g (FEBRSE) 2179,

Z T, FREEEHIC X B MEE S EI7S T i ik
OREEE TV E IR ER2>TLEY, 7TV D
HMENMETLTLE- TV, F2T4H5ME, AR
PITHoTWNB EHEREIND, B AV T—vare
POk A FRRHICAT » TR Z IEREIZ 0 E - 5RE%T 5
FIEERRE L. HEEE S & RGB B O BFIZ D0
I, RGB-D ¥ Tdh 5 Kinect (Microsoft 1) %
R+ 22 LT 5.

BARR72 FIEZ DL R ISR, 1) BHEEmG 0N ER -
TLE->7-fEE %, Kinect TlRIFFIZHESE S5 RGB
il (At I2HS%, k-means E TE LI/ EWE
HOMEE~BSET 5. 22T k-means (ED 7 T &
T, AF 2 IR TR LT A T L0 BRBRAVIC k=4
ZRALE (@EHRICEIY 1 EoEEEEs 4 #o/NE
WICHSEIT ), 2) o8l Sz /NERO S TOM
HEbEEEZ, FHAEIIK L OUMEBRAFKS L,
ZOFA SN OV T AdaBoost ZEEERIC L S
73V EMNETT S, 3) At AdaBoost FEER O H
hAaT7PNEHBEEDLEEZRAT L2 LT, HER
S>TWB R EHLE o BEL ClkBIT 5.

3 =B
31 MHEhERABET—40hTd)BH
Kinect CHEEBtEE#RE L, il L A N7 T

I & TR L ALIZ 2V T AdaBoost 8 217 - 7~

a—ensp> uin] =P

FHEBOKELRIET 5720, FF AW o
ToRENT — H i BIgRIC A Uiz, BARHgIZIL, BR
BRI L 2 I B OR 07 — % (BB
W SR O ERET — %) 120 @ & Lsk o5
— & (BEE» SR &S Nk LS O W (R FEE O 5
BT — %) 144 % W THEE 21TV, BEEA DR
DT —H L L TR+OT—% 220 @l & kKL oT

Table 1 Experimental recognition result by
AdaBoost (chair) without considering object
orientation

(a) Learning results (b) Verification results

output output
chair | other chair | other
. chair | 115 5 . chair | 208 12
input input
other 36 108 other 36 184
Table 2 Experimental recognition result by

AdaBoost (chair) using point cloud data which is
rotated so as that object front faces camera

(a) Learning results (b) Verification results

output output
chair | other chair | other
. chair | 119 1 . chair | 210 10
input input
other 24 120 other 11 209

Table 3 Experimental recognition result by AdaBoost
(a) Learning results (b) Verification results

output output
desk [ other desk | other
. desk [ 170 0 . desk | 149 0
input input
other 0 204 other 0 208
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Fig. 6 Experimental result: (a) RGB-D image, (b)
extracted regions based on depth information, each
color of which corresponds to one region, (c)
overlapping region, (d) RGB image of overlapping
region, (e) segmentation based on RGB information
using k-means method, and (f) segmentation and
recognition result.

Fig. 7 Failure example of segmentation/recognition:
() RGB image of overlapping region, (b) wrong
segmentation/recognition result.

AP AISNTLEI bDOLEDND.

4 R

BEM[4]D 3 oL Bt A & W T2k 17 3
IERTIEICA L, SR HMOEIbEBE L THEEE
FERFTHELT, BWEEMEIEDLZLITIIL
7.

FEBEE RIS X IR A LI E AR > T L
F o ZHEICKT L, RGB H# & VT & 5I(2/hElk
WCHESEIL, TX_XTO/NMEBOMEAEHEICK LT
AdaBoost iRl & & W 7 U B AEITV, &b
AaAT OEWHAE DO E W CHEEEFRAET D
ZET, BT AUTF =g RO T T R
ERERIT) FEERELE. ZOFEIZIAMBMA
v AT —varvb ) ars=a R I
DNIRILATOTWNDZ LA VAL T FENTWD.
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Table 4 Correspondence of color in Fig. 8(e) to label number

Label number Color
0 red
1 green
2 blue
3 yellow

Table 5 Recognition result for combination of label, which is
AdaBoost output value ranging from 0 (least probable) to 1
(most probable)

Label number Chair Desk
0&1 0.33 0.68
0&2 0.32 0.39
0&3 0.27 0.65
1&2 0.38 0.31
1&3 0.37 0.44
2&3 0.62 0.19

0&1&2 0.33 0.61
0&1&3 0.33 0.63
0&2&3 0.29 0.39
1&2&3 0.37 0.44
0&1&2&3 0.35 0.46

FT7 4 A H LR LE L TR EALZERAL,
EVERREREGE D Z LIRS Lz, 41412 RGB Hif%
D) A RELDOMRE R 7] | S8, EIROF 3 EI DR
Era P52 NHMETHD.
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On Cluster Validity Measure based z-means

«Y. Kuraguchi and Y. Hamasuna (Kinki University)

Abstract—

Non-hierarchical clustering such as k-means and fuzzy c-means clustering need to be set the

number of clusters before execution. On the other hand, xz-means is known as the method which estimates
the number of clusters automatically. The z-means is constructed with two steps: 1) partition process based
on k-means, 2) evaluation process by using information criteria, e.g. AIC or BIC. Cluster validity measures
are also known as the measure for evaluating the result of cluster partition. This paper proposes a novel
r-means approach which uses cluster validity measures instead of information criteria. The effectiveness of
cluster validity measure based z-means is verified through numerical examples.

Key Words: cluster validity measures, z-means, k-means, hard c-means
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BRI Z2ABDB 7 7 V1 FHE DD LT
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R -3 E8iE (HCM) & WS IEfRZ W 5.

HCM 52 65Nz 7F —XESIIR LT, 2—9»2
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ur; €{0,1} THBZ &iF, AEBN—FTHBI L
EREKL, uy=10¢E, 75AXIZEBLTWSZ
LERT. LTFICHCM O7 )L ITY XL %RT.

THLUT) ZALOKTEME LT, HWEKD 2 WIX
BEBDINH, BAMEVRUFBOKREREDND 5.
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Algorithm 1 Hard c-means

HCM1 77 A2 c 2ED, V OHMEER T XL
HET 5.

HCM2 &7 — & x;, 2@ ETHOEF NS Y
TARIZEID Y TS,

HCOM3 EHRIZHEONZ 5 A X Tl v; % HH.

HCM4 # 7 &MF2M-IEKT. 25 Thirhif

Step2 IR 5.

2.2 ZYMEAE

FUMEFE I T N FE TIZZEEREINT VBN, E
W72 s DIZDWTIX, BfEbEmIEINhTns 9.
AHFZ5TlE Dunn’s index®, Davies-Bouldin’s index®,
Xie-Beni index®) @ 3 DD MERAEE W5,

2.2.1 Dunn’s index
Dunn’s index(DI) 132 (5) TRI N 5.
}} o
7z, dla 3R I ARDE L TV ESVEIEL, dis
2 5 A RO NHES A ETIEETH D, R (6),

(7) TEHZIND. G, G, G ki, j, IZHDZ S
AR ERT.

DI — { dlS(Gi,Gj)

min min -
1<i<c—1 | i+1<j<c | max dia(G))
1<k<c

dia(G)) = max d(x;, z;) (6)
i,J€G
dis(G;,G;) = min  d(z,y) (7)
TeG;, Yea;

x, YyWRXIETNFNTFT—2%2KL, G, G; &7 7 A%
RT. ZOREEIREWVETHINEHZIFEREVWS
HFERTHD LI NS, X (6) TY T AXNTIH
BLUEPRAKDT — X EOMAGEDLEDMHEZ KD, X
(7) TZ 7 AR TIHBEBE D T/ ND T — R [E DAL
DEDEERDD. TDD, 7T AZNT — ROk
HENEL, 77 AXMORHED B \NEEIZ DI OfEiE
KELRY, BRI 5.

2.2.2 Davies-Bouldin’s index

Davies-Bouldin’s index(DB) &A@ 4 X THik X
ns.

1 C
DB = - :
CZ;& (8)
Ri = max (Rij)7 i=1...c (9)
J=j...c, i#j
Si+ S,
R;i = v J (10
" o=, P )
1
Si= 1 3 o —vl? (1)
| 1| TeG;

A (11) D S; 1327 7 AXNDEEE, X (10) D R;; &
75 AREFELEERLTVS. KX (9) D R; 1F (10)
DEMERTHY, HD i 2EELEE, i D T2
REDT T AXMHLE DR KM% KD 25 F % ERS
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5. X (9), (10), (11) 25252 T, XA (8) &V,
DB DEARE 5. Z DU/ E W EZ HAITE S
FEELWHIRTH S,

DB DR (10) TZ T A X [WPEME % 53 2B, |jv;—
v||? T I ARFLHOIHEMEEFIEL, S+ S,
T IAXNIBEDO AT L. ZD7z, 47E
MROZ I ARNDT — X R 2 5 A Zdub AL
U, 77 AZEDNHEEHMNRITNIE DB Offiid/hE < 7
D, BWIERIZRS.

2.2.3 Xie-Beni’s index
Xie-Beni(XB) i3 (12) TRI 5.

XB = Z::l Zf:l ukink - vi||2
n min |v; — v,|?
1<i,5<¢
i#£j

(12)

ZZ:1 22‘:1 upil|ler —vil|? / nIEBRTD I I ALK
DWTC, 2T ARHULNE T T AZRNDT — R & O HHEL
BEOEEEEERL, 75 ARNOEEEYHRT. £/~
min1§i7j§c7i¢j ||’l)i —’U]'H2 Li%’ﬁ TFAR EP/E\FEﬂ@g'Eiﬁ'ﬂ;L
EOR/MEZEWRL, 75 AXMNHE2FKT. XBT
227 I AZFRE T T ARNT — X & OIFFEMEDF
BDWINE L, 75 ZARBFBENPKREWEES XB O
WINELK 72D, BWlER5.

2.2.4 BEERRICAWVWSEZT—9tEY K

AECTEARTHOWSBMET — X % RT. £DH Po-
laris 7— % % HCM THEIL, T OFEHR % K27 MM
W W CHHI L 7285 R 2 MR T 5.

AFECHHT ST —%t v % Table. 1 IZRT.

Table 1: Sets of objects.

T—2% AR (n) | IRIT (p) | 7T AZE(c)
AILTF—4& 1 120 2 3
ALT—X2 125 2 5
Polaris & — & 51 2 3

Iris 7 — X 150 4 3

Iris ¥ —& 2 DAHDF— X+ v O % Fig.
1, 2, 319, FA—t, A—ROMfEKZR—D7 7 A
RATHDBHILEEEKT 5.

sampleN120C3Labeled.txt

2+
)
®
o®
vV (¥
v .".
1 MAAL (]
v "vv"v
vy YWY
VYWFy V¥
0 W v'v' v
V. __VeyVy ¥
L AA v
";v"v v **
af Y vV * K
MM L "
v'v LN
**'k*
- *x

_‘z —‘1 6 i 2‘
Fig. 1: Artifical data 1.
ALT—& 1(Fig. 1) 1%, &b RKELEAPMEEE




80, TNLUMNDEESPEEKEL 20 DT —X ¥y T
HbB.

CorelationC5N125Labeled.txt

¢
2
$
%0
1 ..
" 1] [ ] ..
- '“” e %.°
ol * E 2 °®
T e K
h LAY 73
* °
-1 '-..
Sl
o
) -1 0 1 2

Fig. 2: Artifical data 2.

ATT—X 2(Fig. 2) 1%, p2¥H, o 208, j %
EREL, p=1[0,0] DA DESDHEEREZE 0.5 & L,

EHRPHEIZRENT VELZERLUEZAT T —RTH S
8., RTELELEDOMNLUTTH 5.

N = (0,00 = [0.2,02)),( = 1,....,25)
j (n=1-2,0],0 =[0.3,0.3]), (j = 26,...,50)
zj ~ N(p=2,0],0 =[0.3,0.3]),(j = 51,...,75)
~N(p=1[0,2,0 = m4oqx(: .,100)
‘ PolarisLalbeIed.txt ‘
i [ ]
t
e °® %00’
1k
® *
Ak *
ol v o * . *x %
*
v e
-1 AAA S o .
v v "' *
v
Ll
-2 -1 (I) 1 2

Fig. 3: Polaris data.

Polaris 7 — Z X AbME LD EDOAEE 71y b U
72TF—RTH5.

Iris & — & X UCI Machine Learning ® HP T/AFH
ENTVBERVFI—IFT—RD—DTH5 2.
2.2.5 ZHMEEZBVRIED

Polaris 7 —XIZ LU HCM % ¢ =2 ~ 6 THJHEZ
ZEZ 1000 M2 FEfT L, KEZYWEEL HWTEIHMEL 72
HED Y & 438 % Fig. 4, 5, 6125R7. REHOK
XD EE AR L, 77 7D Tx]| BZEOHEET
DOFEWIEERT. [x] 2dub e Uz ERO/N—H3 %
mE%KT.
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PolarisLabeled_DI
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Fig. 4: Result of average and standard deviation by
HCM and DI with Polaris data.

PolarisLabeled_DB

1.0

09
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0.7
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05
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1 2 3 4 5 6 7

number of cluster

Fig. 5: Result of average and standard deviation by
HCM and DB with Polaris data.

PolarisLabeled XB

07
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051

A4

0.3 )
0.2f 1
0.1

0.0

1 2 3 4 5 6 7
number of cluster

Fig. 6: Result of average and standard deviation by
HCM and XB with Polaris data.

Figs. 4, 5, 6 &1, Polaris 7 — X D4 ElERIZXf
UTCIZ2TORENE#E R 2 EE 3 % &b R\WIESE
ELUTHALT.

2.3 2xr-means

HCM %23 U o &3 2HERDIEREI 2 5 A2 »
JFHFEICHTIMERE LT, UFPHSNTWS

1. ERBHED T — X TIFFARRHEIEL 25



2. 7T AR EA—FPIE L ZRITIT R 580
3. RfTRERERH LA HTH S

PERD z-means IFFIZ 1, 2 OfFRZ HIIZIRE X
NTW3 M. z-means D7V T ) X LIXEMANZ T
INE 2B (T 7 4NV N Te=2) THCM 247> 7=
AEFERZ B RELEZHOTEHMEL, 2ELZ&2
I AR LT, HCM % FRIIC AT S % &\ S Rk
2o TW5b., FEIOAGEE KO, LDk % 1E i
HEUEEE VTS 5.

DU EFTS Z & T,

o NEDNZDMALHED KL ZEITHAPd 5

o U T AR BUNTHRES 2 BB
EWVWSAY Yy MPED, 1, 2 OMEEEET S Z LA
AIREIZ 70 5. (ERFIETIIHREIYE L U T Bayesian
Information Criteria(BIC)'®) % Akaike’s Information

Criteria(AIC)') 23FHlifEIL e L CHW ST W 5.
WD p-means DT IV TV AL ZPTFIZRT.

Algorithm 2 z-means 7

Stepl ¢ Z +ITNS I TARE (T 74NV N Te=
2) &L, HCM %517, ZOAHFRERICIN L, Eil
BEREOMEZGET 5.

Step2 DENEDHK 2 T AXIZH L, ¢=2 & L THCM
BET. K7 T ARDERELEDMWHZFHT 5.

Step3 /3 EIET & A EIZOEHRELEDMZ KT 5.
Gy EIE DGR EILEDE N D EIFTOM & 0 By X
FET. 5 TRIFNIL Step2 1IZE 5.

3 REFZE

PEHD z-means 1FKHE - IRTTD T — XX LT
DERAEPBRRSNT WS, ULArL, ElEEE T
ﬂtﬁ%ﬁmét@%$%7»®%m% Tk
6T, RIZEWRITT — X DG, sHEICEE D H
5. % ’C ARIFFETIEZ DFHEARM DR X 2 f#H 9
35728 TEREREONRE L U T Y MEAEL AW
7z x-means 2 LT 5.

UTFIZATETRET S z-means DTNV TV X L%
N

Algorithm 3 Cluster validity measure based z-
means

Stepl ¢ Z+TINE IR T ARE (T 7 4V M T 2)
& U, HCM &7, TR RICHL, 7—442
RTOZYMIAEDEEZ KD 5.

Step2 DENEDEK T 7 ARIZKHL, ¢=2 & LTHCM
ZFIT. HEBORBIIELTT — X 2K TDOEZY
PERAEDEZ KD 5.

Step3 7 EIHT & 7 B4 D Z Y MEEEHEDE 2 s 5.

53 4R 0> 2 M MEEAE D AE AN BIET O & 0 BT uE

7. 25 TRIFNIL Step2 TR 5.

MEHREFIEIX R —D 7 F 2 22K LT H i nT fE 72

ETH D, —F, BUMEEMEE VI, 2
5 ARDHBBET D 5. BUMIAELF —DF— &

Ty MIXHUT, 22508 TOREOMHZ s
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5T EIIEELND D720, RERFERITHIRMIZOEE
DY FTAREBFMT BM, BEFETEKT—XEY b
2T, B0 EMOIREBOAMZTTS.
4 BUEH

AREDORINZ, BEFIEOSEERIPEL VL E S
M % SN FEHE 2 D TR S 2 72 D 12 9% Rand
Index!® IZDWTOFHHEFTS. ZDH, 2.24 ETR
L7724 207 — 2T UTREFHEEZFEITL, 2EIK
& EI7HE, Rand Index DIE% R .

ANT—=R%EFYF0, 41 TEREL, #REFEE
F79 5. £z, HCM I B} % 27 7 AR U O #)iE
BT — 2O 5 BEMEL o fMERL 2 0 EEZ
MEEE U THWS

Table 3, 5, 7, 9 IFEZLYMEAEZ r-means ([Z#H
U 1000 [15247 U 7= H oG IR D 43 B8 & EFATIR [ 2R
LizRTHD. —BEDOHIVHN-Z Y MHEAE, —F
HOHNFEEITREE D EEE, 2-5 DFNLAFID 73 EI%
(0) CAEIE N[ £ LT\ B, HEE (6<) O
N7 7 A ZED 6 Az s -2 R L TW5.

Table 4, 6, 8, 10 /% Rand Index D% F L /2% T

5. —BEOHPHNT-Z L WIEHE 2.5 DI ZED
IEEL (c) DR;D Rnad Index DfEZERL TW5. 77E
BT6 <) DFNZITHEIEDY 6 LA EIZ 72 - 72D Rand
Index DfEZRLTWA. 7z, ZEFEIZDOWVT Avg
1357 EED Rand Index D SEIIME, Std 1& %7 DI

AEEFEAT S, 7 ZEBRLUTWSEDIE, SHOE
BRCix, —EdZOREEE M Ukh o HEEK
5.

4.1 Rand Index

Rand index 1 2 2D 7 )L — T O A G HED—EE
RHETIMOT 2I5ETH 5.

Table 2: Combination table used in Rand Index.
U\V | W Vs Vo Sums
U, ni1 ni2 nic a1
Us N2l No2 nac )
Ugr NR1 NR2 NRC aR
Sums | by by be sz ngj =n

Rand Index (£ Z D F — 7IVIZHEN 2 DD 43 EfE R
DIlABDLEZER T D, KIFETIE, 2 DD EIGE
HONDHHIZIRLT—=REH WS-8, DIEOH
HTHER DTV — 7%7«»7 2 UTHIAT 5.
Rand Index %ﬁu‘[‘ﬁ—d—éf; iNll, NlO, N()l, NOO
% Table. 2 2 53RD AT ifa\ 5,

o N :[HAUIRNNVEBEFHOT—XDHL I T AR
IZhEE Nz T — X OMAGHLEDE. Table.
2 TIX ni1,-.-,NRC @?ﬁﬂ&ébﬁ@/%*ﬂ

o Ny :[AIULIRNESERFDT — XN, HEIRER
507 ARIREINZT —RXHOMAEDLED
. Table. 2 Tlday,...,ar DHAEHLEDIRFI.

o Nig: EIR2DITNVEFEEEFREDT — XN, 53EI1LH
U7 I ARIZHEINTT— X EOMAEHLED
. Table. 2 TlX by, ..., bc DAL DHEDIR.



o Noo: TNIVINEIRY, BB 0 7 AXIIHEIN
727 — RO AL HE ORI, EBEIZIEZETO
%“&@ljﬁﬂ]}/ﬁ\bﬁﬁlg N11, Nl(), N01 %/)ﬁé%b
Kk 5.

FLTZDE%
RI — Noo + Ny (13)
NCa
CUTHET LI L THEEDENIRES. ZoEE

B12HW5EEHRATHY, RCOT—XIBIELL D
HINZ e 2EWRT 5. X2 0 2S5 RHR/INTH
D, ECOT—EDBo>THREIN-Z L 2EKT 3.
4.2 ANIF—%1

B MM EEER pomeans ICHEHL, ATLTF—X 112
XU TEAT UGG O EIE, EFETREZ Table. 3,
Rand Index D #FEAMifE5 % Table. 4 IZZFNFNRT.

Table 3: Results of obtained number of clusters and
run time by proposed method with artifical data 1.

c [|2] 3 4 5 | 6 < | time(sec)
DI || 0| 764 | 212 | 12 | 12 1491.78
DB || 1| 455 | 522 | 14 8 139.7
XB||0]| 722|278 | 0 0 127.62

4.3 ANIF—%2

B M MRHER romeans IZEMA L, ATLT—%X 21Z
K UTETURGEDOSER, EETRH % Table. 5,
Rand Index @ #HififE 3R % Table. 6 IZZNZRT.
Table 5: Results of obtained number of clusters and
run time by proposed method with artifical data 2.

c 2| 3 4 5 | 6 < || time(sec)
DI || 2] 515|349 | 99 35 1806.06
DB || 0 ) 247 | 334 | 414 198.99
XB| 0] 6 |573|421| O 177.16

4.4 Polaris T—%

B MM FHE A - means (23 L, Polaris 7 — &2
NUTEFTUEGEOO5HE, EFETRM % Table.
7, Rand Index OFEflifE R % Table. 8 IZZNZFNRT.
Table 7: Results of obtained number of clusters and
run time by proposed method with Polaris data.

c 2 3 4 5 16 < | time(sec)
DI || 246 | 453 | 195 | 94 12 289.27
DB 0 8 36 | 171 | 785 92.92
XB| 0 | 748|183 | 50 | 19 52.66

4.5 Iris5T—%

B UM EHE R romeans (WA L, Tris T — X IZRFL
THEITUGEDEETRE % Table. 9, Rand Index
DFAMFE R % Table. 10 IZFNFNRT.

4.6 BEETRONLEH

r-means DFEMIERE L LT, DI, DB, XB #H\W\7-
B, HOOREERIC B S Nz R O W TR R B,

1Z U &IZ Dunn’s index IZ2WTihR 5. Z DFFREIZ
RoN-RHEBIZLATOEY TH 5.
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Table 9: Results of obtained number of clusters and
run time by proposed method with Iris data.

c 2 [ 3|4|5|6< | time(sec)
DI |[998 |1 | 1|0 | O 1347.5
DB 995 | 0| 0|2 3 130.59
XB| 9% [2|0]2] O 130.03

1. JUBLHE A 3 D DIREEDH Thed E W
2. DEB D18 R 2 GEDE N

1 1ZRX (5) DA FT O(n?) OFFELERIBEIZ RS
728, WALZHRHER 5. 2. 137 7 A XEHELE %
HETER(7) TETOI I AZModT, KEEW
F—RELEFEHT L7720, FEDT—RIINT DK
FENELSRD. T, DHIENT—XEy k
X, JAZXWEENDE TRty bEEOLE, &b
BWAGDEOEHANEIZEH S0, X (6) Pl
SNIRVER D S EIARGE S W7z, DEIEA A
BBeEZONS.

IRIZ Davies-Bouldin’s index Z Df8FEIZ 7 & 7=
Bl FTDE B THB.

LR DS DI IZHREEHTH S
DEENE K 2 B 5E %\

B DEBHTHEL L DEINTWRWEED
H5

1. IFFHREN O(n) TH27-OThd. £V TAXR
T, VIARIIEGEENET—RETL, 77 AXF0N
EDIFEBEDFHBEDAZLTD 728, DI & b @i#EIZZ
5. 2. ENHAEWWT Xty FDOEE, 1DO0D7 5
AR DIFEOMEURB DB I A7 K IR BIGED DB, *
DA, XN (11) DEPR T DO T —XITHKFL, o
HPRETHD LIS NTLES Z22h b, oH
PR X N D EIBN L R HEEIZH D, 3. 132, &
WOz, R (1) ZHWSS, 1207 T ARILE
DT =EPEENTENENTONGEE, BWER
RIS 2 DI+ DREBOT — XD T 7 A XL
WIZFIET NI, DO 72 0E 07— X ITEH X
NDEFERD A IND. TDD, FEo 0N
AREIH, Rand Inex DOEMEN GG 20, - FMHE
HMDOFEIE L HARKL R 25 E D% otz

21T, Xie-Beni’s index IZDW TR 5,
WIZRONZREBIEMA TOEEDTHS.

1. JUEEE D 3 DDREEDOHF THRE EETH D
2. B AR EBULE WD BB S BEINERT B

1. I DB &k, X (12) D ROFFERIX O(n) T
HB. THIZH b 5T, DB & ETHEIZENF
ET2DI1, 7007 L0EREHFEPHERL LTH
INTVRWVWESOFHERMTHE EEZOND. 2.
ZOWTER (12) 3T -2 &, K7 T AXFULED
JEHBLE D 2 RO TWED, DEDBN—RTHS
BG, A7 HCM o HEHZDLDTHS. HCM
OHWBEBIZR/NE HIEdEKTHS. TDD, &
W2 D EI D, B 5\ X B 72 2 E UV IREED
EEENBUNGED E, RWAEIBIZEN Y T AR
R EINERT S,

w M=

Z DI



Table 4: Results of average and standard deviation of Rand Index with artifical data 1.

c 2 3 4 5 6 <
DI(Avg £ Std) - 0.939 £ 0.119 | 0.811 £ 0.051 | 0.762 £ 0.006 | 0.755 £ 0.003
DB(Avg + Std) || 0.776 &+ 0.000 | 0.988 £+ 0.035 | 0.790 + 0.025 | 0.870 + 0.015 | 0.876 + 0.014
XB(Avg + Std) - 0.974 £ 0.059 | 0.784 £+ 0.008 - -

Table 6: Results of average and standard deviation of Rand Index with artifical data 2.

c 2 3 4 5 6 <
DI(Avg £ Std) 0.613 £ 0.054 | 0.792 £ 0.024 | 0.893 £ 0.014 | 0.944 £ 0.013 | 0.935 £ 0.009
DB(AVG =+ Std) - 0.735 £ 0.064 | 0.890 £ 0.019 | 0.942 £ 0.036 | 0.904 + 0.042
XB(Avg + Std) - 0.701 £ 0.064 | 0.893 £+ 0.012 | 0.962 + 0.014 -

Table 8: Results of average and standard deviation of Rand Index with Polaris data.

c 2 3 4 5 6 <
DI(Avg £ Std) || 0.703 £ 0.048 | 0.869 £ 0.075 | 0.914 4+ 0.047 | 0.860 + 0.056 | 0.823 £ 0.038
DB(Avg + Std) - 0.794 £ 0.051 | 0.830 £ 0.075 | 0.863 £ 0.079 | 0.823 £ 0.064
XB(Avg + Std) - 0.870 £ 0.082 | 0.888 = 0.073 | 0.818 £ 0.029 | 0.812 £ 0.029

Table 10: Results of average and standard deviation of Rand Index with Iris data.
c 2 3 4 5 6 <
DI(Avg £ Std) || 0.776 £ 0.000 | 0.634 4 0.000 | 0.757 4+ 0.000 - -
DB(Avg + Std) || 0.776 £ 0.000 - - 0.738 £ 0.003 | 0.723 £ 0.004
XB(Avg £+ Std) || 0.776 £ 0.000 | 0.659 £ 0.000 - 0.754 + 0.001 -
4.7 ER 7) D. Pelleg, A. Moore : X-means: Extending K-means
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BB (ZH T B word2vec Z A W82 E
ORAER [E)IHE ga AR & Erst  (BRI=E LK)

Transfer Learning for Reinforcement Learning by using word2vec

«M. Takeishi, H. Tsunekawa, T. Suzuki, and T. Hamagami (Yokohama National University)

Abstract— We propose a new transfer learning method for reinforcement learning using a semantics space
which is trained by word2vec. To improve the efficiency of reinforcement learning, a lot of transfer learning
methods are studied. The basic idea of transfer learning is to recall the same action among similar states.
However, the method needs to define the similarity of state by heuristics. In order to overcome the limitation,
we propose a new learning method which is able to estimate similarity by using context which can be
evaluate semantic distance. Experimental results show that the method can construct the semantic space
having similarity of states automatically. Moreover the results show that the method would improve other

reinforcement learning algorithm.

Key Words: reinforcement learning, transfer learning, word2vec
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Ensemble Inverse Reinforcement Learning from Non-expert Agents

xS. Tomita, H. Tsunekawa, T. Suzuki, and T. Hamagami (Yokohama National University)

Abstract— Ensemble inverse reinforcement learning from non-expert agents ’

behavior is proposed. In

many inverse reinforcement learning (IRL) problem, the expert agent which has ideal rewards for achieving
the goal is supposed to be existing. However, in real world problem, the expert is not always observed.
Moreover, the estimated reward function includes the bias depending on its inherent behavior if the reward
for achieving the goal task is estimated from one agent. In order to overcome the limitation of IRL, we apply
ensemble and boosting approach to IRL and integrate estimated reward functions from non-expert agents.
To confirm the effectiveness of the proposed method, we compared the results of reinforcement learning using
estimated reward functions and integrated reward function by simulation. The simulation result shows the
proposed method can estimate the reward adaptively.

Key Words: inverse reinforcement learning, reinforcement learning, ensemble learning
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The Effect of Using Human’s Operation Log to Select Action for Reinforcement Learning

of Unmanned-Sailing

* Hideaki Manabe and Kanta Tachibana (Kogakuin University)

Abstract—

About Sailing, propulsive force of sailing yacht changes by the relative velocity between boat

and wind, controller of sailing yacht need to take future state and future action into consideration. Therefore, we
use reinforcement learning that we can distribute rewards to effective combinations of state and action. In con-
ventional reinforcement learning, it takes long time before agent obtains the first reward because action of agent
is decided almost at random in early stage of learning. Expecting faster learning, we decide action as the same
as human’s operation log. This paper compares learning results of conventional method and our method which

uses human’s operation log.
Key Words: Sailing, Reinforcement Learning
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Swarm Reinforcement Learning Methods Improving Certainty of Learning
for a Formation Problem and Their Evaluation

«H. Tlima and Y. Kuroe (Kyoto Institute of Technology)

Abstract— In this paper, we treat a multi-robot formation problem. In this problem, multiple robots
move from their respective initial positions, and they achieve to make a given target formation by reaching
different goal positions each other. They learn their respective goal positions and the shortest routes to
the goal positions. For solving the formation problem, we recently proposed swarm reinforcement learning
methods. In the methods, multiple sets of the robots and environments, which are called learning worlds, are
prepared and the robots in each learning world learn not only by performing a usual reinforcement learning
method but also by exchanging information among the learning worlds. The methods, however, sometimes
fail to find not only an optimal policy but also a policy which enables the robots to make the target formation,
especially in the case where the target formation is large and complicated. In order to resolve this problem,
this paper proposes swarm reinforcement learning methods in which the robots learn through taking actions
based on the current policy in learning by the usual reinforcement learning method. The performance of the

proposed methods is evaluated through numerical experiments.

Key Words: Reinforcement learning, Swarm intelligence, Formation control
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I=5 X=Y=6, S1=(4,1), S2=(4,2),

S3 = (473)a Sy = (57 1)a S5 = (67 1)a G1= (174)a
Gy = (1’6)7 Gs = (255)7 Gy = (354)7 Gs = (376)7
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G4 = (3a2)7 G5 = (3a3)7
BAITEIRIEL - 49
- il 3

S3 = (7’4)7 Sy = (575)7 S ’ )’ Se ’ )a
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Gs = (174)7 Gy = (2’1)7 Gs = ( al)v Ge = ( 72)7
Gr = (473)7 Gs = (4’4)7
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Table 1: Cumulative frequency for the number of ac-
tions after the learning for Case 1

(a) T = 1500
Method | 35 40 45 50 55 | oo
I-BEST | 16 92 99 99 100 | 0
2BEST | 8 76 89 96 100 | 0
3BEST [20 83 96 99 100 | 0
1-AVE | 17 90 100 100 100 | 0
2AVE |12 68 91 99 100 | 0
3AVE |24 93 100 100 100 | 0
1-PSO [ 19 8 95 100 100 | 0
2PSO | 16 8 94 99 100 | 0
3PSO |24 93 100 100 100 | 0
QL | 7 61 79 83 84 |16
(b) T = 3000

Method | 35 40 45 50 55 | oo
I-BEST | 16 90 100 100 100 | 0
2BEST [ 11 66 87 98 100 | 0
3-BEST |21 89 100 100 100 | 0
I-AVE |21 91 100 100 100 | 0
2AVE |17 80 93 98 100 | O
3-AVE |26 93 99 100 100 | 0
1-PSO |28 93 96 100 100 | 0
2PSO |22 8 96 100 100 | 0
3PSO |29 93 100 100 100 | 0
QL |10 56 76 8 85 |15

oo : Number of policies under which robots cannot
reach goal coordinates

J B HEER o(t) RARTEZ HNB.
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EEETHY LYY — KT 1 1500 B X U 3000
D2 Uz, B EIRIcB 222 THY)
2TV — RBT IR ETOXHEROBRBTHL. &
FEETIERORY N OTERERIFICELED H O NG,
FEVEDONW MR % FEAMI 3 5 72012, {FEEE
AR LT 100 [ DFETF U .
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Table 2: Cumulative frequency for the number of ac-
tions after the learning for Case 2

(a) T = 1500

Method | 49 56 63 70 77 84 |
I-BEST | 11 51 79 82 83 83 |17
2BEST | 6 40 78 97 100 100 | 0
3BEST | 11 46 70 74 77 77 |23
I-AVE | 10 48 76 77 78 78 | 22
2AVE | 8 34 81 97 99 100 | 0
3AVE | 13 48 66 70 72 72 |28
1-PSO |11 34 61 84 93 94 | 6
2PSO | 7 29 75 97 100 100 | 0
3PSO | 12 45 60 63 64 64 | 36

QL 1 26 45 49 51 52 | 48

(b) T = 3000

Method | 49 56 63 70 77 84 |
I-BEST | 14 70 86 97 98 98 | 2
2BEST [ 11 49 87 99 100 100 | 0
3BEST [ 14 69 90 93 93 94 | 6
I-AVE |14 78 95 97 97 97 | 3
2AVE |13 51 89 100 100 100 | 0
3AVE |16 72 93 94 94 94 | 6
I-PSO [ 14 75 92 97 98 98 | 2
2PSO | 13 48 86 100 100 100 | O
3PSO |16 72 8 90 91 91 | 9
QL | 4 36 54 56 57 58 | 42

oo : Number of policies under which robots cannot
reach goal coordinates
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hREFETETND VRS, £/ Tool DK
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RIZ, Fik1, 2 Xk 2, 3) DAL S KT S, &
£D Too)] DHIEY, HIE3TIE, OFRY MID T =5
T A= A= I UNNS EHETRWEIE 112 L
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Table 3: Cumulative frequency for the number of ac-
tions after the learning for Case 3

(a) T = 1500

Method | 56 64 72 80 88 104 | o
I-BEST | 4 33 64 76 78 78 | 22
2BEST | 2 21 66 89 98 100 | 0
3BEST | 5 33 66 73 75 75 |25
I-AVE | 4 30 60 66 68 69 |3l
2AVE | 2 27 69 93 99 100 | 0
3AVE | 4 27 55 67 67 67 |33
1-PSO | 2 24 55 75 82 94 | 6
2PSO | 1 23 66 8 98 100 | 0
3PSO | 4 21 48 60 62 62 | 38

QL | 1 23 43 53 55 56 | 44

(b) T = 3000

Method | 56 64 72 80 88 104 | oo
I-BEST | 9 56 87 96 98 98 | 2
2BEST | 5 35 78 96 100 100 | 0
3BEST | 11 59 87 92 95 95 | 5
I-AVE |14 59 92 95 96 97 | 3
2AVE | 5 33 81 96 100 100 | 0
3-AVE |15 65 87 93 95 95 | 5
1-PSO |10 60 91 95 97 97 | 3
2PSO | 6 40 85 99 99 100 | 0
3PSO |15 55 82 91 91 91 | 9
QL | 2 25 42 49 52 52 | 48

oo : Number of policies under which robots cannot
reach goal coordinates
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B2, 3R UTIRHEII T A—A—Ya v ik TEd
HENMESNTEY, HlE4IZHLTE T = 3000 D
BAIZEEIITA— A=V avEBRTE 5 HENE
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Fl&kY, BIEL 2, 312812 HEOBILGE2 &
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EERBETIEBE HE2 L&\, HiE2 IdEE S
WEREATLIEBIIHELIZEDZ DD, BT T4 —



Table 4: Cumulative frequency for the number of ac-
tions after the learning for Case 4

(a) T = 1500
Method | 80 90 100 110 120 180 | oo
IBEST|0 0O 0 0 0 0 |100
2BEST [ 16 36 58 74 81 93 | 7
3BEST| 0 0 O 0 0 0 |100
AVE [0 0 0 0 0 0 |100
2AVE |19 42 65 76 83 88 | 12
3AVE |0 0 0 0 0 | 100
PSO [0 1 1 1 1 1 |99
2PSO |22 48 72 80 8 91 | 9
3PSO |0 0 0 0O 0 0 |100
QL |0 0 0 0 0 0 |100
(b) T = 3000

Method | 80 90 100 110 120 180 | oo
IBEST| 0 1 1 1 1 1 |99
2BEST [21 45 80 83 92 100 | 0
3BEST| 0 0 O 0 0 0 |100
IAVE |0 1 1 1 1 199
2AVE |21 47 68 83 94 100 0
3AVE |1 1 1 1 1 1 |99
IPSO [0 1 1 2 2 2 | 98
2PSO |21 52 75 90 98 100 | O
3PSO |0 0 0 0O 0 0 |100
QL |0 0 0 0 0 0 |100

oo : Number of policies under which robots cannot
reach goal coordinates
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Prerequisite Conditions for Token Evolution in a Constraint Petri-net

xHideaki Suzuki (NICT)
Yoh Iwasa (Kyushu University)

Abstract— Unification constraints of predicate logic or string rewriting rules of context free grammar can be represented
by a Petri-net with the AND/OR tree structure. In this network, deductive inference or parsing can be formulated as a
problem to find a solution subtree within which variables have consistent substitution. The paper focuses on a token-based
heuristic method to solve such an ill-posed problem, and presents three prerequisite conditions to be satisfied by tokens
which propagate and evolve in the network. Incorporating these requirements would enable us to design highly distributed

algorithms for deduction or parsing.

Key Words: Constraint network, Deduction, Token, Evolution, Ill-posed problem
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Position and orientation control of underwater vehicle system by visual servoing

*A. yanou S. Ohnishi K. Yonemori S. Ishiyama (Okayama University) K. Fujimoto (Kowa
Corporation) M. Minami (Okayama University)

Abstract— A novel underwater vehicle system based on visual servoing technology with binocular wide-angle
lens was developed to decontaminate radiation from mud in dam lake, river, regulation pond, sea and storage
reservoirs in FUKUSHIMA. A real-time pose detection of target object through binocular camera system
utilizing Genetic Algorithms (GA) for underwater vehicle is used, which is combined with servo controller,
enabling to enhance stability performance of the vehicles pose relative to 3D marker. The following results
were derived: (1) The proposed system kept the same high level of fitness value of GA as obtained at ground-
based experiment. (2) The robustness of the proposed regulator system has been verified by exerting abrupt
disturbance force. (3) A robust stability for 3D pose control in visual servoing process was confirmed.

Key Words: Autonomous underwater vehicle, Remotely operated vehicle, Visual servoing, Genetic algo-

rithm
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Fig. 3: Control logic for the proposed system
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Table 1: parameters of GA

Number of genes

60

Target variables calculated by GA

Positions(xz[mm], y[mm], z[mm]),Posture(ez[deg])

Search area (as centering the target in this area) [mm]

{z,y, 2z} = {£400, £200, £400}

Control period [ms]

33

Number of generation evolution in the control period

=

%q
X ZH

M Y
> S00[mm]
: N

M VM
Fig. 5: Coordinate system provided in under water
experiment

S ELHIh [ v2 = kp2(€2d — €2) + 2.5 (2)
FRIEITIA] v3 = kp3(ya — y) +2.5 (3)

KI5 18] g —x < =5 (A /& 7 HIEDLEMER)

FEKFET7 1) b<ag—x (A /A 7HIEOEMER)

S BT, AMELICHRT B e N NEEMERGET T2,
Mg oK R v Mk L TR 5 L)
WL DHNELEINZ, JTEONLE « BEAA~EITLTE 5000
R BT 72

3 FHREER

3.1 XNRYD GAKIZKHBHBEBE

3.1.1 RS R%EHAFIE

EEBREH ROV Cliar he—53—Va A4 AT 4w
7RIS K D EEHRIER ICR W T, Ao Eo# X (I
X BREEMEZ B IET 5 720 A T A X HEMERIEHIE 53615
BRI DRREDILENE (REHY) R85, i
W2t LAAFZE T, mm HBAT TOmVEEOBEI 5
LB HIEMERED EH A B L T\W5., £2C, =
Z TS AT A X ~OHES- IS L LRI B
BRSO REM ORIEEEITS LT, HESOFREMN
KO TE D XD ICHIETE L HH ORIz R 7.
HARMCIE, TR CHERR L 7= ROV ORI Rk
ZH0 BRE Fig.6 MR D X 5 (CEMRT Ll L CTHED D Ft
BAITH. PRI =2— F T WREE GRIEEEE 2.5V)
ITPE O BIEAAIT KR U CTHINSE ISR R B > 7203,
FHHAH VIHE - EE M ORI E S X, HEH o
BNKGIZTEL X2 o7=. 723, ROV @ zy il
HINCBI 2403, EH, AL A S /4 7
HRZENENEEINTEY, &FHFME LA R
4.9|N] DHED AL, A T BHCITHENITIEAE L2,

3.1.2 KAIZHITS GA BHEE

Fig.7(a) IZ 24 = 0, yq = —67, zq = 600, €24 =0
ZHEEAME - BB Lokt a Ry b GA RBH#FEC
B 2#EEORFMEILERT. Zicks b, 8%
BREA OEPUNTHEAIEN 1 L EERD L LB,

100

thrust in y-axis direction [N]

k o 05 : 4 R 1.95"3 25 4 45
voltage in y-axis direction [V]

thrust in z-axis direction [N]

o 1 1.55~2.55 3 4 5
voltage in z-axis direction [V]

torque around y-axis [Nm]

0 05 1
voltage around y-axis [V]

15 1930 35 4.0 45 5.0

Fig. 6: Initial characteristics of thrust and torque con-
trol voltage and adjusted ones by removing dead-band
and linearization: (a) characteristics removing dead-
band (solid line) and adjusted one (broken line) in
y-axis direction, (b) characteristics in z-axis direction
and (c) characteristics around y-axis

WA EFHEETICBNT, 1EFE 0.8 L EomuniEs
FEARHEFEL TV I RS, —RIicEY 27 v
PRI K VKGR L RIS ~DOWBHNEEEAT 5 %5
&, CAFEBREEIZOS U EXRETHL EEZ OB
0, K n BT 13 ARGZER A L2 [R %t
G A TENIZE T 5 il AR R E ORE %17 -
TW5., ZHHMIRIC LYk ETELNIZEAE O
BLEASRKFTHROLNIMEREZ LR L THHHFICBW
THBEOHEGENMFONTWE Z Enbnd. T/
DB GA IZL 2 KF TCOXMGEWRFIEEL, [Pk
T AEE L DOHEICRBW T HIRIZFFLE O A E
HIVDH Z Lot
3.1.3 i - RBH|E

TR S ELNZINELE 5 2 72 o T2 356 O
RS R % Fig.7 127, GA OFRE?E, 1Ry MSE
LD T —r—T AN DK, & 6B
WHEAET B KIEZAIZ K 2 SEBRAE I 2> © O RO %



(a)
12
1
e 08
b
3
E ¢
=
¢4
G2
o 60 0 100 %
time [s]
a0
T (b)
E
S
=]
P=I
{+]
g
=0
w
-0
i
L]
8
o
=1 30
=)
%
a 1w &0 80 100 120 1
tme [s]
&0
- (c)
é Al
=
g W
o
=
= o
“
%
-
E -4
=]
=]
Y
a 0 a0 80 £ 100 140
time [s]

errar around y-axis [deg]

error in z-axis direction [mm]

(d)

B0 a0
time [s]

100 120

z [mum]

Fig. 7: Control result without additional disturbance: (a)fitness value, (b)error in x-axis direction, (c)error in
y-axis direction, (d)error in z-axis direction, (e)error around y-axis, (f)3D trajectory of underwater vehicle

2T, FRATRY A ARNLE - BB D ORRENEF AL
NDHDD, RN DARILE - BB A R
T2 MOS #l#H KTl 4 FD AT AKX % Fi[RR R
BEELZ L TINBIAELEREEZ T YA L, X
B EAREALE - BBITEHIIKF R Ry hOGLE - Ko A
MeFFCE D Z EERTE 5. 23, Fig.7(b) IZHh
DIREDORR IR DT TR B AR v MU ISR E S
NTNDAZET A P —ROEHUZ L DA T A Z D
HIORRBICZOEERBZ L EZ2NE. £, &
HEMICH T2 EEEAL, PHIECE-TH bR
LRSI EHI0 o TV DIREEZ EIRL T 5.
3.1.4 HEICHTZA1 R FREM

Z 2 TCIER S 2R L LR - BB T oK
2Ry MIx LT, BEEY & OB ZECUR S DML
Moo -GEDu A NEEMEERGET 5720, E
oD B (KR 2m) 240 L7z A2 X v filfE
DuRy NONEEREMNCT ST X5 AN as
M (Fig.8(a)), FJm (Fig.8(b)), flifi (Fig.8(c)) ,
FREHNE U (Fig.8(d)) IcEhZhmz, KfaRy k
DIRIGM & OFAXH) HARNLE « BB ITT D 0 R
=T 77,

7R, FJim, mi7E L OBhE ihE v 12 ELZ N
Z I A ORISR % Fig 9~Fig. 12 1277, £ &b

101

Fig. 8: Additional disturbance direction for Regulator
performance test: (a)disturbance in x-axis direction,
(b)disturbance in y-axis direction, (c¢)disturbance in
z-axis direction and (d)disturbance around y-axis

(a) 23 GA FBFk O A, (b) IFFEHIZ >V TOKF
oAy hOSEEFER Lot i@ (K3, (o) I3
HIZOW T ORI BIEEALE - B Lk rR Y b3
PRIk L 72K R OAriE - KB L OFRZE, (d) 1ZAT A
ZICHZT-HES (bv2) 2R L T4 &K EH5E
BRBEAA D 20[s] 35 KT8 60[s] 7= 0 THMELDIINZ B
TV, ZnEno™ (a)(b)(c)(d) IZRR L7 (A) B &
O (B) OXBICHENT, FHELINZ ST BICE A



1.6 (A) (B) (a) 50 (A) (B)

14 (—— F —— 0 — —
S
1.2 % 50 (C)
1 § -100
« =
o
¢ os 2 -150
=} 5
06 2 200
©
x
0.4 = =250
0.2 S 300
w
0 -350
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time [s] Time [s]
350 (b) 49 o - - - (d)
. 300 =
€ =
£ 250 <
5 B
2 200 I
SO @ (8)
2 150 g 0  —— ——
x ©
- <
o 100 <
nE.o 50 i
o 2
§” (A (8) -
F ey [ —
-50 -4.9 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time [s] Time [s]

Fig. 9: Control result with disturbance in x-axis direction: (a)fitness, (b)recognized x-position, (¢)error in x-axis
direction and (d)thrust in x-axis direction

1.6 100

a
14 (a) — 80 (c)
IS
12 E €0
) 5 40
@ = P g 20
€os (A) (B) 3 0
£ @ = =
06 5 20 (A) (B)
>
0.4 g 40
5 -60
02 & 8o
0 -100
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time [s] Time [s]
20 2 3.5
’ k) (d)
3 R z 3 é
20 0 =
£ o 25 @
g -40 B -1 o
2 o C::>(A) <:>(B) 2, : 2
8 S @
=3 ) X,
_c% -80 % -3 15 @
& -100 Z -4 ‘ | -
c = 2
éﬂ -120 § -5 g
2 -140 £ -6 — — 05 =
= C (A) (B) =
-160 -7 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time [s] Time [s]

Fig. 10: Control result with disturbance in y-axis direction: (a)fitness, (b)recognized y-position, (c)error in
y-axis direction and (d)thrust in y-axis direction

M—REIAR S 22 5 0%, BV a7 A —REHER Lo ZOfERE UTHXR BAELE « BEIETT D LD
O, FRE)FARALE « BENDLOREIIECTAT A KA IRy FOALE « BEPEL TV Z & 2R
SICHEZDNDHET) (PvD) DNERT D 2 ENoh TE2. UbEy, #EIATLATIEINALAETDS
5. Thabb, MREZEETLOOREERNPFEAEL, ELIZx L THRD~% 10 BUNIC TEONEIZE T TE,

102



1.6

(a)

1.4

200

'€ 150
12 £
S 100
: g
g
» 08 S 50
g —(A) —(8B) 2
£ 06 S
z N0
C
04 £
u
g 0
0.2 w
0 -100
0 20 40 60 80 100 120
Time [s]

700 (b) 10
600 —
= £ s
£ 500 5
= g
2 400 g 0
2 —(A) <~ (B) 5
Q o
& 300 s
3 s
£ 200 E
2 EE
g w0 =

0 -15
0 20 40 60 80 100 120
Time [s]

()

— ~
(A) (B)
0 20 40 60 80 100 120
Time [s]
0
«(A) «(B) (d)
L g
a
4 E'
§.
5 =
=
6
0 20 40 60 80 100 120
Time [s]

Fig. 11: Control result with disturbance in z-axis direction: (a)fitness, (b)recognized z-position, (c)error in

z-axis direction and (d)thrust in z-axis direction

1.6
1.4 (a)
1.2

1

0.8

Fitness

0.6

0.4 (A)

(B)

Error around y-axis [deg]

0
0 20 40 60 80 100 120
Time [s]
30
i (b)
20
15
10

" o

-10
-15
> (a) =) ,
0 20 40 60 80 100 120
Time [s]

Angle around y-axis [deg]
(%,
Torque around y-axis [Nm]

Fig. 12: Control result with disturbance around y-axis:
around y-axis and (d)torque aroung y-axis

AEUSHT o AN M REESETDHZ L el T
To. 2L, WRRA AT DM B GHERITS
NDEIBRRERENEMZSNIZSGE, V2TV
PF—RBEPNTLE D72, KfeRy B35y e
DFRXFH) HAEOLE « BEITHIE K 722 < 7o % T REMEDS

103

20
15
10

h o wn

-10

-20
-25
-30

0.12

0.1
0.08
0.06
0.04
0.02

-0.02
-0.04

0.06

(a)

&
4

A

= = (c)
(A) (B)
0 20 40 60 80 100 120
Time [s]
(d)
05§
— — F
(A) (B) .
15 é
3
2 5
.8
=
3
35
0 20 40 60 80 100 120
Time [s]

fitness, (b)recognized angle around y-axis, (c)error

2.

FEH

MOS il kngEZ ROV IZH#HT5ZL T, TIhET
I > T RBORITZ Bfs Lok Ry b



DO ZED TN D KRRETIEMIR T A 7015
B L-mifg & GA HEZ2AWT, %miaxt L TEN
[ BB Z TR AR Lz, £, BT
VAT AIENE - BEHIE I T, HiORESE
Wy & DG ERE LT WEIIANELIC R LT, moR R b
PEEETHZ L LR LT,

23 Rk

1) BEMKER, TRERNIZI T 2 720l o sk
WBEICE T 2 EREEARICONWT~H L&D E &
DML~ 25 4F 4 H RAAOKER B IR
http://www.maff.go.jp/j/kanbo/joho/saigai/pdf/
tyukan.pdf (2013).

2) AR, INASEE, Yr—f A —Z PEfGa R A
WP RARC K DFREMBIE OBRER A, H AR =
FSCHE Cfm 79 & 799 5 718/725 (2013) .

3) HARRRGH, 15U 5 A AR A BBk, Science
and Tech 77 v =, (201447 A 8 BT .

4) LGRS, LT () ROty vy s /v=ta
L— 33 AT (2) B RETS Y T3 O BE AR (L
e G 2#) , TdBd) (BA TR ,Vol.19,No.4,4
H 5, 45/49 (2014a) .

5) ALHTKASS, (Eif) wHHrotrv v /~=tal—
o a AR (3) Move on Sensing H 7 BH % O FAR
(5 38D, MRARIN) (AARTZELMR) Vol.19,No.5,5
A&, 57/69 (2014b) .

6) AHHRES, Gl EHotrv o /~=tal—i3
VA LEAR (1) K — A A — & P R R A\ 1
HEREREIC K D KB IR O BIRERA RGN GE1W) |, [#H
AT (AARTEHR) ,Vol.19,No.3, 46/53 (2014c).

7) MRk, HER, BRI, KR T v K —27 R LK
e Ry~ OfERIE, APERFTE 52 &5 5, 247/250
(2000) .

8) T, JHIER, REAEE, BASEF = AR N “Tri-Dog
17 OFRFHE R v va v, ERENITR 52 &5 5, 243/246
(2000) .

9) HMEL, RN, OEIE AR, MU, AR, ke
oAy MZBITFAT LaRT 0 7 A HRRR Y MER
#, Vol.30, No.6, 578/581 (2012).

10) $pARIERE, JFTRE7 7 v Mk BER ROV OF%,
AAB R ki, Vol.22, No.6, 697/701 (2004).

11) PR, ARkl NEDK SR e R > S OB%, H
Ar Ry hEEEEE Vol.22, No.6, 702/705 (2004).

12) WhEek, B, BRHBEDS, SRR AN, ATKHP T Fv—
Y LHEWIE 2 IR L7 B ARRLK o R N ofitlk, A
ArR -y NEEEE Vol.20, No.3, 290/298 (2002).

13) K, FRGE, HME, 7+ — 2 =2z 7 14—
R7 40— R4 J A LR — XBnhIR8iE, AARR
b 4358, Vol.28, No.1, 55/64 (2010a).

14) Hf, IR, 74— K74 U — R=mE8EE Ay
723D eV a7 Y —R, HAROR v hEEEE Vol.28,
No.5, 591/598 (2010Db).

15) Luca, A., Oriolo, G. and Giordano, P. R., On-line
Estimation of Feature Depth for Image-Based Vi-
sual Servoing Schemes, Proceedings of 2007 IEEE

Int. Conf. on Robotics and Automation (ICRA2007),
2823/2828 (2007).

16) HEATE—, AR, BT P —RA v 7RI
FTYP =TT r—F-, HArRy MMEREE, Voll3,
No.7, 986/993 (1995).

17) Yu, F., Minami, M., Song, W., Zhu, J. and Yanou,
A., ON-LINE HEAD POSE ESTIMATION WITH
BINOCULAR HAND-EYE ROBOT BASED ON
EVOLUTIONARY MODEL-BASED MATCHING,

Journal of Computer and Information Technology,
Vol.2, No.1, 43/54 (2012).

104



/X3 Y ARV ERBETD

RN —VICED

BIEFFY b7 =7 DEKE

— AR ERDFEM-

ORpfdnh RILFHER  (FUER L ZEHHER T

Expression Pattarn Based Synthesis

of Gene Regulatory Networks for Realizing Separatrices
— A Method and Existence of Solutions—

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

Abstract— Recently, synthesis of gene regulatory networks having desired behavior has become of interest to
many researchers and several studies have been done. Synthesizing simple gene regulatory networks having

various behavior is expected for understanding functions of gene regulatory networks.

In this paper we

consider a synthesis problem of gene regulatory networks in which desired behavior are given by expression
pattern sequences. In order to realizing various behavior, synthesis methods of gene regulatory networks
whose dynamics has separatrices are needed. First, we show that there exists a solution of the synthesis
problem for any desired behaviors requiring realization of separatrices. Second, we show a synthesis method

based on the analysis of existence of solutions.
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