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Study of Neural Network Structure for Model Predictive Control
* T. Horiguchi and T. Hirotsu (Hitachi, Itd.)

Abstract—

To achieve both improvement of accuracy and acceleration of calculation for Model Predictive

Control(MPC), modeling method using neural networks(NNs) is proposed. Proposed NN enables
time-independent prediction, which resolves both accumulation of prediction error and restriction of forward
prediction caused by sequentiality of modeling. Experimental result show its effect in modeling of nonlinear

controlled objects.
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Fig. 2: Modeling of Target Actuator
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Estimation of distribution algorithm based on self-organizing target-detection
model

xS. Twasaki and T. Hatanaka (Osaka University)

Abstract— Evolutionary computation is one of the promising methodologies to provide an actual solution for
various function optimization problems. Almost evolutionary computation models have heuristic procedures
in its updating search points or probability density functions. In this study, in order to give theoretical
aspects of estimation of distribution algorithms (EDAs), we propose an EDA that updates probability density
functions in accordance with a well-studied partial differential equation. Then, we show numerically some
typical behaviors of the the proposed EDA with tuning a parameter in the partial differential equation.

Key Words: Estimation of distribution algorithms, Partial differential equation, Parameter tuning
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Fig. 1: Examples of targets (blue curves) and station-
ary distribution of nanomachines (black curves).
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Fig. 2: Examples of targets (blue curves) and sta-
tionary distributions of nanomachine (black curves).
Upper and lower figures denote the case where = 3
and p = 4, respectively.
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Ensemble Reinforcement Learning by Diverse Agents and

its Application to Autonomous Sailing

*Kanta Tachibana and Ryuta Fukazawa
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Abstract

This paper discusses effect of ensemble algorithm for reinforcement learning of garbage

collecting sailing. Robotic sailing is a promising solution for semi-permanent collecting

garbage float on oceans. Reinforcement learning makes agents to learn intelligent actions in

complex environment like on oceans. Effects of ensemble learning have not been studied yet

well in combination with reinforcement learning. Through numerical simulations, we found

better decision making performance with ensemble learning.
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Bus Timetable Generation by Genetic Algorithm Considering Uncertain Costs
* M. Numata and K. Tachibana (University of Kogakuin)

Abstract— Bus timetable has been made by hand. Recently, some approaches have been developed to
generate bus timetable automatically. Among them, genetic algorithm is often applied to this problem.
However, most of them set costs as fixed values. In practice, gap occurs between actual time and estimated
time because of time-varying and uncertain traffic congestion. Therefore, costs change probabilistically.
Although there are studies considering stochastic time, it is not adequate in Japan as they assume earlier
departure than schedule. In this study, we propose a new genetic algorithm considering uncertain costs and
apply this algorithm to bus timetable generation problem.

Key Words: Bus Timetable, Genetic Algorithm
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Table 1 : Number of people want to go from yellow
depot to cyan depot.
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Fig. 2 : Exponential curve fitting from maximum
average speed and congestion rate.
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Fig. 3 : Histogram of average speed.
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Fig. 4 : Histogram and beta distribution fitted that.
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Table 2 : Calculation of a and P that beta distribution
approaches to histogram by KS-test.

0 01]02]03|04|05]|06]07]08]| 09 1 1.1 12 13 14 | 15 | 16
a | 681 | 71 | 725|565 413|421 | 3.7 | 351|316 | 356|364 334|379 3.7 | 3.57 | 3.57 | 458
B 6 6.33 | 7.23 | 493 | 3.66 | 419 | 3.7 | 3.91 4 5.24 | 5.61 | 442 | 6.07 | 5.8 | 4.88 | 453 | 8.11

max | 64.95| 70.3 |75.95|70.15| 66.7 | 67.9 | 65.8 |66.35(65.15| 69.4 | 67.2 | 59.65| 64.1 | 62.4 [57.05| 55 65

Dy n|0.722°|1265%| 1273*|1.612*| 1.639 | 1.301* [1451**| 113" | 0.753"| 0.767* | 0.823*| 0.966* | 1.168* | 1.03 [1.437"*| 1.025° | 0.535*

Bao, = 3.7708x% — 5.7879x + 6.5244

[ ]
40, = 3.8658x2 — 8.1074x + 7.5116
R%=0.8775

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6
Congestionrate

® a © B —fittedcurveofa =———fittedcurveofp

Fig. 5 : Fitted curve of a and .

SICRT LB EZED Z E N TEX B,
@40(x) = 3.8658x2 — 8.1074x + 7.5116 (3)

Buo(x) = 3.7708x% — 5.7879x + 6.5244 )

IRHEFEXDNRED &, smaxyy(x) & 0 i KRIEE,
Uy (X) EPao(XN) LV R=FFADINT A =4 o & B
EHLZLENTED., ZOFTVE O CTRMEE
5 DA & B LR % Fig. 6 IR T. /&6
DR IRHEEx DFRF O I Kffismax,o(x) TH 5. HE
DD, Te/ME 3, KRfEsmax, (x), /X7 A—#
40 (%) £ Bao ()N B IR D N—F A OHIFHETH D,
B O HNERAZE CENSUS OF — 4 b g3
BEOSEYIATHRE CTH 5. IRME 1.6 T TOERED
AT YR S 1RIE—8 L, ZTNUBEORME IZR
WTHHIATERE R TRl S 5.

[RIAR I BRI FE 30km/h & 50km/h (2DOW T HET
AL E LT T, FORER,

HI PR 30km/h DA

smaxso(x) = 76.64e70-056% Q)
(30(x) = 3.9018x% — 7.6287x + 7.4983 6)
Bso(x) = 3.2201x2 — 3.8458x + 4.9432 %)

HIPREE 50km/h DA

smaxsy(x) = 78.097¢ 70093 (8)
so(X) = 2.0773%% — 5.2659x + 7.0616 )

Bso(x) = 0.7403x2 — 0.7573x + 43992 (10)

L5,
AWFZEDT I 2 b— 9 U TlE, ETHOEKD

=

<

g

=40 .

3 .

e .

g

&30 \

0 0.5 1 15 2 25 3

Congestionrate

——Mean Maximum speed + Average of CENSUS data

Fig. 6 : Compare this model and CENSUS data.

BRI FE D — Z AR HE ) FEBUMEZ AR L, Th
BNZAOWEEL L, IRONAEE COFTERR] % B
5.

3. ERIRIZFEODETE

3.1. GAIZ&kBnE

AAFFETIE GAIZ L A E 2 [BfT7H. 1 BAOD
GA TIL, TAE 0 02 H#S 15 £ TORKIRRIE %
iR, 0% ONEEERETE D ERMERZRD
5. AERIEI AN AEDOERNEF 22T, EAREIIIT
Fgda YORR LIz Fika AV 5.

BEARFEAR Y Table | CTH X 2B E A2 S 27
BB EFHET 5. B, SAE0, 1, 2, 3, 7,
11, 15 ONAIZIEH T 5 BAMER AN 72 5 /N A48 7
(BB REFEE L, SRAE 11, 15 TORIERE S
FH L7 12, BEEEIANARE] 2, 3 COREHE
AitL7=8 7D, Fin, REFEHLOE WV AREZ
FEREL, BEFEORWARMEICEEET S
FE, TOBBRIZLVEETE D ANENREL 2.
ZZTCIMEEE LT, BLBEHET LI AREIZERER
TEICHEARZ T 72MED,, B IEFRTDHAAREFLE
PRI CEA AT ED, #H L, oz
BL7-EDE AW 5.

D=D,+D,
n-1 n
o o (1)
=) diat =)+ ) dig = 1)
i=0 i=1

n ;X OB DME T 5 S 2 EH

di,  iZHGERZ 0 FH ET DH)DANAEDFHT
=

dopr © T HONZEORE T

Thb.

BHET 28813 7,9, 11,13, 15D 58D T
ZOEFEANZER T L IZDOE W BAL 3 KRR, AFF
15 ROBEMRE BARMEM & T 5. GA OLETNEE DL
TIZRT.

NZAENEZ T 2 & DA RO B AR 2 A pk
T5.

Stepl.

_68_



Step2. EFE{AODZEHHT 5.
Step3. {EHL S ZEH T L IZD N E 3 {EIARGE 15 {#

Table 4 : Estimated times between depots.

fz'—()ﬁ‘i%j:ﬁéﬂ, %0)'43753%3:/&])\( 2 ﬂﬂ Rz Congestion Estimated times
{Z':%i%ﬂ{ﬂ L/, /j(_\‘y '%%%/E\:ﬂfi%?ﬁ’b\/j/—(ﬁ num. pattern Depot order
AR % AR 5 "M T2 3]4]5] 67180 10]11]12]13]14]15
oo ’ N v . 1 ERARARE
Step4. Step3 AV I L, B —EEER I L7 . 2 2l 1]2]1]2
5 Step2 IR D. Zhve —EHREIZET D E Lpzfelelife
ECHOEL, AT R L I I Y SR ER A
15 R % BRI & 35 ) 2 212112
3 T2[1]2]1]2
SEOEBH I, B 500, T 500, 2k N A B B A A
$08, %?ﬁ%ﬁﬁﬁ$ 0.1 CE Lf: 552 * %%2‘{5’35@* . 2 12212111
PIAREDOIRE LT FIEZ WD, GAIZK Tk i 1 i i i 1 1
5O b LT BB 2 Table 3 127”9 - =TT
. 2 T2t lt]1l2]1]2
Table 3 : Candidate routes found by the first GA. i — i — i - i
1 ARBERRAERE
Route Depot D 5 2 2(1f2]2]1]12]1]2
num. 3 21221 2]1]2
T [o]1]5]6] 71115 613 4 Tli|i]tli]1]t
2 |of1]2]|3]|7]|11|15 610 1 1j2f1]1f2f1]1]1
3 |of1[5|9]13]|14]15 583 6 g i ; 1 i ; ; i 1
4 |o|t]s5]|6]23]7 11|15 1077 - S EESEEEEEEEERE)
5 |o|4]5|1]2]3]7|11]15 1074 7 SR A AR AEERE
6 |o|1]5]|4]8|9]|13]14]15 1069 . 2 T2t l2]2(1]2]2]1]2
7 [of1]|2(3|7]|6|5]|9|13|14[15 1891 3 1]2]1]2)2f2]2]2[1]1
8 |o|l1|2|3|7|6]|5]9]|10]11]15 1863 4 8 I S I I I I
9 [o|1[5]6]711]10]9|13[14]15 1806 ; i;iggigi;;
0 |o|1|2]3|7]6|5]|4]|8]|9]|13]|1415 2773 8 : TS e T
11 |o|1|2]3|7]1t|0]6]5]|09|13]|14]|15 2722 4 Tt i1l 1]2]1
2 |ol1|2]3|7]6|5]|9|8]|12]13]|14]15 2708 1 T2 212 i]1]1]t
13 |o|1]2]3|7|6|5|4]8|12]13]9|10]11]15] 4003 9 2 llzfljefilj2]1]2]1]1
4 |of1|2]3 |7 6|5 ]|4|8]|12[13]9 [10]14[15] 3857 i 1?%?1;1%11
15 |o]1|2]3|7]1t|t0]6|5]| 48|09 |13]|14|15]3781 a A SR ARAEE R EREA B BN
10 2 212 2 11 1]2]2]1]1
3 T2t 2]2|2|1|1]2]2]1]2
3.2. PEFFERRBOBIY ST Z il I R
. e 1 1112 1|2t 12ttt
TERF & BB Do IO X L EFET S " 2 21211212211
72T, BRI N AAE R O T 8 FIr R % E) i 1 f 1 f 1 Z 1 i i f i 1
DYTH. TEATERFMIXREL R FRE S5 IR 1 111121211 12121212]1]1
D=, BEOMHEIZTLHZMNERNHD. £z, S v Z eileleifelelsie il
EREST0, 1| SOBBEIC A LEKOTE amEnRnEEERanan:
PTEERF 280 28 C 5. SEIL 4 N2 — DFIERT 1 Tl1]1]2]2ltlt|t]2]2]z]t]2]t
THFM 2 WD Z 22T 5. 13 § 1 § i 2 ; ; 1 1 2 2 g i 2 ;
| FRIEFES , TRAEEE x 0018 I O FE DO W Es (x) 1 7 T ||tz t[1]2]1
UTFIckuskdons 1 T{iltl2 2|t t]2]2|1[t]1]2
) u 2 121|221 (t]3]2]2]1]2]1
3 12122121 t]6]2]2]1|2]1
as(x){smaxs(x) — 3} 4 Tl aa[afafa[a]2 o111
Eg(x) = +3 (12) 1 ANNEAERERRRRAERRE
as(x) + Bs(x) " 2 T2 21211221t
3 T2t l2 212t 2l1]tl2]2]1]2
Es()Z8)0 B L7 fE% ¥ EfT Bk & 9 5. 4 1]1j1)1j1)2)1j1)1j1)1j1)1]1

RMEE X)X L VKD DN, ZZBEVICLLFOHE
PHWAZ LI2LY, 4 x— DT EFTERR %
BT 5.

a
m

R
=
% R

& (= =
B a1 a1
X X

¥
[
W CEf
O\
B ®

Ll e

N

KB EIC TETERMZE ) Y TG RE
Table 4 (253, 1 FH XGRS, 2 I H 1T
BELE LD 42— TELESET-HOESTH

. 3 FIH LTG0 BNELZ S A5 R O T & T
B 2R L CVWC, RBENEL D 3EFEB DY
— NI EEEER D L DI TnA.

4. NRAZALNYDER

2 B H®D GA IZ X AHUHT, NZAOHHIEF, H
I M b, NAEAYOERKREITH. N
AR AT HMEE 3 4, RAEEOREREZ]
Z 5747, BWKNHEWE 20 BDONAL A Y 2 fHE LD
AT,

_69_



4.1. fE{E D FaR

AR TAIT N AN EITT 2 BIRMEE 5 2 Fi-
0 FHMBIEIZ 04y, 347, 647... ENRNANMEE %
H¥ET HIERZ R, £72, Z OBBREMER S5t
I SH D TP EFTERM O — &K b,
TG UT-REEEE 21T 5 . EREIZ20 T, 1o
DOERTNALE A ¥ 229 fEIRDOB] % Table 5 127K
T VAT EIIEH T 2 B o0&, 24T IXZ D
FEFTERM O AR - FE5E2E£ LTS, ZOfF
(INES

0 T HEHRMGERH 5 DN A(PEFTEEER R — 2 1),
3 T IERRGERH 6 DN A(TEFTEEEE 2 — 2 0),
9 ST IERGERH 9 DN A(TEFTEREM X — 2 2),

57 NS IRIRE R 4 008 A (TIEFTERRL S 2 — 2 2)

NS ZHET DL NI NRRL LTI D, NAN
HIFE LW S 5 528, 0 D33+ 25 &
LTS, 70, FEHAEMBEORMMEE 10 Bl
EL, BmEN 10 BLLT &2 5 ERT S E 5.

Table 5 : Example of individual.
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Fig. 7 : Scatter plot which the vertical axis is for p;,
and the horizontal for t,,,,-
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Table 6 : Best bus timetables of each number of vehicle

Nu?fber Parcto Individual values

venicle | count
Route [14(4|3[2|5|3[5|5 13 3

10 806 Pattern [ 0| 1| 1|0|0f2[1]2 1
Route | 2(6]10[{9(0|0|2|13]|4 3 7

B 565 Pattern [ 2| 2| 1(2]|0[0[0]|0f0 1 2
Route |12(10| 1{12(11|10{10| 6] 3 2|26

12 614 Pattem | 0[0|0|0|0|1|0f2(2 2|20
Route |10 3|5(12/8|12[1]9|2(1]|3 5 2

13 752 Pattern [ 3| 1|0(0|2|3[2]|1]|2(0]|2 0 1
Route | 82| 2(12(1]12[3]|2|0(f14|1|3 3 11

1 & Pattern [ 2| 0| 1[3|0|1[1])0|2f1]|2]|2 3
Route | 5(2(12[ 70| 6|9]10[11{10| 1 3|2 3 2

15 555
Pattern [ 1| 2|3 [3|2|0[1]|1|2|2]2 0|2 2 2
Route | 90| 6|4|6]9(13/12| 0119|3133 8 2

16 942 Pattern [ 0| 1|0[0|2[2|3]|0[0[1]0f2]|0]|1 0 1
Route | 3|5|14[2|4|9[2|5|10{2|5]|1|3|14]|1 13 5

17 s Patten [0 | 1|2 (2| 1|3 |2]|2|1|1]|0|2|3]|2(|2 0 0
Route |14( 1|10{5(10{10({13|6|14{8|6|0(14|2[7|6]|2|0

18 =0 Patten [O| 2| 11| 1|2f1])1|1f2|2|1|1|0|2|2]|2|0

19 1075 Route |11 9|14{2|4|12[3|13|7(5|3|14(7|0[1|0|5(7 6
Pattern [ 1| 0| 3[3|1|2[3]2[0f0|2[1|2]|0[3|2]|2|0 2
Route | 4 (9|10{ 0 (10| 1|13/ 4|6|3|10{14{1|7|2|4|3|4|12|5

20| 1 e T[0T 3 3 11032 2[0] 3| 1] [ 3]0

5.2. PEED GA L DLEB

HFRHE D e CIEIKR ORI 21T 2 716D GA &, K
ML TR LI A MEFMEZ B LT GA Loz
1T9. £37 A=, AifiCit Lo ETFIETH
Wb O LR UEEE AV S.

ELT ANV EIEIC L) BEE D ey & pe D HIFHE
EREL, TN ERHMEE S U CREEOEIR 21T\,
BRAKINC R — MREOESR L L THRESD Z L1/
5. e LT, EHEGE 17 05607 9o
— M#E% Table 712733, 2O — MEOF G,
TR TIEOMR(Table 6)I2%f L, FHEEHOMET L T

Table 7 : 9 pareto solutions of 17 vehicles found by
conventional GA

Pareto
Tover pt
num.
1 180.370276 442.1791
2 200.51563 476.5815
3 210.546972 498.8108
4 214.033186 504.1776
5 220.942386 558.5453
6 243.851009 609.9797
7 263.551289 624.9413
8 364.287502 633.2504
9 556.073179 633.6807
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Fig. 8 : Scatter plot of best bus timetables’ simulation
results.
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BEHEGE Deep Belief Network [ K B ER5]T—2 DR

OftH B (RS KRG HRE AT 7RG R A5 0
iRy E Gl 82 (RSAERERE SRR E G AR )

Analysis of Time Series Data set
by Adaptive Learning Method of Deep Belief Network

x3. Kamada (Dept. of Intelligent Systems, Graduate School of Information Sciences,
Hiroshima City University )

T. Ichimura and R. Maruyama (Faculty of Management and Information Systems,
Prefectural University of Hiroshima)

Abstract— Deep Learning has the hierarchical network architecture to represent complicated features
of input patterns. Such architecture is well known to represent higher learning capability compared with
conventional models if the best parameters in the optimal network structure are found. We have been
developing the adaptive learning method that can discover the optimal network structure. The learning
method realizes to construct the network structure with the number of hidden neurons and layers during the
learning time. The network structure is self-organized according to given input patterns of big data set. The
method records the highest scores in the benchmark test in terms of the stability as well as the classification.
In this paper, we develop the recurrent neural network based Deep Belief Network (DBN) to make a higher
predictor to the time series data set. We report the experimental result to the Nottingham benchmark data
set.

Key Words: Deep Learning, DBN, Adaptive Learning Method, Recurrent Neural Network, Time-series

data set
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hidden neurons

visible neurons

Fig. 1: Structure of RBM
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Fig. 2: Convergence situation of a weight vector
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Fig. 3: Adaptive Learning method of RBM
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Table 1: Accuracy

‘ No. layers ‘ Error(Training) ‘ Error(Test) \ Correct ratio (Test)

Traditional RNN-RBM 1 0.945 1.704 71.7%
Adaptive RNN-RBM 1 0.881 1.240 76.5%
Traditional RNN-DBN 4 0.217 1.381 75.8%
Adaptive RNN-DBN 4 0.101 0.133 85.3%
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BT 8T X RICE DSV TITFbNTWiEh -
fehbizeEZB6N%. —7, HdwEc " RNN-DBN
T, Tx)F—, 357, EFERICBEHLUTHKRLET
HEOHTiRE ROV Z /RS T EMTET.
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Collision Prediction by Apparent Binocular Horizontal Velocity Pair under the Condition of

Ego- and Object Motion

* F. Mori and N. Sugano (Tamagawa University)

Abstract—

We propose a new aperture problem-free method of collision prediction that is effective when

any object including ego is able to be in either a state of motion or stillness. A new concept named “apparent
binocular horizontal velocity pair” is introduced to enable a robot to arrive at a goal smoothly without colliding
with a moving or a stationary object. The collision location and time are calculated directly from the binocular
hori-zontal velocity pair. The effectiveness was confirmed by a robot with the online stereo video camera.

Key Words:
bot, Aperture problem
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Fig. 1: Relation between apparent binocular horizontal
pair and depth movement.
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Fig. 2: Principle of collision point(Xrt) and time(T)
extraction.
MIREEE (61, Or) 7 DESEENL(Xy) & HEZERF

A (T) %R 2 BARM 7225 HR A1) &£ XQ)R
_jA

X, =28 0
5L_5R
a
=— Q)
aZo(5L_5R)

E2eE, X@)E@THEALND.
—(a+b)=X, =b - ()
T7>0 (4)

A(D2)E, IELWAKEBENIEE S KE>TnH 2 &
ZIRELTHEZLDOTHLM, LUTFTIE, EEIC)LE
DIEEDME DTy VOLEOBENIXT5F DT A
T AHRRZEIZOWTIRETT 5. = v PO & KR
EDOAEE 0, BEOBENTH L KRR EDHEE BCR
)y, FHllEN DTy POKEBEIEEE T L5 L
KRGV ST ((HRBR) .
5=t5— (5)

Lranﬂ
tan &

KFER AP D B D P~ DO S8R 2 X312~ T

3RO FHSND Z LITHLNTHD.

Y. Y
tanf, =—— , tanfB, = —" e (6
Br X, in X, +a (6)
(1) & 2(6)h HEEREXHR(T) L LTRES.
a Y,

X, =— , + - (7
r 5L/5R—1 tan @ @)

P(O=(X,. Y, Z)

L %R
XL
B, L x

0(«,0,00  (X,00) 0(0,0,0)

Fig. 3: Collision process of object P(t) to point Pt .(The
small circle is a window of  the window problem. See
an appendix.)

EZNLE DO TR SH SO X HITHREE 5D
FRZENHER T H D TIREIT LS E LRV, 1o T, 4
ROFER & L TR TH =A% B (6)D X 51
EEDHAREBEEMLRE D). 6o T, HETEN
HEICHEI NNV DTHDL I &S5, Ll
MG, MM TIE, ERFREIE LTI O EBR TH D)
HEHEND LD ELTWADT, frADa B a—X
DOIILEE ) ClIIEEHAEENRAEETH D . Z D=8,
ZoHXGIE, EBET v P TIE, (LR OO E Ta
ZEMNELT 72N &, KEREER I, EEO=y VT
BMENECRNZ EEZRLTWVWADT, MEDIZEA
EH L AW KRR O R 165 O fEk A VTSR
Baito72.

WEETIEORHERO 100, YFZAIE CTELY ) 5 FZBRER
BORETRE4OOFMEHRE LT ETHD. ED
FEE, (DD~ DHT LBl 7 i 2% T A 8
D ENTE. QUKFEHMOENT OEE DI %4l
HFAUL RO T, REZIF O Hifg DRSS OBEER BN
Ll fpotz. Q)EREMNRL 720, ERIET

B b Tz a—F—72 EORMEURIZER & 78
FEIN—HETARVNE & A L D ST H 72 5t % 5K oD 187
RN TE DL o7= BIEIE, EoL B0
FER S MlREES (S, 0 REDIMNTHDH. ZHUZ
DT, REITTERD .

2.2 fHZRERML & EREFZI D T RIKER

Y TIEOAMEL, MATRENTZAT LA ET S
A Z(E2—77 A8 «=0.0038rad a=12cm 7 A
7 IR EE=4mm) A fif 2 - 22 o R o b (RO
) A2EHL R,

AIERE R £ CICmIRIEE 2 B o AT A CTHRE R
CHIEETE D Z EBHALNZ/R-T2DT, Z Z T,
EZRGA LA REER S U T A Z A MZHIETE D
Z &R ERICHRGEET D.

_81_



Fig. 4: A simple robot used at this paper.
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Fig. 5: An example of collision prediction.
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b. Avoidance after judging
of 3 sec before collision

c. Return to the original line

Fig. 6: An example of collision prediction and avoidance.

Fig. 7: Collision avoidance for the human of moving to
the left side of the red cone.
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Development of an Image Sensing Method to Detect Grains of Soybeans

«IK.Yamaguchi, S.Ozawa, J.Kitazono(Kobe University)
T.Yoshida(Aoyama Gakuin University), T.Ohkawa(Kobe University)
N.Murakami and H.Tsuji (Hokkaido Agricultural Research Center)

Abstract— Recently, “Smart Agriculture” that is agricuture with Information and Communication Tech-
nology (ICT) is receiving a lot of attention. “Smart Agriculture” uses computers to control crops’ growing
environment and status, and aim to streamlining agriculture and increasing yield.It is thought that grains
are important growing information directly connected with yield. In this paper, we handle soybeans as crops,
line up detecting candidate regions by grains’ shade information from one picture, and detect soybeans using
Convolutional Neural Network (CNN) based on RGB pixels information. In the experiments, using the pic-
tures taken at the actual farm, the proposed system is evaluated based on the detection accuracy of soybeans.
The F-measure of soybean detection is more than 80% for the training dataset and the testing dataset.

Key Words: Smart Agriculture, Image Processing, Detecting Grains
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Search Stage
Viola-Jones’ classifier
suggests candidate regions

Normalization Stage
CLAHE

Validation Stage
Classified by CNN

Fig. 1 Over view

White rectangles mean candidate regions sug-
gested by Viola-Jones’ classifier.

Red rectangles mean regions classified to be a grain
by CNN.

Blue rectangles mean regions classified not to be a
grain by CNN.
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Fig. 3 A example of extracted features
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Fig. 5 Structure of CNN(C:Convolution P:Max Pooling N:Normalization FC:Fully Connect)

Table 1 Accuracy of CNN with CLAHE

TP TN FP | FN | Precision

Recall

F-measure

Training

7146 | 6460 | 705 | 140 91.0%

98.1%

94.2%

Test

2159 | 1215 | 164 | 167 92.8%

92.8%

92.8%

Table 2 Accuracy of CNN without CLAHE

TP TN FP FN | Precision

Recall

F-measure

Training

6610 | 5607 | 1558 | 676 80.9%

90.7%

85.5%

Test

2009 | 1701 | 299 | 319 87.0%

86.4%

86.7%

Table 3 Result of Detecting Grains by Viola-Jones’ Classifier

Hit Miss | FA | Precision | Recall

F-measure

Training

10279 | 721 | 4498 70.0% 93.4%

79.8%

Test

1885 | 441 | 533 78.0% 81.0%

79.5%

Table 4 Result of Detecting Grains by Proposal Method

Hit Miss | FA | Precision | Recall

F-measure

Traing

10012 | 988 | 1650 85.9% 91.0%

88.4%

Test

1798 | 528 | 167 91.5% 77.3%

83.8%

Table 5 Result of Detecting Grains in high brightness background

Hit | Miss | FA | Precision | Recall

F-measure

Training

2003 | 527 | 407 83.1% 79.3%

81.1%

Test

836 | 329 | 79 91.4% 71.8%

80.4%

Table 6 Result of Detecting Grains in low brightness background

Hit | Miss | FA | Precision | Recall

F-measure

Training

8009 | 461 | 1243 86.6% 94.6%

90.4%

Test

962 | 199 88 91.6% 82.9%

87.1%

4 &R

AL TUE, EEOUEIZ & D BIEY O LB NE®R % i
L, WEFHZ4T5 VAT LR EZEKAEE L, kY
DLFEOMHNZ LV AEBEEROMH 24T > 72, EERT
1%, Haar-Like 5%, AdaBoost %8, H A7 — K%
fAGHHE B Viola-Jones D Fik%E AW/ [&S H #7721

— 88

2 X BTN S Wiz, CNN ZHlAEHhE
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FCERBEIZ K AR DAL E ERHUET 572812, CNN
I S B S EAR 21X CLAHE % W CHTLE % 47 5
Z e THENREL .

FERER LD, R CTREL ZFRIT T+ EERAT
52 ENTE, F-measure 7° 80% 2B A 55ER &7
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Fig. 6 Evaluation method

e St WAL i
Fig. 8 Method for
photographing images

Fig. 9 Result Image of low brightness background
Yellow rectangles mean regions labeled positive ex-
ample

Red rectangles mean regions classified to be a grain
by CNN

Blue rectangles mean regions classified not to be a
grain by CNN

Fig. 10 Result Image of high brightness back-

ground

Yellow rectangles  mean regions labeled positive
example

Red rectangles mean regions classified to be a grain
by CNN

Blue rectangles mean regions classified not to be a
grain by CNN

Fig. 11 Result Image containing many False

Alarms

Yellow rectangles  mean regions labeled positive
example

Red rectangles mean regions classified to be a grain
by CNN

Blue rectangles mean regions classified not to be a
grain by CNN
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NV U TWL BEDD L. F 7R SO G
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&, MAFIERICEEDOREE KT L R\ AiE%EBET L T
W<,

FEARBMILTIE FEPERPEIIENTETE>TWY
RNZ &R, HIAXe HEEASEE L T B migR A 5Bk 5
IHWBETRIFTIEDNH o2, SHBEF DS Vo [ME
PRI SBRWE D R HIEEZBRGT LT\ Z e 23nE
THhs.
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Development of an Image Sensing Method to Detect
and Count Flowers of Soybeans

«T. Onishi, J. Kitazono and S. Ozawa (Kobe University)

T. Yoshida (Aoyama Gakuin University), T. Ohkawa (Kobe University)
N. Murakami and H. Tsuji (Hokkaido Agricultural Research Center)

Abstract— In this paper, we propose an image sensing method to detect flowers and count the number of
flowers in the crowd of soybean plantsfor a smart cyber-physical system in agriculture. To count all flowers
on a soybean plant, multiple pictures are taken by a digital camera attached to a single-axis robot, which
is moving from bottom to top of a targeted plant. In the experiments, we observed soybean plants at 18
observation points in the field of Memuro town, Hokkaido, Japan from July 16th to August 3rd, 2015, and
collected 1207 images which contain at least one flower in total. The experimental results demonstrate that
the propose system has fairly good accuracy in both flower detection and flower count. Both recall and

precision rates of flower count are over 0.80.

Key Words: Flower counting, Image sensing, smart agriculture

1 ELC®HIC

AR, HARTIHEEEFEO SR L Bk R
REREE Z->TWD,. 2, /N »22irhid
7 IREICIY AR, BE»SINGEE LTS 2
EWEEL <, FBRMEEEARICIERIZH IR NE Z L
WD —D L B> TW\W5., ZD7d, BN ELE
BEIBOWTHRARMEEZED 2017, BEROR
DI INYEFZNRANEMATZ L IFEETHS.
A, RFEICICT (Information and Communication
Technology) Hffi &2 Y AN/ A~ — NERENEHZ
EHOTWD., ZOAY— MNEELIX, BEMOEEER
e UCRIE, W, HiRE, T8kraErrv—
THSL, BEMICE > TRERREL 85 &5 —
2 =%, KOOk — 4 THEBEL TEE
U, BHCTEOBEINZOHRIFE Z & TEREZORR
t2M2EDTHD. Av— NEEIX, BHKALRINE
EREYIOBRED T — 2 DEREITH> LT/ UNY
DTF—=ZZHEDHTNS., TNIIBEEDENILZTT
B IND DMADTIIF & R>TWnD D2,

AN — MNEEZ L VHRIITITS 20121F, EEER
B BIEMOREE RTEBEHERO_DDT—2DE
FERAARTHD. BE, BEIREINTHDE Y —
E2IZEWT, KZEFOEEERE % —THET
B LTI DN, (RBOR B DA B L
D H R LIS SO TAFIC & DML
EROTWVWD., D/, EBEEHOIEZ KBEIZ
15 28U, EBEROBHMPHEE L 22> T
5. TIT, ANFITHEHS THEME BRI EBHERD
BRZITS Z RO ENT WD, EFFEHRDOTTE,
EMZMTLIEIZE) FENTEDIEND, L8
RDDZLIFNEDFRNIHEIDEF 5.

LRI DS % 17 5 BEAF DAFZEIZIE, Najjar & Za-
grouba DL HdH 5. Wiz Lab taZ2f]TEL, L,
a, bZNTNDL A NS AT U TRED M LAL

FI0OIYE2—F—3FI - 12FUI TV RPRR
(2016 12R168-178 - 8W)

_91_

HZTW, LSO sHEZTS. TOBE, —fifbic &
5FER% L, a, bD 3 D5, ZOhTHRE EFLIE
I R A DML 2R E RIRT 2B ENDHD. £
7=, TEBGEHRIOSEITIE TH % Biradar 5 DFiEY T
X, JEEGEFRL, O—/8SA 7 g )V &—¥ —flfk,
Ty IVBHEACTEVENERZHLTWS, L1
IR = H T 5 720, D EFIZERNT W55
DAL, FEEITEWALEIZEDT I B EYIZITx
JIETER, F-HEEGTIE, —HERETIARD
Zems, —HRIZIRE LA E B ROBRIZH L.
BEMOEEHHRZBHT 2 LT, HENICBEITS
HEEBROIE, HEOHKIZBRET S Z 2T, %o
REBRENEOND ZOEATHD. FAEDOMEDN
IS EZ I E IR AR ARETH D, INET
HENTORGE TIX, BIEME 77 AT ORNZ+4 75 0E
BEAELNT, BIEMO 2K E —MOEE T35 Z
EMTERWEORNEETH -, EABENTITER
UCHER1TD 20, HIZLDEMAFAETE LN
%<, —EOWRYTIEIIRTONREHFELZENTE
B\, F T ENICHEET 2Ry NEHNT, B
TEWI % T b AN EEHR O WG % B L, #@EHRO
EHROER) ZHHT DI LT, BIEMOLIKE Y
U, EHEGEDOHTERORZ > TORWVEEES5.

AFSCTIE, BRAEOEEEREZ HEIZIEL, X
BOTHZITI VAT LAZEMERELE LT, BEENIC
BT 2 EBHEHO D 7= 0 O i R D B 56 %
19, RIFETIZREYE U TREZHR, EHHEHR
EUTHRBBERMZITY, —HRY4 72D Otz kd
L. —HEE» 5 DERITIE, D & afIZED
SHIEIZKY, EHBORG 2175, —Hf» 5 D1
BRITHE LN ALl 6, Fomiti 27wy,
BEEZFHEL, REYO TS ALY U i
BIZHB1T D, HEEAH O ETREEZ O TSN T 217
D, RO T 2175 28T, —HELDICH

PG0010/16/0000-0091 © 2016 SICE



P BIERE T 5. FERIE, dtiEEF=E RO RS
IZHWT, BEENICAY BEio Ry & HOTEREY
%R D EAEHR U 2 100 A5 1207 KO
BT U T, BRAIL 726 HRITHER L 2k D
L2175,

2 —EEMSTERMZTO>BEGREZY VY

FiE

— R O DRI & 1T D Wikt v v T FIRIZD
WTHRANS . fEMANE, G % R #11Z & V) NaEIE
NERET S, ZONMEEZENEIUS U THEEIICE
DLHEZRITY, EHEIROIEE1TS. BiET 26
BOEZT\V, @oEX N/ fEEEE — DD HEIgA
AL, BEAHICE D CHEZITD. REZEICHH
BEHAOCTHIZ 1T\, B E 55,
2.1 SLIC IC & 24EE 2%
BIIXEROORNEENTE Y, AiIcE D <HE
THREZRZ2MDOA%IEEL THBEN LRSI HITZT
TlX, EHEBO - MOAZRKEETIEERY, —DD
D S DN E S WIEME B AL O RS, {E4E
ke B N LW, OO, EIHEESH
ATV EXED SEEZ 1T\, INEIBELAL T %
752 8T, {EHEENETCOBRDOLEIDEELZITT
NP IR e X N E

[EROFEIE S EITFIE L U CTARIZE Tl Simple Linear
Tterative Clustering (SLIC)®) % FI\ T HifIZ% LT
IR #2175, SLIC Il D RELEE & H 3& D A7 & B
RIZEDNT I I AKX ) VT RT5 72, LA
BOBENERNHTEZATIEICEWTEHNTH»S. SLIC
&, XUOICHEGE 7)Y RRIZKEY, ThEho
TV RE—=DDIITAZREL, INLKTTAZD
':F'IE‘ Ck = [lk,ak,bk,xk,yk]T (k‘ = 17 L ,K) %%’%
T5. ZO&E (Iy,ar, by) % CIELAB a2z B 1
% JFEFE, (xk,yk) IEHERANDOREREE 5. ZOHIL Oy
Mo, FIHZ )Y ROKEX S D2 HEOHPEDY 7+
V28 x 28 12DW\WT, IREE VT & i N o i
W FEEERIE D 23k 5.

D= d3+(%)a# (1)

fHL,
de = =12+ (@ —a)? + (b~ b)? (2
dy =\l — w02+ (55— wi)? (3)

X (1)-3) D, FEEAEDEATHD. I DFHHER
BDBRINERD 7T ARV E) YT, HE
75 AZOHFLEHEL, €70 L TE2ITS.
ZOE) Y THEIL R RD ETHEZGEY K UST
5 Z & THE A E%ITS.

FEBRIZ SLIC Z#H U 2 Ei % Fig. 1 (TR, fHlE
HENCEY, FEXEL, BOEBNSHLTNDE L
PHERTE 5.
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(b)
Fig. 1: An example of SLIC result: (a) a flower image
and (b) an image segmentation result.
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T3, Fig 212Hl2RT.

Fig. 2: An example of Flower classification based on
purple pixels: (a) an image whose target purple pix-
els are colored by yellow and (b) an image of flower
counting result.
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Fig. 3: Three detected flower regions for one flower
are merged into one flower region.
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egion for flower detection.

(a) (b)
Fig. 5: An image of flower counting: (a) before key-
point detection , (b) after keypoint detection.
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(b)
Fig. 6: An image of flower matching result: (a) an
image of matching the one with next image (b) an
image of matching the one with after the next image
The light blue circle and yellow line indicate detected
flowers and matching results, respectively.

Fig. 7: The example image of flower detection in an
image.
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Table 1:Results of flower count of a soybean plant

BN TP FP FN | Precision Recall
1-1 71 7 21 0.910 0.772
1-2 46 0 10 1.000 0.821
1-3 38 1 14 0.974 0.731
2-1 39 9 9 0.813 0.813
2-2 53 2 17 0.964 0.757
2-3 39 2 20 0.951 0.661
3-1 56 9 11 0.862 0.836
3-2 53 4 15 0.930 0.779
3-3 63 4 8 0.940 0.887
7-1 38 13 9 0.745 0.809
7-2 53 2 8 0.964 0.869
7-3 30 3 3 0.909 0.909
8-1 99 9 15 0.868 0.797
8-2 80 4 15 0.952 0.842
8-3 47 0 12 1.000 0.797
9-1 o6 11 3 0.836 0.949
9-2 46 22 7 0.676 0.868
9-3 78 3 2 0.963 0.975
Total | 945 105 199 0.900 0.826
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Fig. 8: The time course of the numbers of flowers. The left column represents results for the blocks where the
plants were grown under normal condition (the blocks 1-3), and the right column for the blocks with excess
herbicide application (the blocks 7-9). The solid and dashed lines indicate the numbers of flowers detected by
the proposed method and the groundtruth counted by human, respectively.
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Hand-eye Camera System for Capturing Distance Image from Multi Viewpoints
in Deformable Object Manipulation by Robot

«T. Watanabe and T. Matsuno, T.Shirakawa, M.Minami (Okayama University)

Abstract— Our research purpose is manipulation of deformable object by a robot. This paper describes both
mechanism of end-effector and view direction of a distance camera. The distance camera is mounted to end-
effector to obtain point cloud data of string surface from various viewpoints. In order to obtain low-deficit
surface of a string without occlusion, distance images are captured from five different viewpoints. Those
five images are merged with ICP algorithm, and improvement of ICP requires information concerning each
viewpoints. Therefore, homogeneous transformation matrix is used to decide the photographing direction of
the distance camera. At final, the result of string untying experiment is reported.

Key Words: Deformable object, Hand-eye system
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Table 1: The evaluation and cost of shape operations

Viewpoint RMI | RMII | CR(U,U) | CR(U,L) | CR(L,U)
Decline of nodes fair good fair fair fair
Success rate fair fair good fair good
Interference between segments fair good good fair fair
Interference between segments and the robot’s hand | fair good good bad good
Cost 8 1 3 10 5
Viewpoint 1
Viewpoint 3
Viewpoint 4

Viewpoint 5

Viewpoint 2

- 100 -

/ string
Lo
=)
Fig. 8: fRiArE
Fig. 7: BE S VT2 AR A
AU & LTI E &bﬁo@z‘rﬁﬁt (AL E R D 0.259 0 0.966 116.47
PERER D 7 — L FERERICEHAEITD. 0L &IC . 0 1 o0 0
JAWD T — )L NEE %@Jﬁiﬁﬁ)%%\ﬁ%%ﬁ%i“@@lﬂ Tvs = —0.966 0 0.259 434.67 (4)
WIHTAE R (2)~(6) 15T, B EMNTE S o o0 o )
D 3RICETET — X DJEFER % T — )L REERIZE D
T 5. i .
Table 2: B FHES o o 10
<[] | y[mm] | 2mm] Tyu— 0.259 0.966 0 —116.47 5)
FEHVI 5 5 150 —0.966 0.259 0 434.67
ZE V2 | 11646 | 0 | 434.67 L 0 o 0 1]
ZEV3 | -116.46 0 434.67
REVA 0 -116.46 | 434.67 T 0 1 0
LH V5 0 116.46 | 434.67 w —0.259  0.966 0 116.47
Tvs =1 _0066 —0259 0 434.67 (6)
0 0 0o 1 |
0 0 1 0 3.1 ICP7)L3YXL
wr, 0 100 9 BEfED A 712 X 2GR O FEIOBIC 1 7107
Y- 0 0 450 LA s —3
5 ITH AT N—23 0 BED, 8
000 1 KOBKIBEAE LTS - L 3RETHS. 2070
SEIERBREDLOFHI SN 3 RTEBET — X %
—0.259 0 0966 —116.47 ICP (Iterative Closest Point) 7 /L= Y X A% % =
W, = 1 0 0 (3) ETLIODRBET —ZICHT 5. ICP T/ Y X4
—0.966 0 —0.259 434.67 EHWD D AT, BRT AT -2 DOEE HHFE
0 0 1 FET DI AMENH Y, D7 OIZ RN O R ZEHAT



(a) Data for V1 (b) Data for V2

(c) Data for V3
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(a) ICP not used (b) ICP used
Fig. 10: REED Mk
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(a) ICP not used (b) ICP used

Fig. 11: sUHESHE 7 /L DL

VN T BT ol MRV E LTTRT. ERTEh
DY 7Y 7 EIZONT, Fig12 % Fig.10(a),(b) (2
B LIZBEOEBE IR T DR E RO IR R %
Table3 (273, Y27V 7 L7z 10 85 9 Ho S
BT, ICP # HW=RBHZ BT 200 02208 ICP
PITORPho T2 HE L0/ &, SHESEET V& ER
THRRS, SHEMS T ETLOBEREL D
728, ICP 703U X 5% FAWIUSHE R/ &0 3,
RIEPHET NV EREE L AR TE .

5
4

10

Fig. 12: ROV 7V 78
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(b) Sample 2
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(a) Obtaining point cloud
Shape reconstruction

(d) Complete the shape operation

(c) Conducting the shape operation
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Anomaly Detection Method for an Embedded System
* S. Nakagawa (Hitachi, Ltd.)

Abstract—  An anomaly detection using a machine learning has attracted attention recently. Although a conventional
anomaly detection method has been applied to a system with a comparatively large scale, demand for an anomaly detection
at an edge increase because of spreading of IoT (Internet of Things), advancement of processing at an edge such an auto-
mated vehicle. In this presentation, an anomaly detection method for an embedded control system is proposed. Clustering is
operated using normal data, and the space constituted by each cluster is approximated by a hyper-rectangular. Combining
each hyper-rectangular, whole normal space is composed. When a new sample to be determined whether it is normal or
anomaly is obtained, an outlier anomaly detection and an transition anomaly detection operate. The outlier anomaly detec-
tion operates based on whether the sample is within the hyper rectangular or not, which is corresponded to a center vector
the sample is closest to in terms of distance. The transition anomaly detection operates using the transition pattern of the
center vector. Since the normal space is represented by a hyper-rectangular in the method, calculation cost for detecting an
anomaly is lower, and it is suitable for an embedded system. It is possible to optimize the outlier anomaly detection accu-
racy and the transition anomaly detection accuracy according to the number of hyper-rectangular because increasing the
number of hyper-rectangular make the approximation accuracy of the normal space higher. Results of evaluation for the
anomaly detection method using a real system are also shown.

Key Words: Anomaly detection, Embedded system, Clustering, Hyper-rectangular-

1 1FELHIc ERFHIIE SN B0 DI IRIER T, 6K
B 2 PO T RERAS, 4R, TER STV %;g%%iﬁﬁﬂﬁggof%é-

19 ek FE I O, HRERE RO 7o : e 4 : e
NP MRS RS R, A, o o | IS0 DEOBHD AN LT,
Things)D ¥, BBHEEIIC (GRS Lotk copn L2 OPRRERNT ST 8 =T & Fgl lonT
MEAR L ETRIS, =y VTORERMO=—Z7
EE 2. |®Outlier_anomaly |
KRR, MBATIE S AT S~ & AR 3

L7e RGN ERET 5. EWNT—2%HNT, . ~4 ~~Entire
0GRS LTI, K T AS TR SN B ZER Gilioppn T normal space
ZHEE R TERRBT 5. SEBEFREZAAGDE » 5

T, EWZEMEEREZTURIT 5. Filcefmxigo Center - P Center
TG onic b E, TN EREOEK T vector(v_a) vector(v_b)

HITNHLARY D SHIS T DB E T RIS 7L
NGB IN TSR E RN 21T 5. £, ¥ 7

|_®Transiti0n anomaly | Frequency of transition

between clusters
ADEEEED B TR bIE VLAY MV TH Tk Anomaly -_..---]:.@
RFEL, TR MLOERBF— 2 HNT, degree of
TN OEBRE E SN T 5. transition v a>vb
AHATIE, FEHEMEBEFETERT 50T, .
EAREREOR BRI, MAAT S AT AT Fig.1: Approach

W5, E, 2 TR BEKE) OREROTC .
LT, EREMOGLEEL Lrso7T, Anfry OMUEREORR - .
BRI, BRI L 2 7 2 agomnicy | ERDIEREST SERERT £57 22 2B
CTROl(Ld 5 = L aiie T b, Ry AT ahsl LT BN P GLT, RS B A8 AT

- Al S y - Sk HJ ]\/Vii‘UFﬁﬁ%IEﬁgFﬁﬁ&j‘é
AR Faa ke - A RZ . . . . .
ARRRRIAEHMUFRREDCORSD L i e 51007 1L L BB 50
2 770—7 BHED R XIZIESUT, APERIPHIE R 5.
A % s, ARETIE, RHWHAE TSR |
FOEMIL, EICHISALEIE S 2T AD 5 AR r
CBRICEEOB LT — %, ERT—2 LT 5. A
BB EEORNT — R — R R O
BREEROROT =0, TECHRT =T ey L, RERARETH ST
- e P £ ORI E NI ERZEC RS B 02 RS B
RLORTTED T, HllH LDEER ALOD \ . !
Ll T WA 7 AOREREETROZ | pmireny LUiET 5 HBIERER S L 11
o i outier anomaly) BIERZEMONEST MBOBET, RAKES

7 MVOBEBEZMSHENAEREL, EBREDR

FI0OIYE2—F—3FI - 12FUI TV RPRR - 105 — PG0010/16/0000-0105 © 2016 SICE
(2016 12R168-178 - 8W)



WEORKE SITHESNT, EBRFHEELZT L. K
FWETIE, BERBRIHETH HIRFRT MLOER
FABENO LY REWEE, EREHEL, 0D
EEITEBRE LHETS.

3 JliEI—X

3.1 EETRHOEBE

— IR E AT, = OMmOMETEE LRk, FI
T 2— AT AR T 2—AD 220D T = — RITHH
nd. 7 =—XT, EREMEFETL. TAR
T o— AR LT IE R 22 & O CTRES R
N RIT 5.

AR 7 = — X DIEFZER DO AERITIEZ OV TIEA~S .

i) N—=RTTAEY T
7 AR T FEk-means ZHWT, 7T AHXY
VI EITH V. 2T AZ Y 7L, BEORE K

FERETS & NMEH BEMERENG SN D XD IZIRD 5.

k-means O H.0X7 ML OYIHETE, k-means++HET
ez,
i) SHFNERZ2 M DR
KT T ARIET DEHER T DIV DK BIEO e/ Ml
B OB R CHRERR S 2 B B 5 (A 2 43 1 1E 5 22 ]
95,
iil) 7 22 AR O Ak
FBIE T IRIZ L0 HERR S D IBNLAR DO N % 1R 3 221
95,
Fig2 |2, AKFRUT L D 3IKITTDGEDEFZEM DA A
—VERLTND.

Fig.2: Image of normal space

Fig.3 (2, R~ SIS 2 IRTTDHE D k-means |Z
K27 722 U TREROB E2 R

3000

2500 e

2000

1500

Center vectors

1000

Control parameter B

Number of clusters: 8
2 0.00 40.00 60.00 8 (;00 100.00 12000

Control parameter A

500

Fig.3: Base clustering

Figd (CHBIEFROMA A DT X 5 422 RIAR
D% R

3000

2500

2000

1500

Center vectors

Control parameter B

1000

Number of clusters: 8
0 2000 40 00 6 000 8000 100 00 12 000

Control parameter A

500

Fig.4: Making divided normal space and entire normal
space

32 BRREHEEDEE

AR OB /S 5 — L FAEBEIE DFRF T EIZ DN T
WAL YR RV ORERFINEDTER DR %,
R NV RS D 0 ENEE 22 ORI OB O34
BEPE CRERTHET 5. Fig5 1%, B2 MR 2T
DEEDRHEAR 7 MV OBBOMET () L 4EIE
WZERB O OBESBAREDA A—T (T 2oL
TW5.

3000

m 2500
S
-
=%
E 2000
=
=t
'—D' 1500
=
=
(=]
U 1000
Number of clusters: 8
50DO 2-(:.00 4000 6000 8000 10000 12000
Control parameter A
Frequency
of transition
between clusters
Anomaly
degree
of -
transition = |-I R
~Cl C1 C1 c8
v v ¥ v
Cl C2 C3 C8

Fig.5: Calculating frequency of transition

4 FRAFIZ7z—X

4.1 SNERE

T A T 2= ROAFNZ OV TR D, BERET
BORFER T SV EEERFNEIC FEodEE % Ehd 5.

- 106 —



i) A RORHER 7 MAPFLNZD, L 2 B,

Ho bt TAZDHILNRT KL iR
i) ALY R IVISHHIN T B4 EIE 22 O N
R, RREA R ORI N VISTEE LT U,
SRR & HET 5.
Fig.6 1%, SMUBERE ORAGIZ R L TW5. Hadkx
%, L 2B - & bWy Ut b
Sy EIE R 22/ CT DWNERIZ & 5 D TIEFE L HIET 5.
REOKE, L 22BN S - & bW T kL
KT D AYENER 22/ C7T ORISRV D T, SRl
EHIETD.

3000
m 2500
3
ey
v
E 2000
=
3
&
— 1500
e
5
=
S
U 1000

Number of clusters: 8
500 0 ZO.GO 4 0.00 EU.OD 8 (;00 10 (‘)00 12000
Control parameter A
Fig.6: Outlier anomaly detection
3 i
42 EBEE

i) T3 LWERSAN Y SAVRETR T 2 0 BIE s 220 (F
X7 RV) | — THIEIORHEASZ MVDFTRT 5
DENEHEZER] (PR 7 FV) | OBRBARZ—2 D
FAEMENO DL &, BERRY LHET 5.

i) JMVIERERAERNL, EBBRE THDLOIL, HIFAT
HHOT, SMVERFHIEEZELSES.

iil) [ATEIORHEARZ SABHUE] T, [SEIOFRHK
R NP ENER ERNEIAFET 5] & X1,
BERE LT 5. SEIORHE~Y MV, SMUET
1372 <, AMUED L IEFE~OEBERIL, IR
FHELTWRWNWI EEEWRT L7720, ERRE L H
ETD.

3000

2500

2000

1500

Control parameter B

1000

Number of clusters: 8

500

2 2 2 2 2
2000 4000 6000 8000 10 000 12000

Control parameter A

Fig.7: Transition anomaly detection

Fig.7 1%, BRRFE OFIZ TR L TWDH. FHEx2 F Lo
(FET4) MO Y b (FES5) ITEB LTS
BNEBEBRE THD. £, BHE~7 L BE56)
MOEHEARY bV (5 7) OEIL, IEFZERNT
DEBTIIHHD, AFNZBWNTIE, = OEBITI
72— A TIIRAEL TWRWES GEEMEEN 0 DY
) ERLTEY, BB EHETS.

33 AAXDEHE

AT X BB HRAE, FieoRtEE o,
) 7A N7 = —XOUEREE L 700, fLAIAB T A
F LML .
- SMPURE B E R
KT T ARET DHIEF T MV OK RO R/IME
B L ORI CHH E 4L DB IE 71K % Sy ENE 22 &
THDT, BRI ROFHEANT M, EFZE
D PNEBIZ & D DIMEBIZ & D DI UIE B AR A ALER
NEEE 725,
- B E R
FE AT SR T NV OB % 4y EIE B 22 R
(L7 hv) O OERBAE TSNS
DT, BB — A DB E DRIEIE ZWH T 5.
2B, T ==L, 7 TAZY) TP ELT D
DT, VT LHHHAIAR T AT MM,
—NR—7p ETOEPUENEZ BND.
i) IETARANE I & AR E O M E &' 5
Z L VATHE.
A7 = — X THWZIEFEXZ UL, Wihmo
ENERZERINICIFET 5720, BERARZOR
AR B ADSIFEERC FN =R B DWW &
—HT DG, LTIER SHE SN, BE LR
EINDZ L7
F7o, HENEEZEMEMAES DY D I & TIERZEMH]
DEWRERET 2 DT, HEIEFEMOREL LT
HIEE, A7 = — X THWZIEFE XY VTR
s (BEo) EFZEMicESE, (Eo) EWZE
ML OZEME,  Eo) REZEFICES<. Lz
MNoT, WENEFHZEMOEE %L THZ LT, EF
FEAKEFE & B IEARREE O 5 & 18] L &® 5 2 LA
WHETH D.
i) HEEMEE, 2 Ba—T 0 7 \T =R UM
RERR RN ATRE.
Oy ENEH 22 OB CRRAREE 235425 Z L 23 AlRE
ThV, BEMREZNNE T DR/ oo ENE R 22 %
WAL, FEY Y —AOWEEE R/RICIZ S Z &
NTED.

5 EERHER

5.1 SRERER(E & IIEAT—4

RO BHEEITRORKIE S AT NEextge s Uiz, B
WRARIGT — 21X, BEETEROHIEEREETH S
HIEEH & BAERER A & L7z, Fig7 12, kT —
HZ (#3605 DEITT—X) &t

- 107 —



1.0+

0.5¢

Target vehicle angle speed
[rad/s]
=

-0.5 0 0.5 1.0 15
Target vehicle speed
[m/s]

Fig.8 Sample data for training

53 EERER

Fig.9 |2, HIEFZEROEN2~50 0D & ZDIE
WM Z R LTS, EIERZEMOEN L 72 51F
E, T — &2 OO E N ER>TnH &
NOIND.

Number of
divided
spaces: 10

Number of
divided
spaces :6

Number of
divided
spaces :2

1.0

Target vehicle angle
speed[m/s]
=

L0010
Target vehicle
speed[m/s]
Number of Number of  Number of
divided divided divided
spaces:20 spaces: 40 spaces:80

Number of
divided
spaces :400

Number of
divided
spaces: 200

Number of
divided
spaces :100

=

Fig.9 Normal space comprising divided spaces

Fig.10 1%, EIZE#%Z400 & L&D, ET7
— X OEATERICKRT T 5 IERZEM AR LT D, EAT
[FIEDE 2 DI UC, EEFEZEMBIERL TS Z &
Ay SYIRvAR

Number of Number of Number of
2 running running running
2 1.0 mests10 tests: 15 tests: 20
E_ 1
PR
=R
=
28
=&
[=11] -
= 10 0 10
= Target vehicle
speed[m/s]
Number of Number of Number of
running running running
tests: 30 tests :40 tests: 50

Number of Number of Number of
running running running
tests: 60 tests :80 tests: 100

Number of
running
tests: 200

Number of
running
tests: 359

Fig.10 Normal space comprising divided spaces

Fig. 11 {ZHMUIE B E RS B ORI W2 B T
—H L REF— 2R LTS, ERT—2I1%, I
T —ZIZHN T WIER ETREO T — 2 & -,
SIUERHE OF — X1, Figll lORENDROED T
HY, NTHIZERLT.

Target vehicle angle speed
[rad/s]

-1.5
-0.5 0 0.5 1.0 15
Target vehicle speed
[m/s]

Fig.11 normal and anomaly sample values for outlier
anomaly

B E MRS CH W IER T — 213, Figll 12
IRTT =X & W2, Figll (R TIEFET —Z 280
T, EWT—Z TR WRBEDERE N F— & N T
HINZAERR L, BRRET -2 L L.

Fig.12 1%, Z0HIER 2R 2 SV 2 A5 0

- 108 -



DIEFEAREE (EWT—X 2 1EW & HETLER) &
FUEHEAREE (BT — 2 2R L HET5R) 2o
LT3, EFEARSEIL, T TONEIEREZEmEk
T, IFFE100%EoT0. Fio, BEEAREL,
SENEFZERH2~1000E XL, 90~100%
THFN L, /2 ENER 2232 0 0 LA ED & X%
FE100%ETo7e. DLk, ENEFZERED2 0
0Ll bt &=, Figll \ORTIEFHT — XX 5 ER
FEANEE &AM VER T — 2 (x4 D B AN E O
BHEBEFEL00%E o7,

100 F —
X
EESO-
gz
£ = 60 =@ Normal sample accuracy
E g 40 -#-: Anomaly sample accuracy
D
5=
20
~§
0 I a )
0 200 400 600

Number of divided normal spaces[#]

Fig.12 relation between number of divided normal spaces
and normal/anomaly sample accuracy on detecting outlier
anomaly

Fig.13 1%, oENERZ2MBUIKR 2B R HE R D
IEFREANEE & SHEARE 2R LTV D, IEFEAR
FEREIL, o EIER 22 M5 2 D22, oo d
DREM E 7o T, WITNH 9 0% EThH Tz, K
WAEAKERLIL, o BIER 25 2 51224, #En
TAHMMERY, FEIEFZERE400E£500T,
B ANE LY, 8 5%UL &

— 100 Lt-“
-
g S
=% 80
g g
E E 60 =@-: Normal sample accuracy
Tsa 2 40 -#-: Anomaly sample accuracy
%}
5=
z E 20
v

1 A J

0 200 400 600
Number of divided normal spaces|#]

(=]

Fig.13 relation between number of divided normal spaces
and normal/anomaly sample accuracy on detecting transi-
tion anomaly

Fig.14 1%, EIER 24000 L&D, FifH
F =W ETT— 2 D — 2% GEITIRER) 1
KET 2 SR AU FL H RN OO I F A ARS FE & B Ak
ZRLTWA,

- IR ARG
ETT—EDIr—2AN1~1000D & XL, r—
AEFEINZ L, IEFEEARGE S HFRm L=, &7
— ABEEIMAE, EREZERARE L, TihulEn
T, EFT—HZELLRHTEL Lol b
EZD. =21 00T, EFEAREEL K

96%L72Y, LI, MO E -T2,
ZERRHFICRE LTl e EZD.

« PR ANE
FEATTF—2Dr—21~50 0Dy —AT, R
FHEAKS L, 9 Q%LU ETH T, 7r—A%A Y
2D IEWZERMNIIRN 5, 77— Al b 57,
Fig.11 \ORTERETFT—ZOIFEAEN, FHEICLY
HoNDIERmZEHOIMINZSH - T=7=, BT —H
EELSBEHELLZEEZS.

EH

o
== 80
£ L
E § 60 =@-: Normal sample accuracy
'—E 2 40 -#&-: Anomaly sample accuracy
=%}
5=
20
&
0

0 100 200 300 400
Number of running cases|#]

Fig.14 relation between number of learning cases and nor-
mal/anomaly sample accuracy on detecting outlier anomaly

Fig.15 1%, HFIEFZEMBR4 000 L =D, Flif
T —=HIHWETT — 2 O — 2% GEFTIEED 12
3 5 R B E RN OO I ARANG B & B ARG B &
RLTWD.

e
£z
e g L
£ 5 60 -8~ Normal sample accuracy
E 2 40 -#-: Anomaly sample accuracy
=3
ggzo
"
0 A 1 1 2
0 100 200 300 400

Number of running cases[#]

Fig.15 relation between number of learning cases and nor-
mal/anomaly sample accuracy on detecting transition
anomaly

- IERIEANE

FITT—=2DIr—ABN1~500DL X%, 7r—=A
BEEIMAE, EFEAREE DS BHIRD L, or—
AEEH6 0 LAETIE, 7 —ABINCE, IEREAR
L, BEFEMLZ. aid L2k o, EBRE
X, AMUED B ENE R ZEMA~OEBRBRE S L <135y
BEH 220 5 B E 22~ OB BN 220
LEICHATLHRE LTS, RIULERR L &
T, AN, IERZERIAARE LT
KW, r—=2EMN1~50DL XL, Figo lZBIF5H
1E 22 Rl R O -3 £ OV Fig 14 I B 1) B A UE R
RO EFEAREIN TS LI, JIFETELN
HIEHZENRIEZETH D, TD=D, TA T —
ZDIFE A EDPIMUBTE S HIESH, R E LT,
ERREHERNH -T2 L& 25, Thbb,

- 109 -



r—2ZHIR 1 ~5 0ICBWTY, ERER Z—
OFRNTHEATVD D, SUEREHIENIEF IS
Wiz, TOMENRHEN T\ RWEEZ D, r—A
36 0LLETIE, Figld TRT LIS, SMUER
RO EFEARGE NG 720 UM UERE HIE
DY), FDD, EFER Y — O E BT
AWERPENTETWD EERD. F—210
0D L X, IEFIEAREIXS 5%z, LKL
WL, Y—AE359DLX, 994%L o7z,
 BLETREEANE

FETTF—ZDr—28Nn1~1000L 1%, 7r—
AEGHINMZ A, FEFEEANE R S HEFREI L, 7r—
AE8 0D L&, WEEEAREEIIHIED 8 5% &
2l BRUZX 9, 7r—AEEICEE, EH
ZEEINEER LTV D, =2V b i & &g,
TARNT—=HDIT L A EDRIUBEE LHIE SN,
B B RO D DT, BRI O R EAR
IR B XD, r—ADEZ Dok, B
ZERINHIET H T & T, SMUERFHIEN DL 72
0, F77, BB —OFENEL e, R
AREEIIRLS 2o T D EERD. F—A2%100
PLETIE, BWEAREEX H90%THTFal—
FLTWD. EHIKHELZ BT 57-9I21E, Fig.l3

HEAKIRLE L. 20D 2950D/835 2A—ZDIT
FEEZIRD TNDZ ERHLMNE 72720 TH
5. oL, S AT ABEMHE LT-5E, i
B AT AOHAENT X TH LN TRWEE R
L BRI A—ZOBIRGEE 2 5.

CIEWT =2 0525

RKFER, EEOHDHT —HEETRT —H & EE
L, FEEIZI U TR AN 5. B HK T,
Tl AT DOBMERFH A E 20T, #IRkEE
1%, —EDILNY DI D IEHEZEM % 5 2 5 B
b5, TREARIOF 7 A U EET — & % 91
EHZEfE L THWS Z EnEZ NS, £T2,
TR AE, EFHZEMZ LT 0L 2o, 3
T — 2 ODWERVETHD.

R T—2DH 2T

SRS Y, BEAEARD N EFHI T E Ao,
—i%iz, (EFEAE) > (REEAL) THY,

B AR 242 LE, HEMICITREE: 2
EMZ, RFEETIE, EwTF—% (EEobH 5
T UL, TRTERET—Z L L, EWZE
WAERES 5. BERIEE OBV T,
ANLT—%ZERk L7=.

TRT LIS, ARERBEL S TOLERHD. St

6 BbHYIZ
(1) FIIATHNE S AT D~ 2 ARE U7z B
BRI G ERE LT,
CBECEEOH LT X EERT XL L, @BE 2
WCEED R NT — X1, T _XTERET—X L35
Z L EEHRE LT
- FRERHROT, #EY AT AOANER Y LEE  3)
BE 2T 5 hRE LT, BRETERTH D HIE
INT A= m IR LT DRI NIV IERFERC
FAET B IEF M A BE S ROMAE DT TR 4)
L, ¥ MVBEBETENIZS 2 0G0 ThH
TVERE 2L, X7 MDRET HIEE S
R OB CEB T 23 2 e L.
cARKFRTIE, TA7 =— AOLBNHFEL 720 5)
FAIIATR S AT BT G T = — X%, 77
2B U THELTH DT, T L bHIAAIRY
AT BTIXE DR,
(2) ‘U AT L THDH/NVUOBEETROSES 2
T I B R SRR A I L 7=
- BASEITIRD BAEHE & B ARl 5 2 5
PhERE A FEAT L 72,
< SNV B E R OMERERHI I BV CiE, o BIER
ZERIEN 2 0 OLL b & &, IEFHEAKSEE & BE
FEANREEDOMITINEIEL 0 0% E 72 o7z.
< BRI ORI BV T, ENERZE
MEN400L 50008 X, IEREARSE LR
TWIEARREE DTN S 5%LL EE o7z,
c SEIERZERENA 400D EE, BITT—F2DTF
— 2% GETRE) 2077138, AU TR
B L OEBRERIMOPITIZBNT, EFEAR
IRl VN i e el [ ol DY e
(3) SHOBEIZHOWTIRRD.
cBREINT A= DOROS
AEBR T, BHASEITRO BIEFE L RS A

1)

- 110 —

Sugiyama, M., et.al.: A density-ratio framework for statistical

data processing, IPSJ Transactions on Computer Vision and

Applications, (2009)

Takimoto, M., et.al.: Visual Inspection of Precision Instru-

ments by Least-Squares Outlier Detection, 7 — %~ A =2/

7 LRGSR (551 0D |, (2009)

TPH, fin: @E TR AT LD, HAM S

@) TRAF I AR DT LGEHGH R, 16, 39/42
(2011)

MacQueen, J. B.: Some Methods for classification and Analy-

sis of Multivariate Observations, Proceedings of Sth Berkeley

Symposium on Mathematical Statistics and Probability, Uni-

versity of California Press, 281/297, (1967)

David Arthur: k-means++: The advantages of careful seeding,

Proc. of the eighteenth annual ACM-SIAM symposium on

Discrete algorithm, 1027/1035, (2007).



HFZAETEERE XA Y (CLBER L IER
O BRAET (R TRRS)

Dynamic Association in Chaotic Quaternionic Associative Memory

xY. Osana (Tokyo University of Technology)

Abstract— In this report, we investigates a dynamic association ability of the Chaotic Quaternionic Asso-
ciative Memory (CQAM) . The Chaotic Quaternionic Associative Memory is based on the Hopfield Network
and composed of Chaotic Quaternionic neuron models. It can deal with multi-valued patterns. Although the
Chaotic Quaternionic Associative Memory can realize dynamic association of stored multi-valued patterns,
its ability is very sensitive to parameters of the Chaotic Quaternionic neuron models. We carried out a series
of computer experiments and confirmed that the Chaotic Quaternionic Associative Memory needs enough

time to recall plural stored patterns.

Key Words: Chaotic Quaternionic Neuron, Dynamic Association
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Analysis Method of Parameter Sensitivities for Rhythmic Phenomena and Its
Application to Their Design Problem

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

Abstract— Sensitivity analysis is fundamental and essential in analysis and design in any system. This paper
discusses a method of sensitivity analysis and its application for rhythmic phenomena which are found in
various systems such as physical systems, biological systems, human societies and so on. Sensitivity analysis
of rhythmic phenomena is very difficult because rhythms appear autonomously as periodic phenomena in
nonlinear systems and only few studies have been done. We have already proposed two analysis methods of
period and phase sensitivities in rhythmic phenomena: one is based on the sensitivity equation and the other
is based on the adjoint equation. In this paper we discuss an application of the sensitivity analysis methods.
We have already proposed a design method of periodic phenomena with desired period and phase by using
the sensitivity analysis method based on the sensitivity equation. In this paper, we propose a design method
by using the sensitivity analysis method based on the adjoint equation. In order to show an efficiency of the
proposed methods, we perform a numerical experiment in which we show two results obtained by using two

proposed design methods. The results show that the proposed methods make it possible to obtain desired

periodic phenomena accurately.

Key Words:
Optimal design

1 [FL®IC

) ALBSIEERBSRPOYHBR, HDOIERHFY
AT N, REVATLIABEDH) EHOLDEY AT AT
RONDIEFGEHRTH S, 72 21X, ERNTIISH
TFEF RN, OIEOEEI R I T XEHRY) XLHHS
MROEND., Y =TTV - VAL LIEND 1
HEAHE T2 ALBHRXEFETD. 6D X
LABRIE, EENORED=a—IF)0V 32w NI —H
ZWVEEEFAY NT—IWHE2TWBZ WMo
THU,pMB®ﬁ%®i@%B$@ﬁ@%@%%ﬁ

AITFONTE 2, F2ITH2OPFIZEVTIEIN
b@#% WZHD I ) ALBS % THHICERL, I6H
FTAMELITONDELIIIRHS>TETVS., I5ITE
WEFTHL, VALBRKEZEHMIZET) VI LE
@XﬁZXA%%%b&5t?éﬁ%,%éwi%m
LOBRIZE Y N EBTY AT LD, ZEHIBT
LfE4 OREZBIRL &5 LT DHENY X E LD
FTHONBLEDIIB->TETWE, e 21T, B
DEIE2 ) ALBRDPHEIZHELH D LN T—D
DV XLBRIZ AT 2 B SR & IEIEN DB R DX
FXEHROHTHON, ZOBRKLOMATIZET % H5E
DEEAIITDONTWDS, £/2I05DKEZ AR

HEIX S A7 AAIFIER G R E I AT 25 £ 170
NBEHIZR>TETWS.
— i, VATLADINTG A—=ZWBUNELLUIZE &, v

X%AQEé%m,%%%%%ﬁE®&5K§k?é

WEFINRD L, TROBLINT A =R EEOMITIL, >
AT ADERT, FHEHIB DI ET I LGHETHEL
B, H5WDRYAT AL > TIERICHERMET
Hb. VATLADIRDE, HMEDURED S5 A —4
BT B REL, @, TALDNTA—KIZET S
WM LU TEHIND. £/2, VAT LAOMREDINE
XU B B BB - 2 b, ThEH/ND D WVIE

2T BEDBNTA—R%ERD D EEMEIZE

FI0OIYE2—F—3FI - 12FUI TV RPRR
(2016 12R168-178 - 8W)

- 115 -

Rhythmic phenomena, Period sensitivity, Phase sensitivity, Periodic orbit, Poincaré map,

WTC, INHDMEE ARFICE D SHEAHREINT
WS BGEAL T IV T AL % AW TRESEE, REMRITAY
REERD., RO, FHHBEKD/NT A —ZIZET
SWAENBEL 85,

VAT LADBEMRFTOWIEIEE < ME5RIN, T
FTEHLDIIENH D, & ZAN) ALEE, §40b5
JEIBSUZ BT B IBE MR O ZEIE T IUE E S < R,
TOMEIL, AT LD ME—RIHIHPIREEIZ I
HAF U R OWIERE B S DO EFEIRE L UTHEREMICHRE
D, TONT A= OIRIFMEDORBZ 152 Z & MK
THad-0OThHhs. FAPHRSAOBREIZEALTINET
WL ODPDIRERHZ 0L 2 3) ) SELIRRTRN B E &
N3, TOEMAERFEIEDNRINTHARY, FHERY
BNERINTOVRNVEWD XD REEND L. EE
SIERIZ ) ALBROEEMNT & UT, TOHRDEF
R 2 TH D A & AT 2 R E ML % =D
BELTWD 49, 1238 E HRRRNCED L HET
HY, MO—DFMHEHRERNCEDISHIETHD. X
52, INOLDOHBIIEDEIREL2RD B EODKEE
ME L D OFHERN R D EORE AT 7 )L T AL % §
ZLTW53

kﬁ@ﬁ%@,:ﬂi?%%%ﬁ%%bf%t@@%
MEDIAIZOWTHMRT D I L THD. BRI
FrED S FOMMHE £ DV ALBHRODE J&%m
MY . ZOHEIIDOWT, FEFLHIXTTIIHEE) T
& SRR D  EERITIE 2 IOV TEEHT 2 ik
ERELTVDS. ARTIE, BEEARERICED < E
Mtk e OB EHEZ IRE T S, IREEOFMHZ
R 720, REUAZAEEHCTHED) ALABIS %
AU 2 B EROR R & R . RS 8) DRE S
FERUTEE D BEMRNTIE Z W2 3G HE E AR CHRE
B Bl AR AR D SREMTE & W23 EHED
i 5 D FiiE % o TRGEHU 2 B SEBRASE R A R L, T
o OMRER g, FHliT 5.

PG0010/16/0000-0115 © 2016 SICE



2 WRETDVRATLEHEREH
AFTHD DV ALBRIE, ROWD HFEATR
INZIEGLEEY AT LAORMRE UTETFIALT
XDEDENHL TS,

D aw(t) = Flr).p) (1)

ZIT, x(t) IXRERZ bV, pld/NTA—ERT |
NTHY, TNTNnIXTGRYZ MV (2 € R"), pik
TENT MV (peRP) THDLT5. fIFEHREDON
7 MVEBTHZ (F:R* xRP - R™) . f(z,p) I3,
B IV pIicBLTENTN ] B o fTEEE 5.
72, @t xo,p) NN 2(0) = a9 & LIZE ED,
(1) KTRIND VAT LADOKHI t TOfEL T 5. T4
b, @t g, p) IFIXNZ /2T

MMmm=%+AfWhmmMMT(®

(1) KDY AT A%, FEAPIRISLU 72 IR, 972
DY IV A TN ERDEREL, I XA
BIREEBL TV EDLET D, ZOFEMRDIRGEZ
FCBIr2MiE%E vy L L, ZOHE EO—fi% o, &
T5. yPREPHETHDZ LD L &Y, [FEDK
x, €I,

Ly = d)(T’ w“/ap) (3)

ML S, 22T, TIXEAMMOEMTHY, Al
TV ATLDINTG A =R pITRIFL TR ED. A
T, (1) RTEINZYAFAILBITZ ) ZABE,
SHDB (1) ROY AT AOJEMIHG v %55 LT
T ORI B ETH 2 AW EAHDINT A — K& %
R 2 FHikB L CTOBAIZOWTHMT 5.
PARTIE, ARRETHBELZRD WL DNOBUFAM Rt
iz 5A%. ¥AT LD EVER7ZVEE D2 5E
P22 ODEELY —)VEUTRT VI VE
& (Poincaré Map) RIS NTWD 910, K7V HL
BAEDOIEARNZEZ 251X, iR Y 25 Lo A M
EOMHTZ, THLY 1TIRTUROEERRH > 27 AICE
SHMA TN T2 ZLThY, ROEDITEHEIND.
(R7 v HVEHBDER)
JAMIfROIEEZ v £ T5. v EO—HE x,, LU,
ZDRIT v LREWIINIZ D 2 (i) ¥ 252
5. UCY&ia, DiifEE 35, flecUIIHLT

P(z) = ¢(T,x,p) (4)

TEHREINDEHRP U X 2RT7VIVERE XS
72U T () 3l @ 25 T U 7 fRHGE (¢, @, p) D
TSI EoTL AMATHS. Tabb, T(z) =
min{t|¢(t,z,p) € X} TH5.

HEMMZ, zyy = P(24,), T(2y,) =T HELL,
W#E oKX, N7V AHVEBOARERERD. &
B, ~ LRI DS () ik, K7 Y
7 VWriH & IS

JUHELE S U, EElOMIZERINGRT VAV
B4EEATDI LI, FEuE v DU TofiE
DD FEDEM BN EZHND ZENTES.

3 XD X —4 RREDERNTIE

AREITIE, EEOHMPREL T2 FALHE ~ O
AT T BT A =R RE %KD D FHIK, T80
5 RS MRTEZ ST 5. CNETTODHE, T4b
HRE AR D S HIE O LRtk AR KOS
ED RBRELUTHD. JARAEE v o AIEXAH 6
ZNRTA—RIEEERDD-OIZIFET, Tho5DN
TA=RIIKT DRI DO KRB Z (2 BENRH D, T
D7=OIZLUFTIE, FAPED R & A AHICEEd 28
T A=A DEFEOB AR EZEE, ThaiicL
TREZFR TS HiEzEL.

3.1 RS A—YBEDORROEH

JAREE v OIS B /8T A — R ARIFED KRB
DEHIZH7Z>TIE, FTHEBILY AT LDONEE &
DEIICEET IV 2HLNITIRENRHD. £
INEHIAT 5.

(1) RATRIND VAT LD JHHAEE v (23T B 4%
HERODESIZEETD. vyO 1 AHNIZENTHD
HHT2HESR (event) W Z ML E 2 5. Z O
Y%, WYIZED-HAEL RDFL M EDEL UTE
#L, ThE b, LELZLIZTE. EHHt,, EY A
TLADNTGA=B pITEKFELTVWDHDT, ZDIL%
THIEIZ G D72 tey(p) ERT. TOEDITERLH
% (event) D Z DL DAIAH 0(p) ZIRD & 5 ITEFH
35, )
tev p
T(p) ©)
ZZT, T(p) \FAPHE~y DEPTHY, ZhE/NT
A—R pIRKIFELTHREDZDT, ZDOEHIZERLTWY
5. AT, ZOESIZEHELAMHEICET 85
A—R p I ORELET D HEEERT D, N
T A—REEIF— I, TDIRTA—=RIZET DM
HE U TEHRINDDT, (5) ROMWL%E p T T
% L EEDORBMRAD LS I/E 6505,

B PP (p) — tey(p) TP o
12(p)

e THLAHIREE 1Z, FHRMHEZ 2 REZNIT T 2 K E
Otew(p)/Op B X T, AT 5 I&E 0T (p)/0p % K
DDEZENTENEREDZ ZLIZRD.

—J, HEHTRERE LT, 7~ EHTR
AN D DR D, D VIETEHT DIREBELM
TBAAE, HDVITBNMEEZ LD WD XD RI LAH
Z6N5. ZO&D BRI —MKIZ, VAT LDIRGE
x ENNTA=R plTKIFT D R x R — R 5%
£,() VT, WAZMRT AL LTERING.

Ev(x(tew),p) =0 (7)
e ZIE, Rz D i BHOERNFIZRD LD H
RN DA% Lo, T D
xi(tev) = 0

ERTIEMTE, E I, & =u %D, /-, R
ax i FHOEBVIEZ L 2L VWD HRMPEZ D
RiZl % te, £ TB L

0(p) = 2m

- 116 —



LERTILWTE, £, 1 &, = Lo, = fi(w,p) L1D.
PR T, (7) % VT (6) RO 3 X N f s
’Eﬁ@él@‘%gc‘:&é Otey(p)/Op BELT, OT(p)/Op
DRBL%EL.

JARIEE 0T (p)/0p ORBUSL, JIABLED 1 8K
7/771/54%?@7%}3& BHIELEFHLUTEHETE

. EHTZEROBI DL L., 1F, WHRETDHME
,ﬁﬁﬁﬁv DART VA VIE Y &S %% L U T
EHRTDHILICL, TORZZIIARZ t =0 £ § 5.
AT VA VEIFRATERIND £ 5.

o(x) =0 (8)
ZIT, cldo:R" 5 REBZPZEHBTHD. WRLT

B RIHE v (S U, KT Y L WEIREY) I & E T
XBL U, ole) BEHITHE LT 5. AUHLEL KT

U VTS @, 1 (3) AE 2T DT, WA
D AVAC RSN
Lyy = ¢(Ta m'ymp) (9)
Flhao, 3T LOKTHEZENH
0(@2y) = 0 (10)
MWHALT D, (7) XD x(t) IFEAEZ DT
x(t) = ¢(t, Ty, P) (11)

YEF, ZOLE (7) RIBKOBICEL 2 B TH B,

Sv(d)(tevam’vmp)ap) =0 (12)

ZIT, WIA=RpMHNAp ZIIZEL p+Ap &
Bolbdd., ZOk EEMHE~y 1F, FEIRIEZ M
FRULEERTVAVHH S L DR R x,, EEAWT,
B UHEIZ S04 t,, BENTH

w’Yo + Am’m
T+ AT
tey + Atev

LML T D, TRDODLRADNEILTE LTS,
Ty + Az = (T + AT, ¢, + Az, p+ Ap) (13)

$ - HEHEZ BILIANZ T (7) RiE 2 D2 &
D, ROE>I2RB.

5v(¢(te'u + Atelnw’yo + Am"m?p + Ap)ﬂp + Ap) = 0

(14)

IHIZ @y + Az, 13 Y EORADT (10) & D IRK
MWL B

0(2s + Azsy) = 0 (15)

13) ROALE F— 5 —RBEL (9) X%
)

¢(T iL‘,YO,p)AT + 7¢(T w’ymp)Am’Yo

—¢(T, 2y, p)Ap + O(A?)

MESND. ZIZITOA?)IE, AICELTO 2 E
DEIRDHE XY, ZOANZ AT & Az, ZRHHL
THHBRAE LTRSS LRANELND.

0 0
(I — a—woqb(T7 :c%,p)) Az, — ath(T Ty, p)AT
0
= %cﬁ(T, ., p)Ap + O(A?) (16)

72 (14) ROkl %7 —F R,
LEDIMANELND.

o)

oz

+

(12) X2 HWB Z

0
( ( ev)vp)at¢( evam’yo;p)Atev

S Eulalien). P) g

0
%(Zﬁ(tev; Ly s p)Ap

+ gplralt (tey), P)AP + O(A?) = (17)
BB, EROKDIEBTS & (@(te),p) ETRT
Ev(Ptew, Ty, p),p) EHESNREITHEN, ANX—AD
B@RTIDOLDITEEILTWDS., DBEIDL DI
WEB. X512 (15) ROELEF—F—EBL, (10)
REHANDZXIZLY,

¢(tev7 Los p)A.’ILYO

_|_

—&,
0
o
9
a 5( (te'l))7p)
0

%a(m%)Am% +0(A?) =0 (18)
RE6Nd. (16) R& (17) AB LU (18) X%, AT &
Az, & Aly, & REBE LEr R EER D L,
BAELIIZIRR =T D (19) XFEHND. 2 2 TRHRD

fli D720, (19) ROELOBRBATSH % S, HUHE 1
HOBEATYZ V £ LT (19) K2RD LD IZET.
Am’m
S| AT | = VAp+ O(A?) (20)
Atev
ZOSBEREMS Z kY, AP ELND.
Az,
AT | =S 'V Ap +0(A?) (21)
Ate'u

INE D BENIROBIZRES.

%%Q:{s*vmjﬁiwgi}
T 1 o
301 ={ST'V D (n+1)17i5EHE}
%t;” ={ST'V D (n+2) 17 FITH}
INDRDEIREKEDORBTHD. ZORFUIKED

WCTINHDBEZRDD-DIZIE, 758 SBLTV
DEBERERODZBENDHY, INEEZONIHEE X
<, PORERIEETEMNMEE 25, WHHTIHZ
NS ZFHAETLODEEHBRIEESIITINTY X
LB LUREHESRREED S TN TY XL ZFHATS.

- 117 -



) I- am d(T, -, p) —%d)(T, Ty, P) 0 Az,
=& (x(t ev)7p)a:c P(tey, T: D) 0 50 (@(tew), P) & Htew; T+q, D) AT]
a?c (w%) 0 0 Atey
%(ﬁ(T,w%,p)
= _B%gv(w(tev)’p)%(b(tevaw’Yo’p) - %&,(az(tw%p) Ap +0(A%) (19)
0
3.2 RESH7ILIVILA 0% xg TWMNT 2L,
3.2.1 RHEROKREE a
HIIE G 72 (21) ROTTHI S BE OV &3k 2 7~ B, P %0 P)
OIZlE, FTEAYHE v 2RO BEIHD. % 9
KDDL, BH, VATFADETIVCHBMH / Twmp),p)afmﬂﬂwo,p)dT (25)

HRER () %2, #EYREMNE 52 THS Z 22T
bid. FEEE, REEORSER (7 hF 72 —) 12
?ﬂﬁﬁ*ﬁ:%k«»btiﬁf*ét (1) Rz EHREET
RS ZXiz& Y, AN EONE. EZANRIDA
T, HIRIIZIEt — co OMIFR & U CTEIMENE S
LDT, IEFICKRIDNMND Z L2 5Y) FE R NE
V. F 7z, EBRICIEAREBIOET W2 L ALY DI
MITCRMEZITHY) L Z 2 I2RD2DT, KEo7-EMR
DOREEMNMEE 2Y, ZOMBEIXEEDEROREIC
KEIRPEL RIFT. X517, TOHEIRZEREY
fRIZUDEATETS, ZEZAENAAT NI 78 —IC
MDA F N AZE RO RIIZHND Z &8
TERWV., IFTI, INSDMEEZEL -
D RIFIEIZDWNTEHHT 5.

9) R (10) R o, & T BT B REUTER Y &
5RBIENTELDT, y=[z, T) LB

F(y)=0
BRERBGHERE2E XS, 1220

- ¢(T7 :L"Yo’p) (22)

Fw)= | )

T, A'(x)) 13475 A(RZ NV x) DIEETH] (X7 h
V) Th3. ZOREGEREZ=—a— M VIETH 2
1292 & FTDOREHANZIROFIZRINDS.

y'' =y - DF(y") ' F(y) (23)

7-72U DF (y) & F(y) ®
D& IZEKINS.

B9 %Y ae1FsIT, R

DF(y) _ I - T%,qs(T? m’Yo’p) _a%(b(Tv m’Ymp)
%O’(m"/o) 0
(24)
(23) RO =2 — NV EOKEFHFICBVNT F(y) B&
O DF(y?) %8803 5 B35 5.

F(y") OB 1H ¢(T", !, , p) 1&, TIHIGRMZ 2(0) =
wl LU ()RZt=0206t=T FTHEIZLIZ&X
DEENG. H2Bo(a )ik, KT VA LEEO (8)
NFHE UTHDDOTHEAETES.

VjﬁﬁﬂDF@ﬂ@(y07Dv7%$®¢®
s (T, ah  p) 1, IROELSIFEHATES. (2) AD

PEDEND. 24 (1) = 5Bt T0,p) LB L 24 (t)
R % 7 = & D B

d

)
2o (1) = %f(¢(t,$o7p),p)zzo(t), 24, (0) :(216)
ZIT, TIXHBATHITHD. [>T 5 qb(T’, io’p)

&, BEEAREALIEIEND (26) &m&ﬁﬁﬁ&é t=0
MHt =T FTHNZL SO 2, (T") L LTRES.
—7, BEEARRREEAL TRDD FHiEIE, BATFO

£S5, (26) ROBE ST B Bl
NFRATEZEND.
d. o
%zxo(T) - Df : Zxo (T)7 ZZ'(J (O) - ej?
j:1727'”7n (27)

ZZT, Df = mf(d)(t T, P),P) T—Ti—t‘fﬁ)é.
(27)J§;Eﬁi¢‘z\ff5fb?}’b%> 2o &), - d(T7 2l p) I&
wRITEVKRED ),

Ty}, BNT7 by, O jEHERTHS.
if:ﬂvjhﬁﬁu DF(y%) ® (1,2) 70w 7 #EED

Zo(Th @l p) &, (2) RICBWTt=T & ULAERD

Wiz T CHaddIl ikl

9
oT

NWELN, ZOXRDELZEFIHETEIILITLYKRFES.

BUEIZE D (23) RD=a— N ViEO KB % D
5ZLINTE, Za—bVENMNKRTDIE, BT U0
L Wi & SRS DR S 2., LA T, B & O
Bt ey, p), 0 <t THWREDZLIZRD. 4B,
PAETHBAU 72 B O KigiklE, ZE2) Iy by
AINETTRL, 2 ZENAATHDIAZNZAR
BER) IV M YA 2IERDOLEND HILEB>TW
% 11).

3.2.2 175 S &V OERDFEE

7918 &V OFREFL, WRETDHYAT LR
U CHHIPIRTE o 129 B BELRAB LU/ T A —

¢>(Ti,wio,p) = f(¢(Ti»fciyoaP))

- 118 -



RS 2 GRERZ2EL Z T &) TOEEE
ZEHTEZIENTED Y, 00 HEELT, £

ST U CTHEME AR ZES Z itk >TETH S
LV ORBEDHAEZBEL ZENTERY, 22T
&,%@*Wtbf%@@m%mm%%%?éﬁ&%
AT L. FTHEEHIEZ D04 t,, %KD DB BEN
HB. ZTHEFROESIZUTRkDB. ThabL, BiHE
TiHILZma— N VBRIZE D RESZRT A LR
[ & FEIIE D 2 2., ZFIHPREEE UT (1) X% fi#
Z &Iz &) E#GE ¢(t, x, p) BREDDT, ZH
A7) NEMWRT DL L UTHEEPFEET 204 L.,
PRED. ZOWH toy BT 56(tey, T, p) 12K
DESITRDDZENTED. 2,(t) = %q&(t,m%,p)
LBl BEHER

a0 = o F(Blt,20,9), D)2 (1)
g f@ta,pp) %0 =0 (@)

BELIZENTE, ZhEt=0M0501t=t, £THV
T2 EDM zp(tey) £ LT, ipd)(tw,:c%,p) NRED.
—7, MEAREREEAL TRDDGEITELN DR

273 0, ﬁf&%ﬁzpégxb (29) KoL L
V\ﬁf%r‘:‘) XHIT, HBZEH u, 2 EAL Tl
2 < zp, 0y > EMAD. ZOLE L <z 5 >=<
dﬂmﬁp>+<zmwﬂp>ﬁm049 Zt<Df
Zpis2p >=< zp,, Df' - 2, > D LD LITHERT
5 &, mkHl (Xﬁf?‘%bﬂé

< Zp;s zp+Df Zp+ Uy, >

dt
=< zp,, Up > — < Zp,, Zp >

(30)

< gassd
8pi P dt

2T (30) RDALIZERL
d
dt
EEE, IHIT2,(1) =0, 4,(t) =e;6(T—t) &&
¥, 2,,(0) = 0 DK VIO Z LIZFERE LTl % (0,7)
DXMTHEAT DL TRAZES Z LN TES.

Gonim, = [ <

BN RIZBWTr=T—t 8%, ANZHEDH5
e;0(0) I 2,(7) ICHIME % BET B Z & LEMTH S
CEIERT oL, g5o(T, 2y, p) ERD D OO
PEHRERIE, UTORIZARS.

z2,=-Df" - 2,— 1, (31)

g , .
aipif,zp > dt (32)

L5, =Df 5(r), 50)=e; j=1,2,m

(33)
&oT, BEEARERIE 2, (0 = 1,2, ,p) ITH LT A
TRAUTHS. X5z (27) ROBEMHERL AU TH

52 Lib, Za—bhVIEMPORLZE SITRD S
72 230(7), 0 < 7 < T ZHWT (32) AOMH £ 1T A
QAN

BRI LT, BEMESRREHALT 2 6(tes, oy.p)

#RDDZEMNTEE. 2O OREHERI (33)
REFAUTHDD, W r DEEVRLD ZLITHER

TOEIBENDHD. T8O, 7 =1t, -t LEHEIN,
T=0, §HBDOLt =1, DEID 2,(0) % 2,(0) = e;
EBEWTHEE AR (33) 2%, TOMR 2, 2T
MAEFHETLI e TROLND.

{%ﬁmh—ém<

BB, KROFETEMBERROLNTND &,
Za—bVERIZBWTT = T, 2! — x,, &350
T, =a— M VEMPCR U ZRERTITH S, V ORI
HTL<2EDD5 b, %qﬁ(T, T, p), 2T, 2, p),
Lo(x,) BELNTND
4 RREMRITEDISA
4.1 Y XLBROFE~DIGH

ARIHTIE, REUZBEMRITIEOIGHE LTY XA
BHAOFEMEZ LV HITE. 22T, LYHITHM
UL, RO EMHEZE DY XA % EBT 5 ME
T, MOEIITEAMET D, FEITLZWY XADFTE

0 , .
87pif’zp > dt (34)

D EfHETNTN, Ty L 0, 95, ZDL X,
RO & > RGN % e T 5.
1 1

J:§a@¥4w2+§BW—9@2 (35)

ZIZT, a>0% B> 03 REMRBTHD. 2
D & S IZFHMBE R A ET D LFEDY AL % FEHT
ZMEIE, ZOFGERE DL TENTA KR p &
KDDIRD & S B LfEE 2 5.

min J 36
" (30)

Z ORGELRE 2 < Sk, INETE S DOHEN
REINTVDN, RO —BARFIRITABIRICED

SHIEET, malETgk, AL, Ema— b riEn
TORKXNBHETHS. ThoDHEZBEHL TR

WISTA—RERDBD-DICIE, HIBEED/SS A —
WZET 2 A2 WAk eD 2 D WRTET, Z D4R
Z3RKD B DI L AFHDIRT A — X DREE % KD
P EMBIEIIRD. INHDFHEIZ, BIfiETIZH
BHU 7= AT E 2 FHVN B 2 e AT X 5. Bz, Bk
FHRERIEE D  BEMNTIEZ W& GHEE, RO &
ABRTNVIVALELTEEDLEND.

Step 1. HYIZHIIME TO, o , p ZFAET D, i =
95.

Step 2. F(yl) & DF(y') 2#kdd. 2oL ¥,
s ®(Th ! \p) &, BEMESREA (27) %
T=00b =T FTEX, (28) Rick Yk
D5,

Step 3. DF(y')"'F(y )OD/JDL\bf‘l‘ﬁJ\/J\ifC?‘ﬂli,
T=T, @, =1z, &UT Step 5. IZHED.

Step 4. (23) RiZ&V ¢y ZFHHHL, i=i+1&LT
Step 2. IZR 5.

- 119 -



Step 5. o/ T &0 &Y, HWBE J Dz k5.

Step 6. 1751 S &V 2:RkD3. 727201, %¢(T,:c,m,p)
i, Step 2. Tk~ z,, = HNT, (32)
AN&DzkDd. 7z, %(ﬁ(tw,m%,p) b
5= Bltew, Ty, P) 1E, T = te, —t & UTHME
FiREA (28) AzfigE, (34) XLV KRDB.

Step 7. ST'V #FELT, BEZRDS.

Step 8. WM ARAFIEIZHE DS HIETNATIA—Z p %
HHd 5.

Step 9. p DEFHEMN+/NIFIUFKTL, T5TH
IFAUE Step 2. 12K 5.

4.2 HEEERA
ARIETIE, REFEOEFENM2RT 7201, IRATHR
X N5 Brusselator & x4t & U 72 BUBEFEERBI % =9,
Saa(t) = p1— (ot Dalt) + 3 0al)
d _ 2
Gim2(t) = paan (t) — o7 (t)w2(t)

ZZT@/§5%~5lip = [p1 pg}/ T, pr>0,p2>0
ThHd. ZOVATAR, [pr 2] 2 FERELTED.
ZOFHiEIE py > PP+ 1 DEXIRELET, DL X
RERY IV "N IUBNEETE D, 203w b
YA ZIDERFRRDO) ZLBHRE T 5.

ZZTE, VMY 27BN T 2 = 3.0 &
BB ODREDD b, 1o DMEINI W DIRRER A
HEZHEE T2bLZ0SOMHOEE 08T 5.
7/, MHZRODZERL LT, MHODHANOIEE
BZEELIHIOT 25(t) = 3.0 L BBHEHKLL, Thab
b Ey(x,p) = x2(t) —3.0 £ L, TORME 6., &F
5. TR T, & AifH 04 IZZNEN T, =5.09 &
0y =0960 L 5EZX5N2Z LT 5.

DI Mo 2IIVERT VA VI & O S ORF
0LB2ED, R7VAVHEYE % o(x) =21—-3.0=
02U, X (36) D LME%Z ARLEICED < HED
— DO THDUE=a— N UIEEZHVTHRLS 2 & THEFT
%, #e—a— KUkl LTI, DFP#EZHWS. /85
A—=Zp%kp=1[.030%~d5L, Fig. 1& Fig
QIRTEIBRLER) IV I AL EEL, TO
JEHA & A7TFEI 7.156919932 & 2.022974683 TH . =
DINT A =R 2 GEIZ, HUBEBOEA o & 3 %
a=B=10¢&EL, BEAEINEIS[ES LY
BafE HFERICEE D < HED TN TN THOELRE (36)
BN, BEATERICE O AETHOW S, 11
EIDEFIZ LY, FHHEEOMEIX 3.5949346453 x 10~ 17
EFINIBEE Y, YATFADINTA—=RE LT
[p1 p2) = [2.0027748631 6.0052294588]" 731G 5 /=,
BCE HRE RO K TRV 54, HU< 11 [
DOFEHIZE Y, FEAMBEEOAE I 3.5462311292 x 10717
CFINIBMEE R, YATLADINTA—RELT
[p1 p2)’ = [2.0027748632 6.0052294590]" 231G 5 7=,
BEHREAE AW ZGE AR AW 2550
H B & Z DRSS T\ S HINEIE D Al D
fli% ZNZh Table 1 & Table 2 1239, F/=, Blfk

X2
I
T
Il

Fig. 1: Phase space plot of stable limit cycle of Brus-
selator (37) for [p1 p2] = [1.0 3.0]".

Fig. 2: Time evolutions of stable limit cycle of Brus-
selator (37) for [p1 pa] = [1.0 3.0]".

FRACED L AEE HOTHRO 2540 BB O
PR OB T % Fig. 3 12”9, Table 1 & Table 2 2
5, “ODREETHELNEIFHEAOHFET—HL
THEY, MHIXAFOHERELZERHTI TSI L
WoMNd., BENZINTA=ZEIZBITE Y AT LD
LERY) Iy MY A V7 )V% Fig. 4 £ Fig. 5257,
BonzY) Iy Mo 2I)IVOEEAE%Z 3.2.1 HiD
HIRORMBEIZ LD RDD &, BEHERHEIH
FETHELNZ/NT A =2 TIE T = 5.0900001561 &
0 = 0.95999998625 TdhH o7, —J5, Mt HERIZED

10712
10714

10716

10-18 ! ! ! ! !
0 2 4 6 8 10 12

Number of iterations
Fig. 3: An example of convergence behavior of ob-
jective function J obtained by using the sensitivity
analysis method based on the adjoint equation.
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Table 1: Variations of values of objective function J and gradient ‘g—; obtained by using the sensitivity analysis

method based on the sensitivity equation.

Number of J aJ aJ
iteratioins op1 9p2
0 2.7010362990 —17.209306407 1.0858626920
1 1.7599423560 —3.3457746772 —1.8415342379
2 0.31798948968 —3.7749718547 0.83203640454
3 0.028614599676 —0.018053405956 —0.081915694556
4 0.0094230862518 —0.38721710478 0.094198573611
5 0.0032816869001 —0.0056444836795 —0.023205917906
6 8.0228197320 x 10~° —0.043728854069 0.013454613876
7 3.4847968305 x 106 —2.0996190826 x 10~% | —6.8237689139 x 10~*
8 3.2489097129 x 10~ | —9.1527853379 x 10~° 2.9732398038 x 10~
9 3.5949327637 x 10~17 | —6.8820156094 x 10~1° | —2.1808059753 x 107
10 3.5949346453 x 10717 | —6.8819807580 x 10~19 | —2.1808077372 x 10~7
11 3.5949346453 x 10~17 | —6.8819807580 x 10~1° | —2.1808077372 x 1077

Table 2: Variations of values of objective function J and gradient 8—; obtained by using the synthesis method

based on the adjoint equation.

12}

Number of J aJ aJ
iteratioins Ip1 Op2
0 2.7010362990 —17.209303399 1.0858632582
1 1.7599424184 —3.3457771630 —1.8415334743
2 0.31798886619 —3.7749611874 0.83203516975
3 0.028614197263 —0.018054503232 —0.081914594278
4 0.0094228515106 —0.38721166058 0.094197550300
5 0.0032815900972 —0.0056447722528 —0.02.3205412915
6 8.0205670841 x 10~° —0.043722921203 0.013452880763
7 3.4831885650 x 10°6 | —2.0991085588 x 10~* | —6.8221928550 x 10~ *
8 3.2471331810 x 10~12 | —9.1502689613 x 106 | 2.9724407671 x 10~
9 3.5462322333 x 10~17 | —6.9935946258 x 10~19 | —2.1608346040 x 10~Y
10 3.5462311292 x 10~ 17 | —6.9936152122 x 10~ 10 | —2.1608335629 x 10~?
11 3.5462311292 x 10717 | —6.9936152122 x 10~19 | —2.1608335629 x 10~

X2
F
T

Fig. 4: Phase space plot of stable limit cycle of Brusse-
lator (37) for [p1 p2])’ = [2.0027748632 6.0052294590]'.
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DALHEEH) EHODBY AT LA DNG b
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DEREFHUTY AT LD, BEHIB ISR~

Fig. 5: Time evolutions of stable limit cycle of Brusse-
lator (37) for [p1 p2]’ = [2.0027748632 6.0052294590]'.
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Estimation of Forearm Posture by EMG Using a Quaternion Neural Network
* T. Ogawa and H. Firdaus (Takushoku University)

Abstract— Quaternions are often used for the posture expression of an object in the three dimensional space in
the robot control and the computer graphics. Quaternion neural networks can learn a relation of the input/output
relation which is expanded to quaternions. In this study, we introduced a quaternion neural network to the forearm
posture estimation by the EMG signal and confirmed the effect by a simulation.
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Quaternion neural network, forearm posture, EMG.
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(a) (b)
Fig 1. Body axes and forearm’s rotation (a) body axes, and
(b) forearm’s rotation around each axis.
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(b)

Fig 2. Corresponding muscles (a) biceps brachii,
(b) pronator teres, and (c) infraspinatus ',
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Fig.3 Recurrent quaternion neural network that models the
relations between EMG signals and displacements.
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Table 1 Network parameters

Parameters Values
Number of input neurons 2
Number of hidden neurons 10
Number of output neurons 1
Learning rate & 0.001
Momentum rate o 0.9
Number of training epoch 10000
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Fig.4 Convergence of learning by decreasing training error.

Fig.5 Result of estimation of rotation around each axis;
green, red and blue arrows represent the rotations about the
x axis, the y axis and the z axis, respectively.

Fig.6 Result of estimation of two rotations; blue and red
arrows indicate the rotations about the y to z axis and the y
to x axis, respectively.

Fig. 7 Result of estimation of 1/2 rotation around each axis;
green, red and blue arrows represent the rotations about the
x axis, the y axis and the z axis, respectively.
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