
7th SICE Symposium on Computational Intelligence

May 29-30, 2015, Sendai

7

2015 5 29 30

 ® 

15 PG0007



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

©

2015 5 29  
 

 



 
     

5 29

13:30-15:30 CI

1.  
,        1 

 
2. PSO  

,        5 
 

3.  
        9 

 
4.  

     13 
 

15:30-15:45  

15:45-17:15

5.  

           17 
 

6. Eye-Vergence  
 

           25 
 

7.  
       33 

 

18:00-20:00



5 30

9:30-12:00 NN

8.  
      37 

 
9. Restricted Boltzmann Machines  

 
    43 

 
10. X  

 
       50 

 
11.  

        54 
 

12.  
      58 

 



1
Shor Grover 

1990 

1)

2)

Quantum-inspired Particle Swarm 
Optimization : QPSO 3) QPSO 

PSO 
4)

QPSO PSO 

5) 
6) PSO 

QPSO

 
QPSO

Dynamical QPSO

 

2 (PSO)
QPSO PSO PSO 

PSO 

 
PSO 

t
ix

t
iv

pbest i
gbest

Ni ,,1�� �,2,1�t
PSO (1)

4)  

3 (QPSO)
QPSO PSO 

PSO 

QPSO 
Schrödinger

),( tx�
2),( tx� 3)  

PSO 
QPSO 

QPSO 6)  
 
 
 
 

                                             (2) 
 

 

)()( 2211
1 t

i
t
ii

t
i

t
i rcrcw xgbestxpbestvv ������   

11 �� �� t
i

t
i

t
i vxx   (1) 

 

 

An Application of Quantum-inspired Particle Swarm Optimization Algorithm to

Optimization of Time-varying Function
Abstract   Quantum-inspired Particle Swarm Optimization(QPSO) is an approach of Quantum-inspired 
Computational Intelligence in which the concept of quantum mechanics is adopted. QPSO is a method based on 
Particle Swarm Optimization (PSO). The state of a particle in QPSOs is described by a wave function derived 
from the Schrödinger equation, whereas the state of a particle in conventional PSOs is determined 
from its location and velocity. The performances of QPSOs are investigated through the optimiza-
tion problem for time-varying higher-dimensional functions. The experimental results show that 
QPSOs outperform the standard PSOs. 
 
Key Words:  Quantum-inspired PSO, Quantum potential, Time-varying function, Optimization problem 
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Fig. 1: Quantum Potentials
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PSO

A Study on Search Performance Improvement for PSO by Switching Topology

S. Sakai, ∗T. Hatanaka and H. Xiao (Osaka University)

Abstract– Conventional particle swarm uses a fixed neighborhood topology during search process. It is well
known that the topology has effect for search performance. In this study, a variant of particle swarm with
dynamic neighborhood topology is considered to give well performance for complex function optimization
problems. The topology changing scheme is proposed based on particle velocity. Then a search performance
of the proposed particle swarm is evaluated by CEC 2013 test suite.

Key Words: Particle swarm, black–box optimization, evolutionary computation, large–scale global opti-
mization
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αp αm βp βm
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Table 3–5 , Fig. 2–4

, 1

Ring

Table 2 SPSO–2011 12)

Function f(x∗) Min Max Median Std

f1 -1.400E+03 -1.400E+03 -1.400E+03 -1.400E+03 0.000E+00

f2 -1.300E+03 7.853E+02 4.755E+05 3.504E+04 7.356E+04

f3 -1.200E+03 -1.200E+03 8.251E+07 2.670E+05 1.656E+07

f4 -1.100E+03 2.454E+02 1.856E+04 7.769E+03 4.556E+03

f5 -1.000E+03 -1.000E+03 -1.000E+03 -1.000E+03 3.142E-05

f6 -9.000E+02 -9.000E+02 -8.898E+02 -8.902E+02 4.974E+00

f7 -8.000E+02 -7.974E+02 -7.434E+02 -7.789E+02 1.327E+01

f8 -7.000E+02 -6.798E+02 -6.796E+02 -6.797E+02 6.722E-02

f9 -6.000E+02 -5.987E+02 -5.929E+02 -5.952E+02 1.499E+00

f10 -5.000E+02 -4.999E+02 -4.989E+02 -4.997E+02 2.713E-01

f11 -4.000E+02 -3.970E+02 -3.731E+02 -3.891E+02 5.658E+00

f12 -3.000E+02 -2.970E+02 -2.682E+02 -2.861E+02 6.560E+00

f13 -2.000E+02 -1.946E+02 -1.523E+02 -1.792E+02 9.822E+00

f14 -1.000E+02 2.228E+02 1.109E+03 7.338E+02 2.335E+02

f15 1.000E+02 4.372E+02 1.705E+03 8.743E+02 2.507E+02

f16 2.000E+02 2.002E+02 2.014E+02 2.005E+02 2.457E-01

f17 3.000E+02 3.104E+02 3.416E+02 3.189E+02 5.873E+00

f18 4.000E+02 4.125E+02 4.365E+02 4.178E+02 4.534E+00

f19 5.000E+02 5.003E+02 5.019E+02 5.009E+02 3.886E-01

f20 6.000E+02 6.020E+02 6.040E+02 6.034E+02 4.194E-01

f21 7.000E+02 1.100E+03 1.100E+03 1.100E+03 0.000E+00

f22 8.000E+02 1.206E+03 2.388E+03 1.706E+03 3.431E+02

f23 9.000E+02 1.016E+03 2.776E+03 1.810E+03 3.596E+02

f24 1.000E+03 1.162E+03 1.222E+03 1.214E+03 9.166E+00

f25 1.100E+03 1.300E+03 1.320E+03 1.309E+03 5.943E+00

f26 1.200E+03 1.307E+03 1.520E+03 1.400E+03 5.513E+01

f27 1.300E+03 1.602E+03 1.898E+03 1.636E+03 7.359E+01

f28 1.400E+03 1.500E+03 2.009E+03 1.700E+03 8.362E+01

SPSO–2011

f4 f21 f25

SPSO–2011

, Ring

, PSO

, ,

SPSO–2011 .

5

PSO

PSO

Ring PSO

Ring PSO

SPSO–2011

,

.

PSO w c1 c2
,

,

,

,

.

Table 3

Benchmark functions (αp = 0.95 αm = 0.75 βp = 0.45 βm = 0.55)

Function Min Max Median Std

f1 -1.350E+03 2.097E+03 -7.400E+02 9.391E+02

f2 1.256E+05 1.946E+07 3.194E+06 4.247E+06

f3 5.747E+06 3.095E+10 4.637E+09 6.375E+09

f4 1.785E+03 4.380E+04 1.223E+04 9.992E+03

f5 -9.812E+02 6.175E+02 -7.890E+02 3.458E+02

f6 -8.873E+02 -6.712E+02 -8.200E+02 4.756E+01

f7 -7.817E+02 -4.032E+02 -7.214E+02 5.727E+01

f8 -6.798E+02 -6.795E+02 -6.796E+02 6.006E-02

f9 -5.952E+02 -5.902E+02 -5.922E+02 1.130E+00

f10 -4.953E+02 1.355E+02 -3.841E+02 1.203E+02

f11 -3.779E+02 -2.801E+02 -3.401E+02 2.507E+01

f12 -2.751E+02 -1.873E+02 -2.402E+02 2.299E+01

f13 -1.696E+02 -8.321E+01 -1.314E+02 2.144E+01

f14 4.425E+02 1.857E+03 1.196E+03 3.269E+02

f15 7.582E+02 2.060E+03 1.336E+03 2.885E+02

f16 2.003E+02 2.016E+02 2.009E+02 3.051E-01

f17 3.385E+02 4.219E+02 3.757E+02 2.112E+01

f18 4.390E+02 5.343E+02 4.656E+02 2.533E+01

f19 5.027E+02 1.166E+03 5.150E+02 1.199E+02

f20 6.021E+02 6.050E+02 6.036E+02 6.347E-01

f21 1.102E+03 1.238E+03 1.125E+03 3.107E+01

f22 1.865E+03 2.901E+03 2.315E+03 2.956E+02

f23 1.561E+03 3.153E+03 2.521E+03 3.546E+02

f24 1.132E+03 1.227E+03 1.222E+03 1.290E+01

f25 1.280E+03 1.327E+03 1.321E+03 7.022E+00

f26 1.328E+03 1.526E+03 1.401E+03 4.303E+01

f27 1.726E+03 1.871E+03 1.816E+03 2.797E+01

f28 1.687E+03 2.441E+03 2.249E+03 1.702E+02

Table 4

Benchmark functions (αp = 0.95 αm = 0.75 βp = 0.45 βm = 0.55)

Function Min Max Median Std

f1 -1.397E+03 3.173E+03 -1.089E+03 7.069E+02

f2 -2.790E+02 1.043E+07 2.964E+05 1.570E+06

f3 6.084E+07 1.024E+10 1.137E+09 2.214E+09

f4 -8.689E+02 2.302E+04 5.425E+03 5.971E+03

f5 -9.978E+02 -7.305E+02 -9.064E+02 5.965E+01

f6 -8.997E+02 -6.774E+02 -8.590E+02 5.192E+01

f7 -7.882E+02 -6.528E+02 -7.486E+02 3.167E+01

f8 -6.798E+02 -6.795E+02 -6.796E+02 7.646E-02

f9 -5.946E+02 -5.906E+02 -5.922E+02 1.028E+00

f10 -4.991E+02 -2.021E+02 -4.618E+02 6.049E+01

f11 -3.884E+02 -3.017E+02 -3.633E+02 1.785E+01

f12 -2.864E+02 -1.892E+02 -2.611E+02 1.918E+01

f13 -1.939E+02 -7.972E+01 -1.560E+02 2.052E+01

f14 5.621E+01 1.467E+03 8.566E+02 2.822E+02

f15 5.177E+02 1.521E+03 1.022E+03 2.415E+02

f16 2.004E+02 2.014E+02 2.010E+02 2.222E-01

f17 3.232E+02 3.989E+02 3.415E+02 1.906E+01

f18 4.210E+02 5.086E+02 4.416E+02 1.588E+01

f19 5.007E+02 1.075E+03 5.042E+02 8.014E+01

f20 6.026E+02 6.050E+02 6.035E+02 4.565E-01

f21 9.814E+02 1.181E+03 1.108E+03 2.479E+01

f22 1.187E+03 2.519E+03 1.902E+03 2.703E+02

f23 1.499E+03 2.600E+03 2.053E+03 2.517E+02

f24 1.213E+03 1.225E+03 1.218E+03 2.497E+00

f25 1.316E+03 1.324E+03 1.321E+03 2.350E+00

f26 1.335E+03 1.515E+03 1.400E+03 2.468E+01

f27 1.700E+03 1.833E+03 1.779E+03 2.647E+01

f28 1.574E+03 2.459E+03 2.162E+03 1.643E+02

1) J. Kennedy and R. Eberhart Particle swarm opti-
mization, Proceedings of the 1995 IEEE International
Conference on Neural Networks, 1942/1948, (1995)

2) X.S. Yang, : “Firefly algorithms for multimodal op-
timization,” Stochastic algorithms: foundations and
applications, Springer Berlin Heidelberg, 169/178,
(2009)

3) Blum, Christian, and Xiaodong Li : Swarm intel-
ligence in optimization. Springer Berlin Heidelberg,
(2008)

4) R. Storn P. Kenneth : “Differential evolutiona sim-
ple and efficient heuristic for global optimization over
continuous spaces,” Journal of global optimization,
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Table 5

Benchmark functions (αp = 0.95 αm = 0.75 βp = 0.45 βm = 0.55)

Function Min Max Median Std

f1 -1.397E+03 3.798E+02 -1.201E+03 3.772E+02

f2 -5.325E+02 8.761E+06 3.394E+05 1.700E+06

f3 2.585E+07 1.108E+10 1.595E+09 2.680E+09

f4 -8.599E+02 3.760E+04 6.977E+03 6.565E+03

f5 -9.854E+02 -7.342E+02 -9.137E+02 5.602E+01

f6 -8.971E+02 -7.116E+02 -8.798E+02 3.811E+01

f7 -7.872E+02 -6.542E+02 -7.538E+02 3.412E+01

f8 -6.798E+02 -6.795E+02 -6.796E+02 6.607E-02

f9 -5.964E+02 -5.903E+02 -5.920E+02 1.444E+00

f10 -4.985E+02 -1.331E+02 -4.500E+02 6.699E+01

f11 -3.860E+02 -3.198E+02 -3.632E+02 1.583E+01

f12 -2.850E+02 -2.086E+02 -2.599E+02 1.880E+01

f13 -1.875E+02 -1.229E+02 -1.545E+02 1.400E+01

f14 9.355E+01 1.375E+03 8.795E+02 2.676E+02

f15 2.386E+02 1.539E+03 1.006E+03 2.506E+02

f16 2.006E+02 2.015E+02 2.010E+02 2.029E-01

f17 3.245E+02 4.091E+02 3.425E+02 1.780E+01

f18 4.252E+02 4.816E+02 4.439E+02 1.282E+01

f19 5.010E+02 9.033E+02 5.037E+02 5.811E+01
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, JST CRST

Benchmark Problems for Evolutionary Design of Experiments

∗T. Uchitane (RIKEN, JST CRST)

Abstract– Applying analyses for big scale system is often required even if the number of numerical ex-
ecutions gets larger exponentially. However, the number of factors to affect the results of such analyses is
fewer than the number of data points in parameter space. This implies that enough analyses results can
be estimated if fewer number of system input–output data sets are obtained. The goal of this study is to
develop a framework to get good estimation of such analyses by using parameter selection algorithms which is
based on evolutionary algorithms. In this paper, benchmark problems are proposed to evaluate the proposed
framework.

Key Words: huge parameter space, design of experiment, analysis of variance, multivariate analysis, data
clustering
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Fig. 1: Examples of pattern classification learning for
FIII,1 system function. TRUE is described as a mark
of rectangle and FALSE is described as a mark of
circle. Level curves of NN as a probability density
function are drown. In the left figure, a pattern clas-
sifier for grid pattern data points is shown and in the
right figure, a pattern classifier for random pattern
data points is shown.
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Fig. 2: Examples of pattern classification learning for
FIII,1 system function with fewer data points. The
left figure shows that learned NN from data points
nearby borders. And the right figure shows that
learned NN from data points not only nearby bor-
ders and also a few additional points. The pattern
classifier in the right NN is better than the left. This
indicate that it is not enough to obtain data points
nearby borders.
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遺伝的アルゴリズムに基づく
病院給食の献立立案支援システムにおける性能評価

○礒川悌次郎 松井伸之 （兵庫県立大学）

Performance Evaluation for Hospital Meal Menu Production
Based on Genetic Algorithm

∗T. Isokawa and N. Matsui (University of Hyogo)

Abstract– One of the approaches for improving quality of life of patients who are undergoing hospital-
ization is to improve hospital meals that are provided to them. To plan daily menus for hospital meals is
very cumbersome, which involves many conditions for nutrition and allergies, and this will become difficult
if patients’ preferences of foods are also taken into consideration for a purpose of enhancing patients’ quality
of life. This task can be formulated as an optimization problem with menu items as variables and specific
nutritional and allergic as its constraints. We have proposed a menu creation scheme to satisfy these condi-
tions with being incorporated patients’ food preferences, and shows a preliminary result for creating menus
for a patient. A genetic algorithm was utilized to better and more efficiently locate combinations of menu
dishes for individual patients. This paper demonstrates that a variety of menus can be produced for patients
with several ranges of ages, three types of physical activities, and allergic conditions.

Key Words: Hospital meals, nutrition intakes, genetic algorithm

1 はじめに
様々な疾患により病院に入院を余儀なくされる患者

にとって生活の質 (Quality of Life; QOL)は重要な要
素であり，これを向上させることは間接的に疾患の治
療にもつながると考えられる．入院生活におけるQOL
を向上させる手段の一つとして，病院内にて提供される
食事いわゆる病院給食の改善が重要である．現在，様々
な病院において病院食のレシピならびにレシピの組み
合わせである献立の改善が行われているが，各患者の
摂取制限などの様々な制約を満足する献立を日々構築
してゆくことは困難であり，各患者の嗜好などを満足
することは人手では不可能に近い．
これまでに栄養計算を考慮に入れた献立作成を支援

する手法が提案されている．例えば文献 1)においては
摂取栄養素等を考慮したレシピを複数提案するが，ど
のレシピを献立に含めるかについては使用者が選択す
る必要があり，主食，主菜などの種別毎に手動でレシ
ピ選択を行う必要がある．文献 2)のシステムでは自動
的に献立の作成を行うことができるが，一度に作成す
ることができる献立は一食のみにとどまっている．文
献 3)においては，摂取栄養素を考慮したレシピを複数
組み合わせることにより複数日の献立作成を行うこと
ができるが，病院給食における献立作成において重要
であるアレルギーについては考慮していない．
このような背景により，著者らは病院食に対応した

献立提案システムを提案している 4)．本システムでは，
遺伝的アルゴリズムを用いることにより，患者の身体
特性 (年齢，性別，身長，体重など)，栄養摂取制限な
らびに嗜好などを考慮した献立の作成を行うことがで
きる．しかしながら，文献 4)においては，本提案シス
テムの出力例として一名の仮想患者に対する献立作成
例しか示されていない．そこで本論文では，提案シス
テムに対して様々な身体特性を有する患者群に対して
献立作成を行うことにより，様々な条件下において安
定した献立作成ができることを示す．

2 摂取目標量
摂取バランスを考慮するためには，患者に応じて食

事の摂取目標量を定める必要がある．本システムでは，
その目標量の基準として食品群別摂取量および食品成
分別摂取量を用いる．食品群別摂取量および食品成分
別摂取量は年齢，性別，体重，身体活動レベルより１
日の摂取目標量をそれぞれ求めることができる．なお，
身体活動レベルとは日常の身体活動を「低い」，「普通」，
「高い」の３段階に区別したものであり，それぞれレベ
ル I, II, IIIとして表記される．レベル Iの身体活動と
は生活の大部分を座位で過ごし静的な活動が中心であ
るというものを指す．また，レベル IIでは座位で過ご
すことが中心であるが，移動や立位での作業や軽いス
ポーツをする程度の身体活動を指す．レベル IIIはさら
に高い身体活動を指す者で有り，移動や立位での仕事
が多い仕事に従事しており，活発な運動習慣がある．
本研究では食品群別摂取量および食品成分別摂取量

が定められた目標量を偏りなく満たしているものを摂取
バランスの良い献立とする．食品成分別摂取量 (Intakes
for Food Constituents; IFC)は，三大栄養素であるた
んぱく質，脂肪，炭水化物にエネルギー，塩分を加え
た５項目における１日の摂取量である．食品群別摂取
量 (Intakes for Food Groups; IFG)は，各食品群にお
ける１日の摂取量である．ここで食品群とは，栄養的
によく似た食品をまとめた集まりであり，本研究では
Table 1に示す４群点数法に基づく分類を採用する．各
摂取項目には１日における摂取目標量が定められてお
り，身体情報から文献 5) より設定することができる．

3 提案システム
本研究で提案するシステムでは，入力された身体情

報および選択されたレシピに対して摂取バランスを考
慮した献立を作成・提示する．具体的には，設定した
摂取目標量が充足される割合 (充足率)を計算し，予め
設定した閾値を超える献立の組み合わせを探索し提示

第7回コンピューテーショナル・インテリジェンス研究会 
（2015年5月29日-30日・仙台）

- 13 - 15PG0007 © SICE 2015



Table 1: Four core food groups and their constituents
Group Foods

1 Milk, dairy products (cheese), eggs (of
hens, quails)

2 Seafood (fish, shellfish, calamari), meat
(beef, pork, chicken), beans, bean prod-
ucts (bean curd)

3 Vegetables (carrots, spinach), tubers,
roots (potatoes, sweet potatoes), fruits
(oranges, apples)

4 Grains, cereals (rice, noodle, bread),
sugars (caster sugar), fats (sunflower
oil, batter)

する．本システムでは，５日分の昼食と夕食の献立 (計
10食分)を作成する．なお，献立は主食，主菜，副菜２
品，汁物の組み合わせにより構成される．ただし，計
10食の献立の中では主菜の重複を禁止している．
本提案システムにおいて用いる摂取目標量は，患者

の身体情報から計算される．ただし，身長，体重から求
めた BMI(ボディマス指数)が 18.5未満もしくは 25以
上の場合，すなわち低体重者または肥満者の場合には，
身長に対する適正体重を利用して摂取目標量を設定す
る．次に，摂取目標量の 1/3を一食分の規定量に設定
する．この規定量は昼食時の献立を作成する際に用い
られる．夕食時の規定量は昼食の過不足分を補うよう
に設定する．すなわち，各摂取項目における第 1日目
から第 5日目までの過不足分の平均をとり，夕食時の
規定量に加えることにより昼食時の過不足分を補う．
本手法においては，レシピを適切に組み合わせて献

立を作成する方法として遺伝的アルゴリズム (Genetic
Algorithm; GA)を導入する．GAを適用するためには，
解候補個体 (染色体)の表現方法，その個体を評価する
評価関数，ならびに個体群に対する遺伝的操作 (選択，
交叉，突然変異)の定義が必要となる．
各個体は献立候補であるので，主食，主菜，副菜，副

菜，汁物という要素から構成される．この各要素に対
してシステムに登録されたレシピ番号を二進数表現し
たものを付与する．各構成要素は 5ビットの二進数数値
で表現するため，個体は 25ビット長のビット列となる．
また，この個体に対する評価関数として充足率を用

いる．前節にて説明した規定量に対して食品群，食品
成分ごとの充足率を求める．充足率 pc[%]は規定量 aT
と規定量に対する過不足分 aeから式 (1)で求める．た
だし規定量として上限および下限が定められている場
合には，摂取量が範囲内の場合に充足率を 100%とし，
範囲外の場合において式 (1)により充足率を求める．

pc = |aT − ae| /aT × 100 (1)

さらに，式 (1)で求められた充足率の平均と標準偏差を
食品群別摂取量と食品成別摂取量についてそれぞれ計
算し，この平均と標準偏差の差を個体の適応度とする．
ただし，献立のレシピにアレルギー成分が含まれてい
る，選択レシピが反映されていない，あるいは，ごは
ん以外の主食および主菜が重複している場合には適応
度を 0に設定する．
GAにおける個体選択方法はエリート選択とルーレッ

Fig. 1: Implementation of the proposed scheme: entry
of physical attributes and output of calculated nutri-
tional intakes

Fig. 2: Implementation of the proposed scheme: list
of menus for patient’s recommendation

ト選択の組み合わせであり，最も適応度の高い個体を
必ず次世代に残し，残りの個体は適応度に応じた確率
により選択・淘汰される．また，個体間の交叉方法と
しては一様交叉を採用する．以下のシステム評価の実
験においては，遺伝的アルゴリズムのパラメータとし
て，個体数 60，交叉率 0.9，突然変異率 0.01とした．

4 提案システムの評価
著者らは提案システムをMicrosoft Windows上のソ

フトウェアとして実装している．このソフトウェアの
動作例を Fig. 1，Fig. 2，および Fig. 3に示す．この
例では，35歳男性，体重 68.5kg，身長 170.5cm，身体
活動レベル II，食物アレルギーなしという身体特徴を
持つ仮想患者に対する献立作成を想定している．この
患者の場合，図 1に示すように一日における食品群別
摂取量は 300g(第 1群)，220g(第 2群)，650g(第 3群)，
440g(第 4群)と算出される．
Fig. 2にはシステムのデータベースに登録されてい

るレシピの一覧と，これより選択された 5種類のレシ
ピを示している．データベースに登録しているレシピ
ならびにレシピ名は文献 6)にある病院食レシピを用い
ている．
提案システムにより探索された献立の例をFig. 3に

示す．この図では，第 1日目の昼食と夕食の献立の候
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Table 2: An example of nutrient adequacies for the 1st day (male, 35 years, 68.5 kgs, 170.5 cm, Level II of
physical activity)

(a) Lunch

intakes target intakes

Food group #1 87 g 100 g
Food group #2 60 g 73.3 g
Food group #3 255 g 216.7 g
Food group #4 135 g 146.7 g

Averaged adequate
for IFGs 85.79

Variance for IFGs 4.14
Point for IFGs 81.65

Energy 750.3 kcal 891.1 kcal
Protein 30 g 20 ∼ 45.7 g
Calories 26 g 19.8 ∼ 24.8 g
Carbohydrate 96.6 g 111.4 ∼ 154.2 g
Salt 3 g ≤ 3 g

Averaged adequate
for IFCs 93.19

Variance for IFCs 6.62
Point for IFCs 86.58

Fitness 84.94

(b) Dinner

intakes target intakes

Food group #1 100 g 103 g
Food group #2 55 g 71.5 g
Food group #3 189.5 g 174.5 g
Food group #4 157 g 153 g

Averaged adequate
for IFGs 90.72

Variance for IFGs 8.29
Point for IFGs 82.43

Energy 731.6 kcal 1075.3 kcal
Protein 25.9 g 8.9 ∼ 60.2 g
Calories 26.9 g 17.4 ∼ 27.3 g
Carbohydrate 92.6 g 131.5 ∼ 226.3 g
Salt 2.8 g ≤ 2.9 g

Averaged adequate
for IFCs 87.69

Variance for IFCs 15.09
Point for IFCs 72.60

Fitness 75.87

Fig. 3: Implementation of the proposed scheme: com-
posed candidates ofmenus for the first day’s lunch and
dinner

補が示されており，献立の内容とともに各食品群の摂
取量，充足率なども示されている．この第 1日目の献
立に関する食品摂取量，目標摂取量，およびそれらか
ら算出される適応度をTable 2に示す．また，5日分の
昼食ならびに夕食に関して探索・提示した各献立につ
いての適応度をTable 3に示す．これらの結果より，提
案システムは高い適応度を持つ献立の組み合わせを探
索できておりことが分かる．

本提案システムの有効性を示すために，Table 4に示
す患者群についてそれぞれ献立作成を行う．この表に
示すように，患者群は年齢，性別，身体特徴，アレル
ギーなどが互いに異なるように設定した．患者の身長
および体重については，日本人の平均付近となるよう
に設定している．各患者に対して，ランダムな嗜好に
基づく献立選択および異なる初期個体群を用いた献立
探索実験を行った．各日における昼食・夕食の献立に
対する平均適応度を Table 5に示す．この表より，多
くの場合において高い適応度を持つ献立群が発見でき
ていることが分かる．いくつかの場合において，特に

Table 3: Fitness values for five days’ lunches and din-
ners for the virtual patient (male, 35 years, 68.5 kgs,
170.5 cm, Level II of physical activity)

Adequacies Adequacies
Day for lunch [%] for dinner [%]

1 84.94 75.87
2 81.36 74.59
3 76.65 74.53
4 83.69 72.20
5 78.84 67.34

Average 80.50 72.91

患者 Id:W60に対しては低い適応度の献立しか得られ
ていない．これはデータベースに登録されているレシ
ピ数が少ない (72種類)ことが原因であると考えられ，
この問題はレシピのデータベースの拡充により改善可
能である．

5 まとめ
本研究では，患者の摂取バランスならびに嗜好を考

慮した献立作成支援システムについてその有効性の検
証を行った．提案システムでは患者の身体情報から摂
取目標量を設定することにより患者各個人に応じた献
立の作成を行うことができる．様々な仮想患者に対す
る実行結果より昼食，夕食ともに献立の平均適応度が
高い献立を探索できていることがわかり，これにより
本システムの有効性を確認できた．
参考文献
1) 苅米,藤井，“栄養素等摂取バランスの分析に基づく食生活
支援システム,” 日本データベース学会論文誌，8-4，1/6
(2010)

2) 加島, 石井, “食材分類による献立作成の提案,” 数理解析
研究所講究録, 1629, 1/7, (2009)
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Table 4: Several virtual patients with their physical attributes, used for the targets of menu creation
Id. gender ages height [cm] weight [kg] Activity level Allergies

M20 male 18-29 171.4 63.0 3 N/A
M40 male 30-49 170.5 68.5 2 N/A
M60 male 50-69 165.7 65.0 1 N/A
W20 female 18-29 158.0 50.6 3 N/A
W40 female 30-49 158.0 53.0 2 N/A
W60 female 50-69 153.0 53.6 1 N/A
MAc male 30-49 170.5 68.5 2 Cereal
MAm male 30-49 170.5 68.5 2 Milk

Table 5: Fitness values for virtual patients (averaged for 10 trials)

M20 M40 M60 W20
Day Lunch Dinner Lunch Dinner Lunch Dinner Lunch Dinner

1 76.26 66.40 78.82 76.92 85.99 82.72 88.56 83.11
2 76.32 67.13 84.32 75.66 84.00 83.51 82.69 83.24
3 75.44 65.40 80.30 76.95 85.46 80.64 75.30 80.52
4 75.69 65.11 79.87 73.28 82.13 80.18 79.89 79.74
5 75.77 65.70 79.10 72.51 84.04 81.26 86.09 82.41

Average 75.89 65.95 80.48 75.07 84.33 81.66 82.51 81.80

W40 W60 MAc MAm
Day Lunch Dinner Lunch Dinner Lunch Dinner Lunch Dinner

1 80.37 80.54 76.37 59.95 74.51 74.14 75.21 74.84
2 85.39 80.29 82.18 63.61 81.88 72.90 74.50 70.86
3 84.58 80.09 64.43 62.39 78.79 71.36 80.85 72.22
4 83.66 80.31 75.82 60.22 73.61 72.33 69.28 67.38
5 82.80 79.53 81.61 68.48 78.45 66.59 80.27 68.57

Average 83.36 80.15 76.08 62.93 77.45 71.46 76.02 70.78

る食生活支援システム～栄養管理システムの最適化～,”
第 27 回ファジィ・システム・シンポジウム講演論文集,
1135/1140 (2011)

4) 礒川, 井尾, 上浦, 小野, 松井, “患者の摂取制限に適応した
病院給食の献立立案支援システムの構築,” 第 58回システ
ム制御情報学会研究発表講演会講演論文集, 135-7 (2014)

5) 厚生労働省: 日本人の食事摂取基準 (2010 年版), http:
//www.mhlw.go.jp/shingi/2009/05/s0529-4.html

6) 足立, “せんぽ東京高輪病院 500kcal 台のけんこう定食,”
ワニブックス (2012)
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Bipedal Walking in Consideration of Slip and The Evaluation Based on
Dynamic Reconfiguration Ability

∗X.Li T.Feng H.Imanishi M.Minami T.Matsuno A.Yanou (Okayama University)

Abstract– Humanoid’s bipedal walking realized by controllers’ based on Zero Moment Point (ZMP) known as reliable
control method deems to be different from human’s walking on the view point that ZMP-based walking does not include
falling state. However, the walking control including falling state is vulnerable to turnover. Therefore, keeping the event-
driven walking dynamical motion stable is important issue for realization of human-like walking. In this thesis, walking
model of humanoid including slipping of supporting foot and contacting foot, bumping, surface-contacting and point-
contacting of foot is discussed, and its dynamical equation is derived by Newton-Euler method. Then, we propose walking
stabilizer named “Visual Lifting Stabilization” strategy to enhance standing robustness and prevent the robot from falling
down. Besides, in order to investigate the flexibility of angular acceleration of each joint of robot, a new concept named
Dynamic Reconfiguration Manipulability (DRM) which indicates dynamical shape-changeability by using redundancy is
proposed as an index to optimize design and posture control of robots. And then, we apply the DRM into humanoid robot
to research its dynamical reconfiguration ability during walking.

Key Words: Dynamic Reconfiguration Manipulability, Shape-changeability, Humanoid Robot
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Fig. 3: Definition of humanoid’s link, joint and angle number

Table 1: Physical parameters

Link li mi di

Head 0.24 4.5 0.5

Upper body 0.41 21.5 10.0

Middle body 0.1 2.0 10.0

Lower body 0.1 2.0 10.0

Upper arm 0.31 2.3 0.03

Lower arm 0.24 1.4 1.0

Hand 0.18 0.4 2.0

Waist 0.27 2.0 10.0

Upper leg 0.38 7.3 10.0

Lower leg 0.40 3.4 10.0

Foot 0.07 1.1 10.0

Total 1.7 63.8
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ΣH
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HT Hd
(ψd(t),ψ(t)) = HT R(ψ(t)) · HdT R

−1
(ψd(t))

(1)

(1) HT R
9, 10)

“On-line visual pose estimation” ψ(t)
HT R

δψ(t) = ψd(t)−ψ(t)

τh(t) = JH(q)Kpδψ(t) (2)

JH(q)
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(3)

(4)
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Fig. 8: States and gait transition including slip motion
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5 (DRM)

5.1

(5)

M(q)q̈ + h(q, q̇) + g(q) + Dq̇ = τ (5)

M(q)∈Rn×n h(q, q̇)∈Rn

g(q)∈Rn

D = diag[d1, d2, · · · , dn] τ ∈
Rn q ∈ Rn i

ri q

ri = f i(q) (i = 1, 2, · · · , n) (6)

6 t i
ṙi q̇

ṙi = J i(q)q̇ (7)

J i(q) ∈ Rm×n ṙi q
0 J i = [J̃ i, 0]

(7) t

r̈i = J i(q)q̈ + J̇ i(q)q̇ (8)

J̇ i(q)q̇ q ri 2

( q̇2
i

q̇i−1q̇i

) (5) (8) q̈

r̈i − J̇ iq̇ = J iM
−1[τ − h(q, q̇) − g(q) − Dq̇] (9)

τ̃
�
= τ − h(q, q̇) − g(q) − Dq̇ (10)

¨̃ri
�
= r̈i − J̇ iq̇ (11)

τ̃ r̃i 9

¨̃ri = J iM
−1τ̃ (12)

(12)
τ̃

¨̃ri

τ̃

fĩ = (JiM−1)+¨̃ri +
ˆ
In − (JiM−1)+(JiM−1)

˜
k (13)

(J iM
−1)+ (J iM

−1) In ∈
Rn×n k ∈ Rn

‖τ̃‖ ‖τ̃‖≤1 τ̃
¨̃ri

(14) J i(q)

Fig.10

¨̃rT
i

»
Ji

“
MTM

”−1
JT

i

–+
¨̃ri ≤ 1, and ¨̃ri ∈ R(JiM−1) (14)
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Fig. 10: (a) Dynamic manipulability ellipsoids (DMEs) represent the

realizable accelerations ¨̃ri for each link without prior task at hand, and
(b) dynamic reconfiguration manipulability ellipsoids (DRMEs) repre-

sent the realizable accelerations Δ 1r̈j for intermediate links with a hand
task being executed as a primary acceleration task.

5.2 (DRM)

(i = n) ¨̃rn τ̃
(12)

¨̃rn = JnM−1τ̃ (15)

¨̃rnd
¨̃rnd τ̃

fĩ = (JnM−1)+¨̃rnd +
ˆ
In − (JnM−1)+(JnM−1)

˜
1l (16)

1l ∈ Rn [In − (JnM−1)+

(JnM−1)] 1l
(16) ¨̃rnd

τ̃ ‖τ̃‖
¨̃rnd

1l
j

(1≤j≤n − 1)

“1”

¨̃rnd j 1¨̃rj

(12) (16) τ̃

1¨̃rj = J jM
−1(JnM−1)+¨̃rnd

+J jM
−1
[
In − (JnM−1)+(JnM−1)

]
1l (17)

(11) (17)

1r̈j − J̇ j q̇ − J jM
−1(JnM−1)+(r̈nd − J̇nq̇) =

J jM
−1
[
In − (JnM−1)+(JnM−1)

]
1l (18)

1¨̂rj
�
= J̇j q̇ + JjM−1(JnM−1)+(r̈nd − J̇nq̇) (19)

Δ 1r̈j
�
= 1r̈j −1 ¨̂rj (20)

1Λj
�
= JjM−1

ˆ
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˜
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Fig. 11: Reconfiguration relation of j-th intermediate link during hand

executing task r̈nd. 1¨̂rj means influence of hand task to j-th link as

shown in Eq.(19). JjM−1(JnM−1)+r̈nd is a induced acceleration

of j-th link by r̈nd. If 1r̈j is required to be generated at j-th link, Δ1r̈j

determined by Eq.(20) have to be realized through 1l in Eq.(22).

(8) (11) (19) (20) Fig.11
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j
1 j
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j (20)
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(Dynamic Reconfiguration Manipulability, DRM)

(22) r̈nd
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Δ1r̈j

Δ1r̈j ∀1r̈j∈Rm

1Λj
1Λj ∀Δ1r̈j

(22) Δ1r̈j
1l

1l = 1Λ+
j Δ1r̈j + (In − 1Λ+

j
1Λj) 2l (23)

(23) 2l ∈ Rn

In − 1Λ+
j

1Λj

j
1l ‖1l‖ ≤ 1

(23)

(Δ1r̈j)T(1Λj
1ΛT

j )+Δ1r̈j ≤ 1 (24)

Λj rank(1Λj) = m
(24) m

rank(1Λj) < m (24)

Fig.10(b)

DRM

. 1Λj

,

1Λj = 1U j
1Σj

1V T
j (25)

1Σj =

⎡⎢⎢⎢⎣
r n − r

1σj,1 0

r
. . . 0

0 1σj,r

m − r 0 0

⎤⎥⎥⎥⎦ (26)

1U ∈ Rm×m,1 V ∈ Rn×n

rank(1Λj) = r � m 1σj,1≥ · · · ≥1σj,r > 0
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j

1wj =1 σj,1 ·1 σj,2 · · ·1 σj,r (27)

1wj

j

(Dynamic Reconfiguration Manipulability Measure,

DRMM)

DRME, DRMM 1Λj
1Λj (21) J i(q) Jn(q) M(q)

q DRME,

DRMM

5.3 DRM

3

Kp = diag[20, 290, 1100]
Kp = diag[20, 290, 950] Kp =

diag[20, 290, 900] Fig. 12(a),

(b) (c)

Fig. 12 (a),

(b) (c) 4

DRM

q = [q2, q3, · · · , q18]T

q = [q1, q2, · · · , q18]T

Fig. 12(c) (a)

DRM

(c) Fig. 13

(DRMSI)

(c) (a)

(c)

(b) Medium lifting gain

(c) Small lifting gain

(a) Large lifting gain (Kp = diag[20; 290; 1100])

(Kp = diag[20; 290; 950])

(Kp = diag[20; 290; 900])

DRME

Fig. 12: Screenshot of humanoid walking on uneven

ground
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Fig. 13: DRMSI until t=15.0[s]

Fig. 14: The uneven ground

δh
0.01[m], 0.02[m], 0.03[m]

Kp = diag[20, 290, 950]( )

Kp = diag[20, 290, 1100]( )

DRMSI Fig 15

Fig 26
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Fig. 15: Case: Low lifting-gain (Kp =
diag[20, 290, 950]), δh = 0.01[m]
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Fig. 16: Case: Low lifting-gain (Kp =
diag[20, 290, 950]), δh = 0.02[m]
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Fig. 17: Case: Low lifting-gain (Kp =
diag[20, 290, 950]), δh = 0.03[m]
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Fig. 18: Case: Low lifting-gain (Kp =
diag[20, 290, 950]), δh = 0.04[m]
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Fig. 19: Case: Low lifting-gain (Kp =
diag[20, 290, 950]), δh = 0.05[m]
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Fig. 20: Case: Low lifting-gain (Kp =
diag[20, 290, 950]), δh = 0.06[m]

Fig. 21: Screenshot of humanoid walking on uneven

ground with Low lifting-gain (Kp = diag[20, 290, 950]),
δh = 0.01[m]

Fig. 22: Screenshot of humanoid walking on uneven

ground with Low lifting-gain (Kp = diag[20, 290, 950]),
δh = 0.06[m]
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Fig. 23: Case: High lifting-gain (Kp =
diag[20, 290, 1100]), δh = 0.01[m]
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Fig. 24: Case: High lifting-gain (Kp =
diag[20, 290, 1100]), δh = 0.02[m]
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Fig. 25: Case: High lifting-gain (Kp =
diag[20, 290, 1100]), δh = 0.03[m]
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Fig. 26: Case: High lifting-gain (Kp =
diag[20, 290, 1100]), δh = 0.04[m]

Fig. 27: Screenshot of humanoid walking on

uneven ground with High lifting-gain (Kp =
diag[20, 290, 1100]), δh = 0.01[m]

Fig. 28: Screenshot of humanoid walking on

uneven ground with High lifting-gain (Kp =
diag[20, 290, 1100]), δh = 0.04[m]
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Eye-Vergence

Visual Servoing System based on Eye-Vergence

∗Tian Hongzhi, Hou Sen, Minami Mamoru, Yu Fujia, Maeda, Koichi and Yanou Akira
(Okayama University)

Abstract– Towards moving target visual servoing with hand-eye cameras fixed at the hand is inevitably
affected by hand dynamical oscillations, therefore it’s difficult to make target’s position always at the center
of camera’s view, because nonlinear dynamical effects of whole manipulator stand against tracking ability.
One proposal to solve the problem is that the visual servoing controllers of the hand and eye-vergence are
separated independently by decoupling each other, so that the camera can rotate to observe the target object
better. The track ability of the eye-vergence motion is superior to the one of hand since the eyes’ motion can
be quicker than the hand’s motion because of the eyes’ light mass. In this report the merit of eye-vergence
visual servoing for tracking have been confirmed on condition of full six degree-of-freedom(DOF) pose being
estimated in real time.

Key Words: Visual Servoing, Eye-vergence, 1-step genetic algorithm(GA), Object tracking
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15)

Fig.1

Eye-Vergence
16)

Eye-Vergence

(Fig.2 (a))

Fig. 1: People watching a moving object
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Fig. 2: Disadvantage of Fixed Camera System
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Fig. 3: Advantage of Eye-vergence System
(Fig.2 (b))

Fig.2(c)

.

Fig.3
(a)-(c)

Fig.3 (a)-(c) Fig.2 (a)-(c)
Eye-Vergence

(a) (b) (c)

17, 18)

Fig. 3 Eye-Vergence
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Fig. 4: Dynamical Advantage of Eye-Vergence System
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Fig.5
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Fig. 5: Motion of the end-effector and object
(1) W TM (t) =

(W TE(t)E
TM (t))

EdTM (t) .ETM (t) 1-step
GA13, 19)

ΣM̂

ΣM ΣM̂

(1)
ETEd(t)

ΣM̂

ETEd(t) = ETM̂ (t)M̂TEd(t) (2)

(2)

EṪEd(t) = EṪM̂ (t)M̂TEd(t) + ETM̂ (t)M̂ ṪEd(t). (3)

ET̈Ed(t) = ET̈M̂ (t)M̂TEd(t) + 2EṪM̂ (t)M̂ ṪEd(t)+
ETM̂ (t)M̂ T̈Ed(t), (4)

M̂TEd, M̂ ṪEd, M̂ T̈Ed
ETM̂ ,EṪM̂ , ET̈M̂

Fig.5
0

MTM̂

ETEd

MTM̂ 1-step GA 19, 20)

MFF 13) Eye-Vergence 0

21) ETEd

2.2 1-step GA
/ ,

(GA)
1-step GA 19) GA

GA

3
6
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Fig. 6: Hand & Eye-vergence Visual Servoing System
MFF

13)

2.3
2.3.1

Fig.6 .
Fig.7

W ṙd ,

W ṙd = KPp

W rE,Ed + KVp

W ṙE,Ed, (5)

PD W rE,Ed,
W ṙE,Ed

ΣE ΣW
ETEd

EṪEd

KPp
KVp

/ W ψT
d =

[W rT
d ,W εT

d ]T
W ωd

W ωd = KPo

W rE
EΔε + KVo

W ωE,Ed, (6)

EΔε
19) ΣE

1-step GA W ωE,Ed

ΣE ΣW
ETEd

KPo
KVo

/ W ψT
d = [W rT

d ,W εT
d ]T

PA-10(
)

1 q1 0

qd q̇d

qd = f−1(W ψT
d ) (7)

q̇d = Kpa(qd − q) + J+(q)
[

W ṙd
W ωd

]
(8)

f−1(W ψT
d )

Kpa
.J+(q) J(q)

J+(q) = JT (JJT )−1
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Fig. 7: Block diagram of the hand visual servoing
system
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Fig. 8: Calculation of tilt and pan angles
,

τ = KSP (qd − q) + KSD(q̇d − q̇) (9)

KSP KSD

2.3.2 Eye-Vergence
Eye-Vergence Fig.6

Eye-Vergence

q8

q9 q10 q8

Fig.8 , ExM̂
EyM̂

EzM̂

q8d = atan2(EyM̂ , EzM̂ ) (10)

q9d = atan2(l8R − ExM̂ ,E zM̂ ) (11)

q10d = atan2(l8L + ExM̂ ,E zM̂ ) (12)

l8L = l8R = 120[mm]
z

RxM̂ ,
RyM̂

RzM̂
RxM̂ = 0 RyM̂ = 0

Eye-Vergence

q̇8 = KP (q8d − q8) + KD(q̇8d − q̇8) (13)

q̇9 = KP (q9d − q9) + KD(q̇9d − q̇9) (14)

q̇10 = KP (q10d − q10) + KD(q̇10d − q̇10) (15)
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(a) Sketch map of the eye-vergence system 

(b) Sketch map of the cameras
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Fig. 9: Frame structure of manipulator
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Fig. 10: 3D marker

KP KD

3
3.1

PA-10(
) PA-10 SONY

( 30[fps])

CCD-TRV86( 1/6 CCD f
3.6[mm] α 38[deg])

PA-10 PC DELLOptiplex(OS
windows2000 CPU Pentium4 2GHz)

PCI5520
Fig.9(a) (b)

3D
40[mm]

100[mm] Fig.10

Fig.11

3.2
ΣE0

ΣM0 ΣW ΣE0

ΣW ΣM0

W TE0 =

⎡⎢⎢⎣
0 0 −1 −690[mm]
1 0 0 −150[mm]
0 −1 0 485[mm]
0 0 0 1

⎤⎥⎥⎦ (16)

W TM0 =

⎡⎢⎢⎣
0 0 −1 −1235[mm]
1 0 0 −150[mm]
0 −1 0 585[mm]
0 0 0 1

⎤⎥⎥⎦ (17)
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Fig. 11: Object and the visual-servoing system
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Fig. 12: Cameras’ and End Effector’s gazing point

3D

W TM =

⎡⎢⎢⎣
0 0 −1 −1235[mm]
1 0 0 −150 cos(ωt)[mm]
0 −1 0 585[mm]
0 0 0 1

⎤⎥⎥⎦ (18)

EdψM = [0,−100[mm], 545[mm], 0, 0, 0] (19)

3.3 Gazing point

Fig.12
, Gazing point . 1-

step GA Gazing point
, Gazing point

. Fig.13
q9d

,q10d
0 < q9d

< π
2 , 0 < q10d

< π
2

z

x
= tan(

π

2
− q10d

) (20)
z

240 − x
= tan(

π

2
− q9d

) (21)

2 x,z .
Gazing pointLP

LP =

2
6666666664

240tan( π
2 −q9d

)

tan( π
2 −q10d

)+tan( π
2 −q9d

)

0
240tan( π

2 −q10d
)tan( π

2 −q9d
)

tan( π
2 −q10d

)+tan( π
2 −q9d

)

3
7777777775

(22)

Gaing
point

第7回コンピューテーショナル・インテリジェンス研究会 
（2015年5月29日-30日・仙台）

- 28 - 15PG0007 © SICE 2015



��

��
��

������

�
���� ���

� ��

Fig. 13: Calculation cameras’ gazing point

�������	
����


�������	��� ����������	�

�	
���

�	
��
�
�
��

��� ��� ���

Fig. 14: Hand eye system and object position
3.4

Fig. 14 6
T = 20[s]

(b)
(a) (c)

End effector
x

Gazing Point( )
Eye-vergence

Eye-Vergence

/
Fig.15

ω=0.314(0.1π) 0.628(0.2π)
1.256(0.4π) Eye-Vergence

Fig.15(a) (b) (c)
60[s]

(d) (e) .
A = M0xM(t) B = M0xE(t) Eye-

Vergence A = M0xM(t) B = M0xM̂

f
(a)-(e) End effector

Gazing
point Eye-Vergence

Fig.15 (d)
f = 0.05[Hz]

Eye-Vergence 0[dB]
f = 0.2[Hz]

�����amplitude-frequency


�
��
��
��
	�

��
��

���
��

 ��!"���#$%�&

����������	�

�������	���

�����angle-frequency

�'
��
��
�

�

 ��!"���#$%�&

����������	�


�������	���

������=0.314

����$�&

�
����=0.628

(��
	�
���
	�

$�
�
& 
�������	���

������� 	
����

����������	�

����$�&


�������	���

�������	
����

����������	�

(��
	�
���
	�

$�
�
&

����$�&


�������	����������	
����

����������	�

(��
	�
���
	�

$�
�
&

������=1.256

Fig. 15: True object’s pose is directly given to the
system, which can cancel the recognition error, so in
this figure we can see only the dynamic error, and
the camera can track the object much better than the
end-effector.

第7回コンピューテーショナル・インテリジェンス研究会 
（2015年5月29日-30日・仙台）

- 29 - 15PG0007 © SICE 2015



�����amplitude-frequency


�
��
��
��
	�

��
��

���
��

 ��!"���#$%�&

����������	� 
�������	���

�'
��
��
�

�

 ��!"���#$%�&
�����angle-frequency

����������	�

�������	���

������=0.314
����$�&

�
����=0.628

����$�&

�������	
���� 
�������	�������������	�

������=1.256


�������	���

�������	
����

����������	�
(��

	�
���
	�

$�
�
&

����$�&

�������	
����


�������	��� ����������	�

(��
	�
���
	�

$�
�
&

(��
	�
���
	�

$�
�
&

Fig. 16: The object’s pose ε1, ε2 and ε3 are assumed
to be given to servoing controller and the object’s pose
x, y and z are recognized by camera.

Fig.15
Fig.16 Gazing Point( )

Eye-Vergence

Fig.17
Fig.18 Fig.19 x

End
effector x y z

Eye-Vergence

4

Eye-Vergence

Eye-Vergence
Eye-Vergence

1) S.Hutchinson, G.Hager, and P.Corke: A Tutorial on
Visual Servo Control, IEEE Trans. on Robotics and
Automation, Vol.12, No.5, 651/670(1996)

2) P.Y.Oh, and P.K.Allen: Visual Servoing by Partition-
ing Degrees of Freedom, IEEE Trans. on Robotics and
Automation, Vol.17, No.1, 1/17(2001)

3) E.Malis, F.Chaumentte and S.Boudet: 2-1/2-D Vi-
sual Servoing, IEEE Trans. on Robotics and Automa-
tion, Vol.15, No.2, 238/250(1999)

4) P.K.Allen, A.Timchenko, B.Yoshimi, and
P.Michelman: Automated Tracking and Grasp-
ing of a Moving object with a Robotic Hand-Eye
System, IEEE Trans. on Robotics and Automation,
Vol.9, No.2, 152/165(1993)

5) Wolfgang Sepp, Stefan Fuchs and Gerd Hirzinger:
Hierarchical Featureless Tracking for Position-Based
6-DoF Visual Servoing, Proceedings of the 2006
IEEE/RSJ Int. Conf. on Intelligent Robotics and Sys-
tems (IROS), 4310/4315(2006)

6) Toshifumi Hiramatsu, Takanori Fukao, Keita
Kurashiki, Koichi Osuka “Image-based Path Fol-
lowing Control of Mobile Robots with Central
Catadioptric Cameras” IEEE International Confer-
ence on Robotics and Automation Kobe, Japan, May
12-17(2009)

7) Omar Tahri, Youcef Mezouar “Generic Decoupled
Image-Based Visual Servoing for Cameras Obey-
ing the Unified Projection Model” IEEE Interna-
tional Conference on Robotics and Automation Kobe,
Japan, May 12-17(2009)

8) Amei massoud Farahmand, Azad Shademan, Mar-
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Fig. 17: Movement of the x-axis direction of hand
coordinate system. The object’s pose x, y, z, ε1, ε2
and ε3 are recognized by camera.
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Fig. 18: Movement of the y-axis direction of hand
coordinate system. The object’s pose x, y, z, ε1, ε2,
ε3, are recognized by camera.
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Fig. 19: Movement of the z-axis direction of hand
coordinate system. The object’s pose x, y, z, ε1, ε2,
ε3, are recognized by camera.
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Consideration of the state representation for semi-autonomous reinforcement learning of sailing 

within a navigable area 

Abstract    To sail quickly to a goal within a navigable area, complex control of the rudder and sail is needed. 
Sailors need to determine the current action considering the time series of states, i.e. not only the current state but 
also the future state. Reinforcement learning is an appropriate method to learn a complex problem such as sailing. 
In this paper, we apply the navigable area such that a robotic sailor needs to avoid touching a boundary. 
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How Further Search Pruning Works
for Complex-Valued Multilayer Perceptron Learning

∗S. Satoh and R. Nakano (Chubu University)

Abstract– In the search space of a complex-valued multilayer perceptron having J hidden units, C-MLP(J),
there are singular regions, where the gradient is zero, as is the case with a real-valued MLP. Since a method
called complex singularity stairs following, C-SSF, starts searches of C-MLP(J) from singular regions formed
from the best solution of C-MLP(J-1), C-SSF allows for finding excellent solutions. However, the number of
searches tends to increase in the process of C-SSF, as J gets larger. To deal with this problem, we proposed
C-SSF1.1, which prunes searches that merge onto previous search routes. In this paper, we propose C-SSF1.3,
which goes further with search pruning, and then evaluate the proposed method in terms of solution quality
and processing time.

Key Words: Complex-valued multilayer perceptron, Singular region, Search pruning
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Fig. 2: Training and test errors for artificial data 1.
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Table 1 C-

Table 1: Numbers of searches for artificial data 1.
J C-BP C-BFGS C-SSF1.2 C-SSF1.3

1 100 100 38 38
2 100 100 132 132
3 100 100 321 321
4 100 100 160 100
5 100 100 220 100
6 100 100 237 100

Table 2: CPU time for artificial data 1. (hr:min:sec)

J C-BP C-BFGS C-SSF1.2 C-SSF1.3

1 00:35:38 00:00:30 00:00:13 00:00:13
2 00:53:57 00:00:53 00:00:39 00:00:39
3 01:10:27 00:01:08 00:03:09 00:03:09
4 01:39:13 00:02:18 00:01:19 00:01:00
5 01:22:45 00:02:35 00:02:56 00:02:07
6 01:41:25 00:03:54 00:04:06 00:02:53

total 07:23:24 00:11:19 00:12:22 00:10:02

SSF1.2, 1.3 C-
SSF1.3 J = 4 100
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J = 4
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Fig. 3: Training and test errors for artificial data 2.

Table 3: Numbers of searches for artificial data 2.
J C-BP C-BFGS C-SSF1.2 C-SSF1.3

1 100 100 16 16
2 100 100 81 81
3 100 100 162 162
4 100 100 70 70
5 100 100 80 80
6 100 100 177 100
7 100 100 190 100
8 100 100 269 100
9 100 100 568 100
10 100 100 306 100
11 100 100 593 100
12 100 100 583 100
13 100 100 1042 100
14 100 100 770 100
15 100 100 1664 100
16 100 100 838 100

C-SSF1.2, 1.3
J = 12 13

Table 3 Table
2 C-SSF1.2, 1.3

C-SSF1.3 J = 6 100
C-SSF1.2

C-BP C-BFGS C-SSF1.2 C-SSF1.3
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Fig. 4: Outputs of C-MLPs.

Table 4 C-BP
5 C-BP 41
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Table 4: CPU time for artificial data 2. (hr:min:sec)

J C-BP C-BFGS C-SSF1.2 C-SSF1.3

1 00:38:58 00:01:03 00:00:10 00:00:10
2 01:11:01 00:01:46 00:02:16 00:02:18
3 01:12:26 00:03:38 00:05:27 00:05:33
4 01:29:03 00:04:47 00:03:00 00:03:07
5 01:39:42 00:06:10 00:03:17 00:03:25
6 01:55:47 00:07:22 00:08:27 00:07:08
7 02:11:15 00:09:22 00:09:16 00:06:26
8 02:22:59 00:11:08 00:14:34 00:07:46
9 02:33:36 00:13:54 00:22:46 00:06:55
10 02:54:17 00:15:51 00:13:31 00:06:27
11 03:04:18 00:18:23 00:30:37 00:07:39
12 03:20:16 00:19:35 00:24:39 00:07:27
13 03:49:26 00:22:03 00:38:24 00:09:32
14 04:00:40 00:26:08 00:24:32 00:06:28
15 04:12:06 00:25:33 01:04:22 00:06:42
16 04:33:26 00:28:11 00:31:31 00:07:02

total 41:09:15 03:34:55 04:56:48 01:34:04

5

Hesse

C-SSF1.3 C-SSF1.3
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Restricted Boltzmann Machines

A proposal of Clonal Selection Algorithm with Immunological Memory by using
Restricted Boltzmann Machines

∗S. 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– Recently, many machine learning methods with high classification capability such as Deep
Learning are developed. Our research aims the analysis of the tourist subject data collected from the Mobile
Phone based Participatory Sensing (MPPS) system. Each record consists of image files with GPS, geographic
location name, user’s numerical evaluation, and comments written in natural language at sightseeing spots
where a user really visits. In our previous research, the famous landmarks in sightseeing spot can be detected
by Clonal Selection Algorithm with Immunological Memory Cell (CSAIM). However, some landmarks could
not be detected correctly because there are not enough amount of information for the feature extraction. In
order to improve the weakness, we propose the generation method of immunological memory by Restricted
Boltzmann Machines. To verify the effectiveness of the method, some experiments for classification of the
subjective data are executed by using machine learning tools for Deep Learning.

Key Words: Image Analysis, Clonal Selection Algorithm, Immunological Memory Cells, Restricted Boltz-
mann Machines, Deep Learning, Smartphone based Participatory Sensing System, Knowledge Discovery
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2
CSAIM

3 RBM
4 RBM

CSAIM 5

2

(Artificial Immune System; AIS)

14) Burnet
(Clonal Selection Theory)15)

(Somatic Hypermuta-
tion; HM) (Receptor Editing; RE)

2 Gao RECSA(Receptor Edit-
ing Clonal Selection Algorithm)16) RE

Gao RECSA

RECSA

(Clonal Selection Algorithm with Immunological
Memory; CSAIM) 10)

11)

2.1 16)

RECSA
(Fig. 1)

Step 1) m (Ab1 ,Ab2 , · · · ,Abm)

Step 2) m
(D(Ab1 ), D(Ab2 ), · · · , D(Abm))

D()

Step 3) m n

Step 4) n

Step 5) i(1 ≤ i ≤ n)
Pi

Pi = round
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(n− i)

n
×Q

)
(1)

round() 1
Q

∑
Pi ((Ab1 ,1 ,Ab1 ,2 , · · · ,

Ab1 ,p1
), · · · , (Abn,1 ,Abn,2 , · · · ,Abn,pn

))

Step 6) HM RE
Phm HM

Pre RE

Phm = a/D() (2)

Pre = (D() − a)/D() (3)

D() a

Step 7) i
D(Bi)

D(Bi) = max(D(Abi,1 ), · · · , D(Abi,pi
)) (4)

Step 8) P (Abi → Bi)
D(Abi) < D(Bi)

P = 1 D(Ab1 ) ≥ D(B1)
P = 0 D(Abi) ≥ D(Bi), i �= 1

P = exp(D(Bi)−D(Abi )
α

) . α

P

Step 9) t 1 c(= β×n)
m

Step 10)
Gmax

Step 3)

Fig. 1: The learning algorithm in RECSA

2.2

Gao RECSA TSP

Fig. 2
wi(i = 1, 2, · · · , k)

θ
P = (w1, · · · , wk, θ)
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tor Editing(RE)
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θ (5)
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Fig. 8: The learning algorithm in RBM by CD-1
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Table 1: Correct Ratio for 2 classes

( ) ( )

CSAIM 100.0%(16/16) 100.0%(8/8) 100.0%(8/8)
(test) 75.0%(3/4) 100.0%(2/2) 50.0%(1/2)

CSAIM with RBM 100.0%(16/16) 100.0%(8/8) 100.0%(8/8)
(test) 100.0%(4/4) 100.0%(2/2) 100.0%(2/2)

Table 2: Correct Ratio for 3 classes

( ) ( ) ( )

CSAIM 33.3%(8/24) 100.0%(8/8) 0.0%(0/8) 0.0%(0/8)
(test) 33.3%(2/6) 100.0%(2/2) 0.0%(0/2) 0.0%(0/2)

CSAIM with RBM 83.3%(20/24) 100.0%(8/8) 100.0%(8/8) 50.0%(4/8)
(test) 83.3%(5/6) 100.0%(2/2) 100.0%(2/2) 50.0%(1/2)

(a) Torii in Miyajima 1 (b) Torii in Miyajima 2

(c) Atomic Bomb Dome 1 (d) Atomic Bomb Dome 2

(e) Battleship Yamato 1 (f) Battleship Yamato 2

Fig. 10: An example of data set
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Mammographic image feature extraction by tree-structured self-organizing map
for computer aided diagnosis

N. Hasegawa, N. Homma, X. Zhang, K. Ichji, M. Osanai, M. Abe, N. Sugita and
M. Yoshizawa (Tohoku University)

Abstract– In breast cancer diagnosis using mammography, it is generally very difficult to find quantitative
features to detect the cancer with a sufficient accuracy due to the variability of cancer signs. This paper
proposes a new tree-structured self-organizing map (TS-SOM) model that can learn criteria to classify normal
breast mammograms in an unsupervised manner. The normal mammograms with different features can be
represented by the TS-SOM hierarchically. Given a mammogram, we can calculate the similarity between the
mammogram and the hierarchical representation of such normal mammogram TS-SOM, and then determine
whether the mammogram is normal or abnormal. Consequently this model has a potential to classify the
mammograms into normal or abnormal categories without explicit design of complex diagnostic logic that
may be based on fuzzy features of breast density, fibro-glandular shape, etc. The experimental results
performed on a standard digital database for screening mammography showed that the proposed method
achieved sensitivity of 82% with 20% false positive rate. This result suggested that the proposed method
without explicit quantitative features design is effective to detect abnormal mammograms.

Key Words: Mammography, computer aided diagnosis (CAD), pattern recognition, and tree-structured
self-organizing map (TS-SOM)
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Vector Product Hopfield Neural Networks

∗M. Kobayashi (University of Yamanashi)

Abstract– This document describes vector product Hopfield neural networks and their fundamentals.
Vector product Hopfield neural networks is a model of three dimensional Hopfield neural network. In this
paper, we compare the storage capacity and noise tolerance of vector product Hopfield neural networks with
those of complex-valued Hopfield neural networks by computer simulations.

Key Words: Vector product, Hopfield neural network
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Fig. 2: Complex-valued neuron (K=8).
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Statistical Properties of Phase-Only Correlation Functions Between Signals
with Phase-Spectrum Differences Following Wrapped Distributions

∗S. Yamaki and M. Kawamata (Tohoku University)

Abstract– This paper reveals statistical properties of phase-only correlation (POC) functions with stochas-
tic phase spectrum differences following wrapped distributions. We assume the phase spectrum differences
between two signals to be random variables following a linear distribution. We next convert the linear dis-
tribution into a wrapped distribution by wrapping the original linear distribution around the circumference
of a unit circle. In deriving general expressions of the expectation and variance of the POC functions, we
obtain exactly the same results between in case of a linear distribution and its wrapped distribution.

Key Words: Phase-only correlation functions, Wrapped distributions, Directional statistics
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