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Verification of Multimodal Genetic Programming Introducing Program Simplification

* K. Murano, S. Yoshida, T. Harada and R. Thawonmas (Ritsumeikan University)

In this research, we introduce program simplification into Multimodal Genetic Pro-

gramming (MMGP) and verify its effectiveness. In recent years, multimodal optimization that simul-
taneously acqﬁures a global optimum solution and multiple local optimum ones is studied in an opti-
t

od represented by an evolutionary algorithm (EA). MMGP simultaneously acquires

owever, since MMGP divides the solution set

some programs cannot be assigned to appropriate
optimization process. To overcome this problem,

this research introduces a simplification of a program into MMGP to remove redundant subtrees. The
experiment in which MMGP with and without the simplification are compared reveals that the sim-

of MMGP because the simplification does

not affect the optimization process of MMGP in the benchmark problem used in this research.
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Fig. 1: An example of a tree structure used in GP
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Fig. 2: An example of the multimodal op-
timization problem
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Algorithm 1 A flow of MMGP

1 P, <—random initialization

2: C, <clustering(P,)

3: for g=0toGdo

4. Py—¢

5: for i=1to |C,| do

6: for j=1to |P,|/|C4| do

7 if rand(0,1)<crossover probability then
8: p1 = tournament(C:)

9: r=randint(0, C,)

10: p2 = tournament(Cy)

11 newlIndividual<—crossover(pl,p2)
12: Else

13: p=tournament(C})

14: newlIndividual«<—mutation(p)
15: end if

16: P;<—P, U {newlIndividual}

17: end for

18: endfor

19: Pyi1<P,UP,

20: Cy1Clustering(P,.,)

21: fori=1to|Cy44| do

22: L; =Max(l,|Ct,,| do

23: end for

24: while |Pg4|>|F,| do

25: fori=1to|C,,,|do

26: if|Py 41l ==1Py | V |Chia| < L then
27: Break

28: end if

29: p < negative_tournament(C/,,)
30: C§+1 - ng+1 \ {r}

31: end for

32: end while

33:  end for
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Table 1: The rule of simplification®

Precondition Effective Result
If <0 (a, b, C) — Bifa < 0,else C
If<0(Q, B, ¢) — B
a+b — c,c=a+b
a-—b — cc=a-b
aXb — c,c=axXb
a-=+b — c,c=a-=2»>
a+ (b+ 0 — c+Cc=a+b
a+ (-0 — c—Cc=a+b
a—(b+C) — c—Cc=a-5b>
a—(b-20) — c+Cc=a-5»
a X (bxO0) — cXCc=axh
ax (b ~+0) — c+Cc=aXxhb
a~+ (b +0) — cxCc=a-=+b
a+ (B +c¢) — b+ Bb=a+c
a+ (B - o) — b+ Bb=a-c
a—- (B + ¢ — b—Bb=a-c
a— (B -0 — b—-Bb=a+c
a X (B X c) — b X Bb =aXxXc
aXx (B +c) — bxBb=a-+c
a+ (B +oc — b+ Bb=axc
A=1 — A
A+ A N 1
0+ 4 N 0
0xA=Ax%x0 — 0
AX1=1xA4 — A
A+ 0 0+ A — A
A-0 — A
A—-—A — 0

1 1 N A
A><§=§><A 3
Ax%:%xA - B

7'a 7T KT 50575 (MMGP with full simplifica-
tion, LI MMGP-FS). 2 ©HI%, MMGP OB EE
BOBIZOAREIALAZEA L, Stz L
Wn 77 AOFEETTHH5E (MMGP with simpli-
fication for clustering, LARE MMGP-SC) TH 5.
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Table 2: Success ratio of finding the global and local opti-
mal solutions (6 = 0.1, maximum depth=4)

Table 5: Success ratio of finding the global and local opti-
mal solutions (6 = 0.1, maximum depth=8)

Original MMGP-FS MMGP-SC Original MMGP-FS MMGP-SC

MMGP MMGP
d Global | Local Global | Local Global | Local d Global | Local Global | Local Global | Local
0.5 | 100% | 100% | 100% | 100% | 100% | 100% 0.5 | 100% | 100% | 100% | 95% | 100% | 100%
0.6 | 100% | 100% | 100% | 100% | 100% | 100% 0.6 | 100% | 95% | 100% | 100% | 100% | 100%
0.7 | 100% | 100% | 100% | 100% | 100% | 100% 0.7 | 100% | 100% | 100% | 100% | 100% | 100%
0.8 | 100% | 100% | 100% | 100% | 100% | 100% 0.8 | 100% | 85% | 100% | 60% | 100% | 85%
0.9 | 100% | 85% | 100% | 90% | 100% | 90% 0.9 | 100% | 60% | 100% | 35% | 100% | 35%

Table 3: Success ratio of finding the global and local opti-
mal solutions (8 = 0.01, maximum depth=4)

Table 6: Success ratio of finding the global and local opti-
mal solutions (6 = 0.01, maximum depth=8)

Original MMGP-FS MMGP-SC Original MMGP-FS MMGP-SC

MMGP MMGP
d Global | Local Global | Local | Global | Local d Global | Local | Global | Local Global | Local
0.5 | 100% | 100% | 100% | 100% | 100% | 100% 0.5 | 100% | 100% | 100% | 100% | 100% | 100%
0.6 | 100% | 100% | 100% | 100% | 100% | 100% 0.6 | 100% | 100% | 100% | 100% | 100% | 100%
0.7 | 100% | 100% | 100% | 100% | 100% | 100% 0.7 | 100% | 100% | 100% | 100% | 100% | 85%
0.8 | 100% | 100% | 100% | 100% | 100% | 100% 0.8 | 100% | 95% | 100% | 100% | 100% | 70%
0.9 | 100% | 90% | 100% | 80% | 100% | 90% 0.9 | 100% | 60% | 100% | 80% | 100% | 40%

Table 4: Success ratio of finding the global and local opti-
mal solutions (6 = 0.001, maximum depth=4)

Table 7: Success ratio of finding the global and local opti-
mal solutions (6 = 0.001, maximum depth=8)

Original MMGP-FS MMGP-SC Original MMGP-FS MMGP-SC

MMGP MMGP
d Global | Local Global | Local | Global | Local d Global | Local | Global | Local Global | Local
0.5 | 100% | 100% | 100% | 100% | 100% | 100% 0.5 | 100% | 100% | 100% | 100% | 100% | 100%
0.6 | 100% | 100% | 100% | 100% | 100% | 100% 0.6 | 100% | 100% | 100% | 100% | 100% | 100%
0.7 | 100% | 100% | 100% | 100% | 100% | 100% 0.7 | 100% | 100% | 100% | 100% | 100% | 100%
0.8 | 100% | 100% | 100% | 100% | 100% | 100% 0.8 | 100% | 95% | 100% | 85% | 100% | 80%
0.9 | 100% | 95% | 100% | 95% | 100% | 90% 0.9 | 100% | 80% | 100% | 50% | 100% | 65%
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Fig. 3: Experimental result (maximum depth=4).
Blue: No restriction, Orange: without x, Gray: without y, Yellow: without z, Blue: without w.
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Fig. 4: Experimental result (maximum depth=8).
Blue: No restriction, Orange: without x, Gray: without y, Yellow: without z, Blue: without w.
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Reactive Hybrid Particle Swarm Optimization for Job-Shop Scheduling Problems

Considering Energy Management

* S. Kawaguchi and Y. Fukuyama (Meiji University)

Abstract—

This paper presents reactive hybrid particle swarm optimization based job-shop scheduling prob-

lems considering energy management. Conventionally, the scheduling in factories and optimization of energy
plants have been solved separately. Namely, energy costs have been ignored when the scheduling is optimized.
However, it should be considered from the management point of view. This paper tries to optimize production
scheduling and energy plant in order to minimize production time (makespan) and total energy costs simultane-
ously. Effectiveness of the proposed method is verified through simulations with 10 jobs 10 machines problem
and it is verified that the proposed method obtain higher quality solutions than the conventional method.
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tion, Combinatorial optimization problem
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Fig 1: The relationship between JSP and EMS.

Table 1: An Example of JSP with 3 jobs and 3 machines.
Technical order in every jobs
(Machine Num, Processing Time, Electric

Job Num Power energy Consumption)
Jobl (1,3,2) 2,2,2) (3,1, 1)
Job2 2,5,3) (1,2,2 (3,3,3)
Job3 (3,1,1) (1,5,1) (2,4,2)
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Machine3 E‘ J2 Ji1
A schedule in a primary problem

Energy loads of a schedule

Fig 2: Calculation of an energy load using a schedule.
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Table 2: 10 jobs and 10 machines problem.

Job Factory operation information (Machine number, Number of processing time, Electric power energy consumption)
1 (8,62,10) (9,24,5) (625,15) | (4,84,10) (5.47,5) (738,15) | (3,8225) | (1,93,10) | (1024,10) | (2.66,5)
2 (6,47,5) (3.97.15) | (9.92,10) | (1022,5) | (29325 | (52925 | (856,100 | (480,15 | (1,78,15) | (7.67,15)
3 (5.,45,5) (846,15) | (722,10) | (3.26,10) | (10,38,10) | (1.69,15) | (540,15) | (4,3320) | (9,75,15) (6,96,5)
4 (5,85,10) (9,76,5) (6,68,10) | (10,8825) | (4,3620) | (7,75.25) (3,56,5) (2,35,15) | (1,7720) | (8,85,10)
5 (9,60,5 | (1020,10) | (8,25.5) (4,63,10) (5.81,5) (1,52,15) | (23025 | (698100 | (7,5420) | (3.86,15)
6 (4,87,20) (10,73,15) (6,51,5) (3,95,10) (5,65,20) (2,86,5) (7,22,5) (9,58,5) (1,80,10) (8,65,15)
7 (6,81,5) (3,53,15) | (857,100 | (771,100 | (1081,5 | (143,15 | (526,15) | (9,54,10) (4,58,5) (2,69,15)
8 (5,20,5) (7.86,15) | (621,100 | (9,7920) | (10,62,20) | (3,34,10) (127,5) (2,81,5) (8,30,5) (4,46,5)
9 (10,68,15) | (7,66,5) (6,98,10) | (9.86,15) | (866,100 | (1,56,15) | (4.82,10) | (2,95,15) (5.47,5) (3,78,15)
10 (1,30,5) (4,50,15) | (834,15) | (3,58,10) (2,77,5) (6,34,15) (9,84.5) (5,40,10) | (10,46,10) | (7.44,10)
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.

SF VY, Case 1 TIX, KD ISP I D EE{LOFH

WEZHREE L, Case2 T, EMS Z& & L7= JSP IZxf

LTAA 7 AR OF/MEE 1T IREFNVF—a A D

B/MEDERZ LA SET-HEOFRE RO 21T 5 .

PITFIZ, &30 A—H &,

(RHPSO * HPSO 5/ 37 A —4#)

- PRARIEH: 100, teryg,:100, S:0.5, €;:0.6, C,:0.1

(PRTS /3T A —4#)

« BRZRIER : 10000,

(RHPSO * PRTS /37 A—%#)
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- TL EDEERq : 0.1, CYCLEMAX : 30,

“Ny:1, No:1, Ng:2, MSlimit : 960,

Case I: AR Hw, : 1.0, BEAHREwW, : 0.0,

Case 2: AR %Ew, 1 0.1~1.0 (0.1 %I &),
EAEHwW, : 0.0~0.9 (0.1 Z)7),
AR Ew, 1 0.2,

42 V2al—YaviER

Table 3 (Z, Case 1 (Zxf L C PRTS, HPSO, RHPSO
A LTEBED A A 7 2 OSEHE, &/IME, &K
il, HEAEEAEEART. Table 3 k0, #RETHD
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WRAR5 2 LR o7, DFEV, EH LI
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AATEEL : 30,

Table 3: Comparison of averages, the minimum, the
maximum, and standard deviation values of makespan
values for case 1 among PRTS, HPSO, RHPSO methods.

TLL Ave. Min. Max. Std.

10 943 943 943 0.000

20 943 943 943 0.000

PRTS 30 943 943 943 0.000
40 943 943 943 0.000

50 943 943 943 0.000

10 945.167 943 952 2.282

20 943.133 943 947 0.718

HPSO 30 943.133 943 947 0.718
40 943 943 943 0.000

50 943.267 943 947 0.998

10 943 943 943 0.000

20 943 943 943 0.000

RHPSO 30 943 943 943 0.000
40 943 943 943 0.000

50 943 943 943 0.000

ME~OHNED MR TE T2,

Table4 |2, Case2 2% LT Case | THRIMDHEZR T
X 72 PRTS & RHPSO ZiEH L, il L CTHIHITL B%
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W69 5 HE XV, RHPSO 1 PRTS (Z e, SEH)(E
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ITIZ L TEOEWRESD Z LN TE 5 2 L 2R
L7-.

Fig. 4 12, #REEZHOTw, 2B SO A A
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Table 4: Comparison of average and standard deviation values of the objective function values for case 2 between PRTS

and RHPSO methods.
Wi 0.1 02 03 04 0.5 0.6 0.7 0.8 0.9 1.0 Ave.
PRTS Ave. 121.898 | 119462 | 117261 | 114748 | 112.340 | 109.951 | 107.502 | 105.039 | 102.308 | 99.263 | 110977
std. 0287 0303 0.268 0.249 0.181 0.161 0.136 0.064 0.017 0.000 0.166
RHPSO | Ave. 121706 | 119432 | 117.023 | 114685 | 112244 | 109.834 | 107443 | 10502 | 102364 | 99.263 | 110.901
Std. 0.221 0.169 0.150 0.097 0.128 0.092 0.054 0.050 0.055 0.000 0.102
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Total Optimization of Smart Community by Global-best Modified Brain Storm Optimization
* M. Sato, Y. Fukuyama (Meiji University), T. lizaka, and T. Matsui (Fuji Electric, Co. Ltd.)

Abstract—

This paper proposes a total optimization method of a smart community(SC) by global-best modi-

fied brain storm optimization(GMBSO). Energy cost, actual electric power loads at peak load hours, and CO2
emission are minimized by the proposed method. Many evolutionary computation techniques such as Differential
Evolutionary Particle Swarm Optimization (DEEPSO) , Modified Brain Storm Optimization (MBSO), and Global-
best brain storm optimization (GBSO) have been applied to the problem. However, there is still room for improving
solution quality. The paper proposes GMBSO, which is a combined method of MBSO and GBSO. The proposed
method is applied to a total optimization problem of a SC. The results by the proposed method is compared with
those by conventional DEEPSO, BSO, MBSO, and GBSO based methods.
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u”j%’\@’}ﬁﬁﬁ’:@, W1,W2,W3:%\F$§J§5U1ﬂ'?‘5§(7f
8wy +wy + wy = 1), wy 1 XFILT 4 EICKHT
HEMEEL, Penalty : PREZEESCUEIB ALK
BT STy A e LT REOFD.
—ANCIE, REAEDBRESND L, TRLF—N
T VARG L DB AL EHE S NS, D
TEBERD IO BT IMESMIEE & 25613, iKY
ENEDORFD 2 ) VAT VT 45 E R U
% BIREEEI T VT o fEE L TR 5 (1)K
5 AW AT T o B AR WS,

3.3 HI#HEY

(@) TRILF—RT R PEZE « ZEH TR TCIX, B
7« R BAC RV X —RT R EEET D, FRESY
FClX, BB RGN T R EEET
5. ENZRNX—RT AL, BABNEICLD,
LD 17> T D. ART R F—3T AT
A T ~OREHHA) AT L EY 2T TN 5.
PEZE « BT OB VX — T AL, HERE~
DATITLDLL D ZToTWD. FEFBH OB
XF—NF UL, HARAIa EEAAGRN L1 3te 7
S TW5. FESBHORGT=RNLX—X, IFEENE
BN Te o T DRGSR BENERE) L e b, B
GAEE A )T LDERY 2175 T 5. Loz 3L
F—NRF A, FTRITEY RIZEHTE 5.

Inr@>,2)=0,(n=1,..,N,r=1,..,R,)

y= (ylﬁ ""yL)T'Z = (Zlf ""ZL)T (2)
ZIT, y BREEEIHET DM OER) - 15

1= GEESEh: 1, 121k :0) X7 kL, z: FRTEEE
WS B B OF%AE D AT T H T & FR
T BV, g (¥,2) - TEND TR T —rD
NFG AR, L REEB DR, R, 7¥nD T 3L
F—FERI%K.
THRNAF—NRT A, FZFVX—DOFFEIIXL,
BB OBRMHIZL > TmRf X —2 a5 & &,



732%’ ENEEAT D 2L TRIEN TN S.

(b) Befhrtt x| O & 7R 9 B % d 5 AU
T, T ORI TE HHEPHO LT ERIEIIAE
X<, FTATERATES.

Ing,2) =0,(n =1, ...,N,q =1,..,0,) 3
T, gnq(y z) T Hn O Eq DR R,
hnq (¥, 2) : 7B OBHq DEAHHIF, Qp : 77 EHnD
gk,

RO XD, ySRET D &, 2,0 H DR E
SNdHDH ,‘W% Ty Lz, DL 7o TN D,

KF%&EG& D B ORI T — XA IR R & 7
STHEY, BFORENME IR X OWEME (RIZBET 2]
HIZRIER?, E%bﬁ#@%ﬂi&ﬁjj EEETDLE, WEEK
VB - EHE O 5 & 72D, iEo T, ERRERYLE,
IRETEEOERE R b & 72 0, SRR L
OHEANRLEL 72D,

4 MGBSO [2&BRT—b,aZSa=F4KR
B&Et

41 BSO DFE

BSOIZ201 1 ICBIR SN - L E TIETH S

BSOD T /b2 X L% LI FITRT.

Step.1 FIHIfREA AL : —ERELECE O TnfE O fE (R4 R,
Step.2 7 T AKX YT nﬂﬁl@ﬂﬁlﬁi%k-meansfi%fﬁb‘
TmE D7 7 AZIZ3TD.

BHEAAER VRT3 Dy T AL 2T 2 A
IR L, Rz AT 5.

B O L B SV EiR &, RV EBEFO
AR A e L, 5HlAS BT OEKE 5%
R &IV i KRR L 72 B Step.6-~.
%5 T7role b, Step2o~.

HASHNCAT O VT fif & fcdfR & L CHIA T 5.

Bk X 512, #2479 % MP-GBSODE (I 5T Step.2,3
%&ET%t@,UT,:@Zo@x?yfmowT
M5, Step.2 TiE, k-means IEIZ X Y mlED 7 T A
BN Tk, 77 A4, BRIBIEIEA N S WA
T XU TERERL, | Mol fllikE s T AL
=T D ET, Paustering < rand(1,0) DI,
EFBRMENO—EERLE CAER LIk E 7 7 A%
H—|ZEE Mz D, Step.3 TiX, HEMAEIT 1>, £z
X2 SOfEKRETICAER S NS, FEEAERIIE, LA
TO@)~6)XZE AN 5.

Step.3
Step.4
Step.5

|z 48

Step.6 A

X[ = xp + E(iter) x rand(1, 0) (4)
&(iter) = logsig (W) X rand(1,0)

(5)
xsld — rand(t) X xselectedl

+(1 _ rand(i)) x xis;_electedz (6)
i=1,.., Lj=1,.. L)
ZIT, e i A ORI OREL LY, 2 i
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F B OREAHERORTELER, & (iter): AL EEK
iter[Al B D AT > 7 A XL, iterqp IRIIE
ML, ATy 7 A XEIEE (iter) N Dlogsig ()
M oBEA £ 25720 0% %,
xicjelectedl xls]electedz Vi 7 Z & D /§ if_ i7
VB DR S T2 B OEIRORELL, 1
BRMEARKL, LR EEE DR

X OBPTFETfERZ N T4 DI END.

- P, >rand(0,1) DK, 1 DD T AK % T X AT
BT 5.
Patternl. Pppecenter < rand(0,1)DEf, T 2 & L5

RENT1DDY T AL L Ex LT 5.
Pattern2. Pppecenter < rand(0,1)DEE, BIfED 7 Z A

0T B WA E R Lt & T 5.

- Pope < 1and(0,1))DOWf, 22507 T AX & T K A
WERT 5.

Pattern3. Pryocenter < rand(0,1)DEE, 25027 F A
V-4 q;,‘b(xisjelectedl selectedZ) L (6)4‘%% VY
Tt BT 5.

Prwocenter = rand(0,1) D5 25DV Z

ABND T U BTEIR LTz 2 DOfEK

(xselectedl' selectedZ) <1: (6)JQ fz );H VY «Cxold

AT S,

Pattern4.

42 MBSO DOHE®

BSOldk-meansiEi & HW 5728, ALFRAFTARE W
SN ®H -T2 £ 2T, MBSOIZFHR AN 2K
% 7=, Simple Grouping Method% FV 2. F7=, JRFT
BEERICIUR T 5 Z L 2t 572, Idea difference
strategy & WO B X HITED, KOH LWL I A
TW%. MBSODHHAZLLFICHIT 5.

new
XU

( random(L;, H;) (random(0,1) < pr)
x4 + random(0,1) x (xelecteds _ ysetectedz)
| (pr < random(O,l))
(i=1.,Lj=1.,1) (7)
2T, XV & B OFEHHZER, £ & EH O
SRTHIMEIR, random(L;, H): DIRICRIEDYREL
Bj o/ MEL;, FRAIEH; O —FRELEL,
x]selectedl’xjselectedz:fﬁﬁ@1ﬁlﬁgz)) . ONN
STz 2 DOEIR DY EZESEY DE.

R

43 GBSO DHE M

GBSO (% El-Adb (Z L - T 2017 4E{ZBH%E & 4172 BSO
DERTFETHD. GBSO TlE, 77 AKX Y T
— 7 U v NigEZ S, SRERFEIZ BRE L7222,
k-means D{X:#> ¥ |Z Fitness-based Grouping (UL T, FbG)
ZHWD. LTI, FoG D73 Y A LERT.



Step. 1 & HAYBIEMENEIZ T > % o 72 AT 5.
Step. 2 (8)= A& HWTMEDERZKHIZ 5T 5.
g =RO-D%K+1 (=1,.,M (8
=2, g(): KD 7 —TF S, R AR DIE(E.
GBSO T, x{J*DHeE LIFT, FHT &V gbest%
AN Tx P EAEIET D, EE HIE, GBSO Dgbest% ]

WD L gbest T K Dx{{* DIEIEXEZLITD XS
B L7220,
C > rand(1,0) 9
iter
C=Cnn+ X (Cmax - Cmin) (10)
t rmax
x = x0 + rand(1,0) x € x (277" — ) (11)

Z T, CldgbestDIE#HZANDINE 5 )ERT
DI DWER, Chpgx: COMED TR, Crpin: COME
D/ MBI gbest {EIADIREZLLL .

44 GMBSO DX

224 5GMBSOIE, MBSO & GBSODHA TFETH
%. 418iDOBSOT /LA X LIZEBWT, Step. 2007 T
2B ZIZIEGBSO THEZE SNV -FbG & W, fRO T
HRIIMBSOD iz W 5. £7-, fEEROFEHHIC

B xR E > TR, 73 el 9) At 7= 37,

GBSO CHRE I N EEXREZLE Lo EX1)E H
WX EIEIET .
Step.1 WIHIfRAERL : —ARELEZ T Tl OB AR AR k.
Step2 7 T AZ Y T
Step. 2-1 nffil O {4 % FoGZ H W TmfE D 7
FAZGTB.
Step. 2-2 A fE{AD HHBAEE A RO TZ
XU EAERL, TUXUTNUL
DWEEZ 7 FAEZD T FAE®
vE—=ET 5.
Step.3 Hr{EMAAER -
Step.3-1 4.1ffi DPettern.1-4% AV Tx /4 %38
*R L/r pclustering < rand(l,O)@B%E,
ETBRIEN O —FRELECTAR L 72

k%7 A2 Z—IC@EEH
5.

Step. 32 efF(9)A A& 7297, (10)(11)30%A H
WX AEIEIET .

Step. 3-3  (7)2A& HIWTHHEEZ AR 5.
Step.4 B : i L <Ak Sz flik &, ZiL & BEFD
R i U, S B OEIR A 7%,
Step.5 TR D B AT RBAERIEI 2 L 7= & Step.6-~.
%9 ThroTl b, Step.2o~.
Step.6 FAEHITATF BT iR 2 Feifif & LT3 5.

2229 2 GMBSOI T — %1y 22 d g R A8 85 2-4% 5 b
HTETHY, FaRREIGEAETHD.
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51 1Y EIFEH"

FRRICH DEEEBIT R EINTWD L0 E O &R
i3, %\@ﬂf&ﬂjjmﬁ%ioﬂb@ FLEE 11 & B
DOHITMEZER D MERH B, D7D, Tiuh TEEK
B EH A TH D, RKim LTI, %0)20@%;&
1 OOEGAEBICERT 580 LB E AW
T, WA O A VTR bEZ <,

52 HFRGASOHE Y

—RRANCIE, BUEDMERMED LT, 30 By
DY) @Aﬁﬁ”ﬁk%k)\&ﬁ%ﬁ@k?ﬁ&@ﬁ%
FATAIRERI A SR OTRR I & T %, DF VY, ks
PEDZ 2 B JE LRSRBEI 2 IR ET D, ZAU ﬂb ZN
i LT, B@El@ﬂﬂ@rﬂ_ﬁﬂi&ﬁ17 AR N
JEL, &DICHEICHRREZHT 5 2 L 2R d
B, £t ZOHEIL, TR TN h S
rﬁﬁ*ﬁﬁ%ﬁiﬁbuﬁ“é Lehrn,

AfRAE, - HOEH Ofikfert, AmttE ZE 15
al é: L0, BB ORBHEIBLOHHSLLTD X 9

IZHRETH D, HEGRIHIZI WV TIE, FEAREOFIHIE
(HSTiniviar) & 5 %2, SFRFE ORIRF RO EEE, BT
(K - &), BHIERST), nAE2EETL L,
UTFA2)-(14)RXD Lo ITRENn D,

HSTy = HSTiniriar (12)
ForMax; = HST;_, + HinMax—Hout; — Loss(13)
= HST;_, + HinMin—Hout; — Loss(14)
G=1...T7)
Z 2T, HST;: RfiljO&#&E, ForMax; : 413
7™ B R 6D T2 BN Tt KAE % o 1 7 g D IR ]
DEFE, ForMin; : FIHfE ) 55RO 72BN T B
IIMIE % f5E U T2 R OISR O E VR, HinMax : 4
AJEKAE, HinMin : BAA ) f/ME,  Hout; -
e OB T (VA T, Loss : B OF e X,
T : 1 HORERH (=24)
o, FREMOMGIEEZBE LT, 24 Rz 4H1HE
ERICES D, Zhud, BIREICH LT, ToREs 24
RO ARICICT 2] &V oSt EZBMLZ
Ll bh, TNEFAL, 24 KD IR O W)
(12)-(14)x & Rk D+ 2 J7 % FJH L TBackMax;,
BackMin; % R % (Fig.4.0— 5 84#), LA EO#iPH &
ETRMEAEZRE S D &, ARFEA O FIT AT REfHEIT
UTDXIICRETE D,
TMax; = Min{ForMaxj, BackMax]-, HSTMax}(lS)
TMin; = Max{ForMin;, BackMin;, HSTMin}(16)
Z I T, TMax; : WfHlj OB RE RME, TMin, :
IRF[#]j O & B fe/IME,  BackMax; @ 24 753K
D 72 N 7B e KAE © By o g ] j D & Bi,
BackMin; :24 5> 53K 8D 72 A il fse/ IME O g D

ForM inj
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Fig. 4: A feasible region considering only facil-
ity characteristics of a heat storage tank and the
proposed reduced search space.

FERj O F#E, HSTMax :
HSTMin : WS T IRE
—RRANTIE, FEGRE O BALRER Y 72 v O A 2L
B K & R NMES L O E FIRE (Figd. 0
HSTMax, HSTMin, HSTdMax) O#iA%4EEERD
FATRIREREIR & 9208, BRIEEFETS T T, Mkt

N OB R 2 ZE LT, Figd SRR OREICIRSRE
WAHT 2 Z &N TE D, EEGRE O ZRAR BEIEH R
X, PEE¥E - EE - FEET VTR EIND,

& PV L IR,

53 GMBSO [2& 3 SC 2&BE{E7ILTYXL

—ARELENT 0 IR R ER A AR T S
TARAF—a R L, FEEJAM, CO P EE
EIE L, BEEO HIBBE A H T 5. A
ERHZ B2 5, T T (% B
BAEIZAHINT 5.
JTABY 7 43 BT L72FbG & 4.1
ECHLZBSOD 7 FAX ) 77 =Y
ALRAWTEEEZSEL, 772X X —
EERETD.
B 42 Bl Lz MBSO O FEHi
A ERACTHEREART 5. F/, &IF
(9) &7 91, 4.3 f#ilaR L7z GBSO OEIE
K10 A& AT 2B ET .
IR O EARO BRPEIEZ GRS 5. AN
IR 2B 2 D, T LT ¢l % B R BEEE
AT %, 8 CE RSB o #E 4k & BEFE
KA L, B RIBIEE A BT & A &
T5.
/o> BB % & 2 BEAF OE{(gbest) &
ST L 7B R D B BBSEE A bl L, gbest &
/NS BERBIEE 2 & D EA % gbest & L
BHT. abest bRARICHEHTT 5.
SAGRIE AN BTG E U T e RSB R
L7z b, Step.8 ~. % 9 Tl 41U, Step. 3 ~.

Step.1
Step.2

Step.3

Step.4

Step.5

Step.6

Step.7
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AR AT AR & B ROBIRUE & H 7.
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Step.8
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51 YIalb—vavgh
I A AEE L, Mkl i%\ 78T, Fé% 15, %ﬁ”%:
50, ZERE : 45000, bAGE 1, FUKE 1, $kiE
L7229, DEEPSO, BSO, MBSO, GBSO, &Uﬁ /£
TH HGMBSOZ W FEA I LTz, &FIEONR
FA—H ERT
* DEEPSO'9/XT X — &
7:0.2, 7:0.02, FIHHOBEALREAIHIE: 0.5, R: 1.
BSO, MBSO , GBSO #: #& /X 7 %2 — ¥
pclustering: 0.5, pgeneration: 0-5' Ponecluster: 0.2,
Prwoctuster: 0.2, K:5,¢:0.5.
* MBSO/RT A —#
Cr:0.2,F:0.5.
+ GBSO/YT A —%
Cpin: 0.1, Cppin:0.9.
fEAREE 80, FAATIIEKIT 50 [M1& L7z, B RkBE K
%, A FIEMCRMEEE A F— &+ 572D, BSO,
MBSO, GBSO &#£%79 %5 GMBSO # W\ e Fikid
2000 [] & L7z. DEEPSO =AW= iE, /7 n—r%1
OfERRL, ZHHEHIT 2729, HAYBEEOFHmEEL
ZRI—ET 5728, F0 1000 A E Lz, Lo
A—HE, FRITIal— g TRVREER L
EEBHEELTND.
F7o, LTFOX9IE, SCORBMDORIS 37— A%
MELEYI2lb—yarZ2EHLT-.
Case 1: wy:l, wy:0, wy: 0 (Z=R/LF—= 2 MR
Case 2: wy: 0, wy:0, wy: 1 (COy BEH &I
Case 3: w;0.00001, w,:0.99998, ws:0.00001 (3 IH%[H]
FREIZEET D720, )
NPT BIZH W D E A Fw,: 100000000
VIial—var7ual T AL, Intel Xeon E5-2660
(2.20GHz)PC L@ C E7E(gee version 4.4.7) ZFHIH L
EEE LTz,

5.1

m

aER

ab—v

\’l

Table.1 i% DEEPSO, BSO, MBSO, GBSO, #£%&1%
GMBSO (2 X 2447 — 20 BIBIEEDOEE, &/
B, RNl EEREAELEEZ R L TWD. EITET
D /r— AT DEEPSO (2 L AR OVHMEE 100% & L
TEZXDEERL TS, #ERETH S GMBSO (2L
% HIWBEEAE O TEIIE, e/ ME, FORME, IR ZEN
BEHHHENTWAD Z L AHERTE T,

Table.2 X, DEEPSO, BSO, MBSO, GBSO, ##Z%
% GMBSO (24 % Casel (=¥ —=a X hMy/Mb)
@H%EO)WEEH%@&F%/?L“@\Z) & LTHEEET L

BFATAEZ—C U ENENEEEANE &2 RT.

’@%TM BT, 8BS 2O A X —E T

LEIHIIEIRZ L, Eﬁ)\ﬂ%ﬂz):m <o TW5.
IZ\/W%»—:lX r e FF57-0121%, 8 Wi s 22 oD



HAZ—E N K DEHIHIIEPE X, AT IEN
{52%)“%“(2%6 vIal—v3 /@F% FERIEIC
L0, SHIMND 2MOHAZ —E N L AEIHS

BER O L, Eﬁlﬁﬁii)’ﬂi%ﬂﬂzofb\é &M
8T & 7=(Table2 ® Sum 17).

Table.3 |, DEEPSO, BSO, MBSO, GBSO, &%
% GMBSO |2 & % Case2 (CO:fEH & Wmm>®ﬁww
BERMEZRL TS, flE LTEETTVIZBITS

Table 1: Comparison of average, the minimum, the maxi-
mum, and standard deviation rates of Case 1, 2, and 3
among DEEPSO, BSO, GBSO, MBSO, and the proposed

GMBSO.
Case Ave. Min. Max. Std.
DEEPSO | 100 98.75 |101.63 | 0.57
BSO 97.13 | 96.46 | 97.96 0.30
1 MBSO 97.2 96.75 | 97.66 0.20
GBSO 9594 | 9555 | 97.03 0.26
GMBSO | 95.06 94.9 95.29 0.09
DEEPSO | 100 99.53 1100.58 | 0.20
BSO 99.28 | 98.98 99.6 0.14
2 MBSO | 99.38 | 99.15 99.5 0.06
GBSO 9829 | 98.22 | 98.42 0.04
GMBSO | 9826 | 98.17 | 98.36 0.04
DEEPSO | 100 99.44 1100.88 | 0.32
BSO 99.64 | 99.38 | 99.87 0.09
3 MBSO | 98.37 98.3 98.46 0.04
GBSO 99.36 | 99.12 | 99.53 0.10
GMBSO | 98.1 98.05 | 98.16 0.03

*) All of values are rates when the average of the objective function
value of the conventional DEEPSO based method is set to 100 %.

HAHF—E L F ﬁﬂjﬁgkﬂﬁlﬁﬁgé’ﬂ‘f ZDOFE
T AW, COﬁjFHj;-%%Tj'ét Zix. 1 HITE
WCHAH—E T ﬁﬁﬁﬁimix,ﬁﬂﬁﬁ
BRWOLRETHS. yxlv%ya/®%% S
HBIZEY, TAZ =N L DE N NEN R B Z,
[ NEES ﬁib*ﬂi%{)ﬂzo“ﬂ\é ENfERCTE
(Table3 @ Sum 1T).

6 FE&H

AFMILTIL, Global-best Modified Brain Storm Optimi-
zation (LA, GMBSO)IZ X 5 SCe i b 424 L7-.
MBSO & GBSO % #i & L72GMBSO% #i7-1ZHeZ L

NZESCaREmEbIcEA LR E, WEkiED
DEEPSO, BSO, MBSO, GBSOZ% i ffl L7=#% 5% & b
L, #EECEY a2 Fofk/Mb, COHEHED R/
b, FEHAFMOEY—7 27 FEFEBRLTEY, kb
R OEIR 2 EBLT 5 Z L PR T & 7.

SEOERE LTI, KREBEREIZ, &0 R

RRESRFEOBR L £4T > TH<

SE 30

) BEEEE  Av-b) Iy b Av-bailaz7yg,
http://www.meti.go.jp/policy/energy environment/smart c
ommunity/

2)  Xcel Energy, SMARTGRDCITY,

http://smartgridcity.xcelenergy.com/

Table 2: Comparison of the best facility operation for case 1 among DEEPSO, BSO, GBSO, MBSO, and the proposed
GMBSO in an industrial model.

DEEPSO BSO MBSO GBSO GMBSO
A B A B A B A B A B

1 0.00 821 | 0.00 7 0.00 7.59 0.00 7.00 0.00 7.25

2 0.00 5.13 | 0.00 7.07 0.00 522 0.00 7.07 0.00 7.16

3 0.00 8.08 | 0.00 7.22 0.00 8.03 0.00 7.22 0.00 7.15

4 0.00 8.08 | 0.00 717 0.00 8.22 0.00 7.17 0.00 7.00

5 0.00 829 | 0.00 9.17 0.00 9.23 0.00 9.17 0.00 9.17

6 0.00 8.90 | 0.00 8.9 0.00 8.91 0.00 8.90 0.00 9.25

7 0.00 9.03 | 0.00 9.24 0.00 9.18 0.00 9.24 0.00 9.12

8 6.00 1.09 | 7.46 1.84 6.71 0.30 7.46 1.84 8.98 0.12

9 1065 | 215 | 898 1.99 | 1236 | 0.55 8.98 1.99 10.74 | 022

10 | 1092 | 224 | 1385 | 095 | 11.63 1.37 13.85 | 0.95 14.71 0.33
11 | 14.06 | 3.81 | 1832 | 0.61 | 16.68 22 1832 | 0.61 18.80 0.17
12 | 1432 | 8.67 | 20.00 | 4.67 | 1845 | 491 20.00 | 4.67 19.72 4.98
13 | 1499 | 2.61 | 1548 | 231 | 1854 | 0.59 1548 | 231 17.06 0.88
14 | 13.02 | 9.20 19.4 2.78 | 18.81 3.49 19.40 | 2.78 | 20.00 2.00
15 | 13.86 | 932 | 20.00 | 3.08 | 19.05 | 4.14 20.00 | 3.08 | 20.00 3.07
16 | 18.84 | 6.07 | 16.14 | 496 | 18.55 | 4.55 16.14 | 496 | 20.00 1.10
17 | 10.88 | 13.03 | 1827 | 451 | 1848 | 4.43 18.27 | 451 20.00 2.79
18 | 18.16 | 3.84 | 20.00 | 1.97 | 18.55 3.44 20.00 1.97 | 20.00 1.99
19 | 20.00 | 3.11 | 20.00 | 3.04 | 1837 | 4.07 20.00 | 3.04 19.15 3.85
20 | 1944 | 196 | 1725 | 409 | 17.14 | 3.66 1725 | 409 | 20.00 1.23
21 | 1726 | 0.09 | 1633 | 093 | 16.79 | 0.87 1633 | 0.93 17.12 0.08
22 | 7.26 497 | 11.56 | 0.59 | 10.84 1.16 11.56 | 0.59 12.13 0.09
23 | 000 | 13.03 | 0.00 |13.05 | 0.00 12.97 0.00 13.05 0.00 12.92
24 | 000 | 1038 | 0.00 |10.45 | 0.00 10.45 0.00 10.45 0.00 10.20
209.65 | 72.15 |243.02 | 38.32 |240.97 | 39.72 | 243.02 | 38.32 | 25843 | 22.90

*) A: the amount of electric power output by GTG, B: the amount of purchased electric power, Sum: summation of each column A, and B at 8 to 22

hours.
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Table 3: Comparison of the best facility operation for case 2 among DEEPSO, BSO, GBSO, MBSO, and the proposed

GMBSO in an industrial model.

DEEPSO BSO MBSO GBSO GMBSO
A B A B A B A B A B
1 0.00 821 | 0.00 7 6.00 1.21 7.26 0.11 0.00 7.25
2 0.00 5.13 | 0.00 7.07 6.00 1.12 0.00 5.30 0.00 7.16
3 0.00 8.08 | 0.00 7.22 6.09 091 7.68 0.36 0.00 7.15
4 0.00 8.08 | 0.00 7.17 6.98 0.26 7.62 0.65 0.00 7.00
5 0.00 8.29 | 0.00 9.17 8.45 0.76 7.72 1.56 0.00 9.17
6 0.00 8.90 | 0.00 8.9 6.18 2.88 9.00 0.18 0.00 9.25
7 0.00 9.03 | 0.00 9.24 8.75 0.36 8.87 0.17 0.00 9.12
8 6.00 1.09 | 746 1.84 7.02 2.19 7.14 0.04 8.98 0.12
9 10.65 | 2.15 | 8.98 1.99 8.42 2.54 12.80 | 0.30 | 10.74 0.22
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Grasping Upper Part Body Motion of Car Driver from
Two Videos of Facial Frontal and Hands Behavior

A P —

Norikazu Tkoma (Nippon Institute of Technology)

Abstract— Grasping method of car driver’s upper body motion by state space modeling and state estimation
approach from two videos captured by facial frontal camera and hands behavior camera set above a seatbelt
roller has been proposed for potential use of advanced safety driving support related to human factor in
autonomous/manual driving. Head posture and hands motion in 3 dimensional space (i.e., not over image
plane but in real space) have been obtained by state estimation via particle filter with state space formulation
consisting of state vector with head posture and two palm/arm postures, smooth and consistent motion of
the head and the two palm/arm, and likelihood evaluation over the two image frames of facial frontal camera
and hand behavior camera, in addition with initial probability distribution of the state vector. Estimation
result over videos captured at a driving simulator facility equipped with the two cameras have been reported

as a first trial of the proposed method.

Key Words: Car driver, video image, human behavior
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Effects of House Interior and Music Listening on Sleep Quality and Workplace Productivity

* Keiichi Sato, Takahiro Asano and Yasue Mitsukura (Keio University)

Abstract—The purpose of this study is to quantitatively evaluate effects which house interior and music listen-
ing have on sleep quality and workplace productivity. Sleep deprivation reduces workplace productivity, so im-
provement of sleep quality is important. In this study, we focus on house interior and music listening, which are
used in previous studies as environmental factors considered to affect sleep quality. We measured using the
simple electroencephalogram (EEG) device and polysomnography (PSG). The result showed that music listen-
ing made subjects strained and wooden interior improved typing task speed through improving sleep quality.
From this result, we identified the appropriate conditions for sleep quality and workplace productivity.
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Table 2: Differences in sleep data between music listening and silence

REM | N3 N3/ Latency [min] WASO ﬁﬁgg;y
o] | % | REM | N | N2 | ne [%] %]
Wood -6.31 -2.79 5.53 -7.69 -3.86 -8.81 -0.310 1.24
Non-wood 2.71 -1.16 -0.233 8.67 2.22 7.61 0.901 -1.12
*p<0.05*:p<0.10
Table 3: Comparison of increase rates of task performance by order of music listening
REM N3 N3/ Latency [min] WASO eéﬂiﬂky
6] | % | REM [ N | N2 | ne [%] %]
Music -6.58* 10.1** 1.66 -12.3 -9.79 | -22.8* -341 453
Silence 244 11.7* 0.829** 4.08 -3.69 -6.41 -2.20 2.16

*p<0.05**:p<0.10
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Table 4: Correlation coefficients between the ratio of N3 and increase rates of tasks

ZEEHLMNI L.
4 BHYIC

ARFZETIE, EREOPNEEDE & IR T O 5 5E5 R
DHEROEIZ G %2 2286550 L CR H OMBEREMIC
b2 5B EFMT 52 L A2EME L. ZORBME
BITT D720, REERR Y 7T 7REEE 2 T
R EL, & AR CHEIR T 2 5HA L, A HEIRBPEOEIS
LOMERFEE 2B U7, B U7z MEIREE I L C
AL - WEOSRMBICH BEEREEITY, K540
(L DR A~D BB A REE L2, RIS, FR9AEREN %
T HH A ZER L, 2 AMORREOHNER AR
H U7, B U728k & RS & AR BERE % 5R
WD LT, BEMET TORER & A EEM DO BRE
MEEL7Z. 51, EREROFEZNZNOHRED
MR A 95 2 & T, M2 LSS5
WM RGE LT=, £, WMIEEHZ FhE L, K905
FH ORI T — 52 DR =2~ MLEFEH L. &JE
BRI TR U CHEBZEMREEITH 2 & T, At
TOMEOTALZRRFE LT, EROFE, STRIERIC
O, MEROE~DOEEZHERTE ol BE
FEMFEDRER L 1T DFERTH -T2, £ 2 THAHE
T ORI IENT 21T o 7= & 2 A, FEAR 72 35 5B
WL DEBERIRAE L 72 72720 ThH D &\ 9 BN, &
BEHL & T A 7 U — 27 OMAE DRI L stiERicE
HFAHEBINESE70THD &V ) alfErEZ R L.
F77, WEDBEWIZHOWTIE, HEIROEZ M XT3
LI L o TR OB E A NS e A5 2 LA
MMz L7-.

AHFIETIE, 2 HEOFZERONEE I AN DF Y
PEUTLEATI &0, #BREEN TRV ES
ZHID T END, WRERE I S EMGEET 2 03
NhHDHEEZBND. £1-, MEFHFERIC K > THE
BRT A RN H D E W) Z ENS T,
EERORHEo T REEH T O TEh O UE & Vo 7 5Bk
FWA L OFEENVLETHD. £, EEONEK
BALMNHEIROEIZ -2 5B b2 LTHA B T
BAEHZDZEDMERTERDN, LVAENRX A
ThiHEEZOND~A Y R~y T ~DORBIIHR T
otz Ko T, MMAENEZIET D001
DHE A Z R+ 5 Z & THBAIE~D A2 314
DVENHDHEEZD. I BT, PEAREGDIERD
BOE AN U TR ORERENICE 2 5 B %
i L7228, 7R PEREEN DX D B E 52 %
MW TIIARAZE TIEBH 520 LTV R0, BEERF
ZRICBNT, WEREICE D ROEY - FD - &k
& o T ERI SRR A O A B OPIHZ H 55 &

88

N3
. Wood -0.318 !
Mind map Non-wood 0.425 I
Wood
. Correct Non-wood -0.310 !
Typing task Wood 0.0830
Wrong Non-wood 0.404 I .
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Effect on Humans of Indoor Environment using Electroencephalogram

*Kento Horita, Yasue Mitsukura (Keio University)

Naho Misumi, Sota Komae, Takuya Furuhashi (Mitsubishi Electric Corporation)

Abstract—

The aim is to clarify effect of indoor environment on humans using electroencephalogram (EEG)

in this paper. It is said that improvement of workspace was an issue to improve work efficiency, recently. Previous
research cannot assert that work efficiency is good in the long term because work efficiency reduction by mental
factors such as stress is not considered. In this paper, we clarified the relationship between work performance and
mental factors caused by indoor environment using prefrontal cortex EEG. In this experiment, we focused on the
thermal environment and EEG measurement, task and questionnaire survey were carried out under five conditions
with different room temperature and air flow. In the experiment, it was shown that work efficiency was related
to fluctuations in stress and concentration during work by air flow hitting the upper half of the body. These results
suggested that work performance was related to changes in mental factors during work caused by indoor envi-

ronment.
Key Words: Thermal environment, EEG
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Fig. 1: MindWave Mobile.
10-20 system.
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Table. 1: Experimental conditions

Condition | Temperature [°C] Air flow

A 28 None

B 28 Lower body 28°C

C 28 Upper body 28°C

D 25 None

E 28 Lower body 25°C
L4 Thermometer
O  Seat
O  Upward blower

(] Downward blower

mmmm  Windproof wall
[  Air conditioner

Fig. 3: Experimental image.
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Fig. 4: The procedure of the proposed method.
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Abstract—

As an essential step towards comprehensive understanding of human behavior in video, human

action detection aims to detect and recognize actions for each frame. However, it is more challenging than iso-
lated action recognition where the actions are pre-segmented by giving the starting and ending frames. This pa-
per proposes a novel method to jointly detect and recognize human actions in continuous videos. The proposed
method detects the starting point of an action according to the distribution of skeleton movement, and then a
snippet-based classifier is proposed to find the most likely action class continuously. Experimental results con-
firm that our method outperforms the state-of-the-art methods in terms of both detection accuracy and recogni-

tion precision.
Key Words:

1 INTRODUCTION

Human action recognition has received growing interest
due to its wide range of applications such as public surveil-
lance, elderly care and human-computer interaction. Early
proposed strategies mainly recognize human action from
2D sequences captured by RGB cameras[1]. However, the
sensitivity to illumination changes and subject texture vari-
ations often degrades the recognition accuracy. These prob-
lems can be solved by using depth information acquired by
depth sensors such as Microsoft Kinect and ASUS Xtion,
which have been promoting the research on human action
recognition. With the availability of 3D joint positions ex-
tracted by a real time skeleton tracking algorithm [2], a lot
of researchers use these joints to build action representa-
tions.

Although significant works have been made for isolated
action recognition [3][4], their performance in untrimmed
continuous videos remains unclear. Compared to isolated
videos where actions are pre-segmented according to the
action category and each video only contains one com-
pletely performed action, it is more challenging to identify
actions from untrimmed videos for two reasons: firstly, the
execution boundaries of various action categories are re-
quired to be detected accurately; secondly, due to the per-
formance of action detection algorithm, only partial actions
might be available for recognition.

In this paper, the boundary of actions is firstly detected
based on the distribution of skeleton movement. Once the
starting of an action is obtained, a snippet-based classifier
which considers an effective spatial-temporal feature as in-
put is designed to process immediately for action recogni-
tion. We use the sliding window after the action occurring
to improve the detect accuracy in a fragment level. Fig. 1
shows the basic idea of the proposed method for continuous
action recognition.

2 RELATED WORKS
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Fig. 1: The flowchart of the proposed method for action detec-
tion and recognition.

This section reviews two related works: human action
recognition and human action detection.

2.1 Human Action Recognition

The development of cost-effective RGB-D sensors encour-
ages a good deal of approaches based on 3D joint coordi-
nates proposed for human action recognition[5][6][7]. Xia
et al. [5] depicted key human postures using a histogram of
3D joint locations in a spherical coordinate, and the tem-
poral evolution was represented by using a Discrete Hidden
Markov Model. Vemulapalli et al. [6] made use of the rota-
tions and translations between body parts to model relative
3D geometry relation, with which human motion was en-
coded as curves in the Lie group. EigenJoints was proposed
in [7], where the difference of joints including posture, mo-
tion and offset information was combined and input into the
classifier for motion recognition. Qiao et al. [8] applied a
trajectorylet based on local feature representation to capture
ample static and dynamic information of actions. Further
examplar-SVM was then used to learn and select a dis-
criminative trajectorylet detector set. These methods have
achieved satisfactory recognition results on trimmed clips
which just contain one fully complete action category.
However, the performance of these method is unclear when
applied to realistic applications where action boundaries are
not known.

PG0006/18/0000-0093 © 2018 SICE



2.2 Human Action Detection

Compared to the action recognition in trimmed videos, ac-
tion detection is a more challenging and realistic problem
[9]. Most of the state-of-the-art methods handle the detec-
tion problem using heuristics based sliding window ap-
proaches. Shao et al. [10] used the local maxima/minima
value of varying motion gradients for action segmentation.
In [11], each video frame was assigned a label based on the
comparison between its representation and template repre-
sentations. More related to our skeleton based detection
model, Huang et al. [12] proposed to employ bag of words
for each different body joints and build a sequential
max-margin event detectors (SMMED) for early action de-
tection. Escalante further improved the early action detec-
tion performance by employing an easy naive Bayes based
method. However, the early action detection requires prede-
fined action start point label which limits its usage in prac-
tical applications. In contrast, our method is able to directly
detect and recognize the relative motion in a given video

sequence.

3 PROPOSED METHOD

3.1 Action Detection based on Skeleton Motion

With the availability of 3D joint coordinates extracted by
a real time tracking algorithm [2], we propose to describe
skeleton motion using the displacement offset of each joint.
Herein, skeleton displacement offset dis computed as fol-

lows:

I __ I i
Axt. =x; — X,
Ayp =Y — Vi
Nzp =z — 21,

Where ¥, ¥, 7 are coordinates of i-th joint.

Table 1: The procedure of representing human skeleton motion in low dimensional space
using LPP algorithm.
Input: human skeleton motion set D = d,dy,...,d; att =1,2,...,T.
Output: mapped representation on low dimension space p = W'd
Step 1: Constructing te adjacency graph.
Let G denote a graph with m nodes.
An edge is put between nodes i and j if data d; and d; are "close’.
LPP will choose the projections which can optimally preserve this
adjacency graph.
Step 2: Choosing the weights.
W is a symmetric matrix with weight value w;; = 1
if and only if nodes i and j are connected, otherwise w;; = 0.
Step 3: Computing Eigenmaps.
The objective function: min Y} ;|| pi — pl 128;
According to p=W74,

! i i(pi— pj)?S = ! ZZ/(WTd,- —-Ww'd;)?S
=WT'D(D-S)D"W =w'DLD"W
Compute the eigenvectors and eigenvalues for the generalized
eigenvector problem: DLDTW = AXCXTW
Step 4: Mapping data. p = W’d

We assume the skeleton motion feature lies on a low di-
mensional manifold embedded in the ambient space, locali-
ty preserving projection(LPP) [16] is consequently applied
to linearly transform the motion feature to a subspace. LPP

(D
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can optimally preserves the local neighborhood structure of
the data while mapping it to a lower dimensional space.
Following the procedure listed in Table. 1, the skeleton mo-
tion is represented in a subspace by a linear transformation
p=W1.

The density distribution of such skeleton motion tends to
vary from action to action, therefore, it is reasonable to de-
tect the occurrence of actions depending on the change of
skeleton motion’s distribution. We assume the skeleton dis-
placement offset p is the random variable in a feature space
from a distribution with an unknown density g(p), which
could be estimated using the following equation:

1 1 rdw(p; Pi)
ldV(P) o< — —.EXP(—i)
n I’iél%(lli) ( \% 27h - dm(pi))d'm 2(h ’ d,,,(p,'))z

@)

where dim is the dimensionality of data, and du(p;) denotes
the distance between point p; and its m-th nearest neighbor.
h- dw(py) is the bandwidth at point pi. This bandwidth is
adaptive by adding distance dn(p;). The improved band-
width enjoys small bandwidth in density regions and big
bandwidth in sparse regions, thus enables the density func-
tion robust to the change of data distribution. Km(p;) in-
cludes m neighbor points of point p. Compared to the holis-
tic comparison, the local measure depending on Km(p;)
yields more effective density estimation by reducing com-
putation cost from the whole data set to local neighbors.
rdm(p, pi) is the reachability distance.

Since the density distribution of data points from different
actions is distinctive, we denote the local density ratio in Eq.
3 which provides the density relationship for the action
boundary detection.

ldv(p;)
ZPiGKm(Pj)

ldr(p) dv(p;)

ldv(p) +c- Zp,EKm(p)
3)

Where /dr(p) denotes the ratio of average estimated density
of its neighbors to the density at p. ¢ is a scaling constant to
avoid infinity values of /dr caused by very small estimated
density at point p.

The local estimated density of targeted actions has apparent
difference compared to normal actions, and this value will
convert dramatically at its starting and ending time. This
sudden convert referred to as action boundaries in action
sequence can be regarded as a type of impulses. We detect
them via wavelet transform. Wavelet transform is a power-
ful technique for analyzing irregular data, owing to its great
capacity in providing the frequency and according time lo-



cation information of signals. This makes the wavelet
transform suitable for detecting impulses occurring at any
time. The sequence of density ratio /dr is simultaneously
decomposed using a low-pass and high-pass filter known as
a quadrature mirror filter, as shown in Fig. 2. Approxima-
tion and detail coefficients are outputs from the low-pass
and high-pass filter, respectively. The significant difference
of density distribution between the occurrence of the action
and its neighbors allows us to detect impulses during a time
series with a high accuracy. The bottom part in Fig. 3
demonstrates that the starting (red stars) and ending (red
circles) points can be accurately detected by the wavelet
transform.

down-sample

lové;{Z{I ss —> Approximation coefficients cA;
y[n]
higz[’/;]avv —@ — Detail coefficients cD,

down-sample

Fig. 2: One level Discrete Wavelet Transform
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Fig. 3: The local density ratio of a continuous video and
action starting/ending points detection through wavelet

3.2 Continuous Action Recognition

3.2.1 Action Representation

We utilized the 3DMTG feature descriptor which combines
the moving trend and geometry property of skeleton joints
[13] for action recognition. Fig. 4 shows the general
framework of the 3DMTG feature descriptor. The upper
part of Fig. 4 is the 3D moving trend feature where a histo-
gram of 26 bins corresponding to 3D moving directions is
adopted to store the moving trend of each joint through the
whole action video. The lower part of Fig. 4 is the geometry
property feature which is acquired from the N frames of the
action sequence. In the geometry property feature, the world
coordinate is firstly translated into the local coordinate sys-
tem with respect to the hip-center and then the relative dis-
placement of each joint is computed. To address unequal
length of geometry property feature caused by length of ac-
tion sequences, the relative displacement property of each
action instance is interpolated to the unified dimension, M
x20x3. Both 3D moving trend and geometry property fea-
tures are normalized.
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3.2.2 Snippet-based Classifier

Since action durations exhibit considerable variability due
to the performance of action detection algorithm, we ex-
plore features from snippets incorporating partial temporal
segment of actions in different performing stages. We ran-
domly generate snippets from untrimmed videos using a
sliding window strategy. The proposed snippet-based clas-
sifier makes essential use of local temporal information,
thus makes it robust to variations in execution time.

Table 2: Framework of Action detection.
Input: human skeleton motion set D =d,,d,,...,dy att = 1,2,...,T.
Snippet-based classifier C, window size length, stride step and threshold &.

Output: Start points StartP and end points EndP of actions, action class Label

Initialization: StartP =0, EndP =0.
whiler < T
- Map data d; to lower dimension space using LPP:
pi=W'd;
- Compute local density ratio ldr(p;);
- Detect StartP and EndP according to detail coefficients ¢D1 and & using dwt:
eD1[f] = L ¥2y[k]h[2r — k], where h is the high-pass filter;
if cD1(t) > 6
StartP =t;
Start snippet-based action recognition from time ¢ using sliding window;
Assign each snippet a specific class label label (i) by the classifier C.
util ¢D1(1) < &
EndP =t;

Select the final Label with highest probability to the detected sequence;
end
end

Smooth the labels of snippets from the detected sequence over time StartP to EndP;

3.2.3 Framework of Action Detection

Table. 2 lists the detailed procedure of action detection and
recognition. The action boundaries are detected using the
wavelet transform from local density ratio sequence. And
then the snippet-based classification is processed to classify
partial actions continuously. Our method achieves lower
computation cost compared to continuous recognition over
whole video, because the action recognition is processed
intermittently if and only if the occurrence of actions is de-
tected.

4 EXPERIMENT RESULTS

We evaluated the proposed method on the MAD database
[12], which is a RGBD database providing continuous vid-
eos. The database has 40 sequences of 35 activities (e.g.
running, crouching, jumping, throw, basketball dribble,
kicking). Activities in each sequence are performed contin-
uously with null class inserted between two activities. Three
modalities were recorded in this database: RGB video,
depth, and 3D coordinates of 20 human body joints. At test
time, local density ratio is computed using Eq. 3 and then



pass the local density ratio sequence through the wavelet
transform to detect action boundaries. For a fair comparison,
we performed five-fold-cross-validation as set in [12]. At
train time, we trained a snippet-based 36-class classifier,
where action snippets representing different action stage of
one class were picked up from videos.

Test Sequence: Subject 1, Sequence 1

GROUND.
TRUTH

soro_ [N AL UAE IR OINSNIINNRONNNENES DN NOER
v BINEE EM  WEE EE 100 BMEBEE H) HE ]
e [IEDEDRAN I RERENRRDDANANNININEIND HOEDR
Total Events=35; Precision=1;Recall=0.94
Test Sequence: Subject 1, Sequence 2
[TNNTNNETET]
e el
S T T
Lrrrnrnnnnl

Total Events=35; Precision=0.77;Recall=0.77

Fig. 5: The comparable results with SVM+DP[14],
SMMED]J12], and ENBJ[15] on two sequences in the MAD
database.

Fig. 5 shows another action detection performance of dif-
ferent methods. We reproduce the result of SVM+DP and
SMMED from [12] and the result of ENB from [15]. Preci-
sion and Recall indicate the percentage of the detected ac-
tions who has 0.5 overlap with the ground truth and the
percentage of correctly detected actions, respectively. It can
be seen from these color bars that the performance of our
method is the closest to the ground truth compared to other
listed methods. Although SVM+DP and SMMED could
detect almost all action occurrence, the accuracy of classi-
fication within a detected action is relatively low. In spite of
better performance in classification within detected actions
of ENB, its missing detection rate decreases. Our method is
able to detect actions correctly with lower missing detection
rate than ENB and performs higher classification accuracy
than all listed methods.

5 CONCLUSIONS

In this paper, a novel skeleton movement based method was
proposed to jointly detect and recognize human actions in
continuous videos. We took advantage of a skeleton based
adaptive density estimation for efficiently detecting action
boundaries. The recognition of detected actions is per-
formed sequentially using the proposed snippet-based clas-
sifier. A comparison with the state-of-the-art methods in
publicly available database shows that our method obtains
outstanding results including detection and classification
performance. In the future, we plan to extend the proposed
method to combine RGB and depth information to improve
the detection accuracy.
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Table 1: Parameters
meaning parameter value
geometry [—51,51] S1 = 1[m]
X [—SQ, SQ] SQ = 1[m]
number of robots Ny 4[]
radius robot: 4 0.05[m]
object: Rp 0. 25[m]
mass robot: m 0.3[kg]
object: M 37. 5[kg]
coefficient e 1[-]
of restitution
collision potential®) os 4[J]
o 4[J]
ns 12[—]
Ny 12[-]
wall reaction CR 4[J]
CpB 4[.]]
NeR 12[—]
NeB 12[—]
friction robot: 7 O[kg/s]
coefficients object: § O[kg/s]
quantum Hp 2[J - s]
fluctuation
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Construction of Underwater Simulated Charging System Incorporating
GPS Measurement and Control

*X.Li K.Lwin H.Xu D.Yamada Y.Toda T.Matsuno M.Minami (Okayama University)

Abstract— Today, many robots are being researched and developed for various underwater tasks such as seabed explo-
ration. Furthermore, research on autonomous underwater robot (AUV) is still in the developing stage and it can be said
that it will become very important in the future. Currently, our research group is working on development of an automatic
charging system based on visual servo technology for underwater robot which can perform various tasks such as automatic
management of marine ranch, sea bottom search. However the measure of sailing to the working area and returning to the
charging equipment have not been completed yet. In this paper, an automatic underwater simulation charging system for
realizing the automatic control of underwater robot will be proposed. The system is using GPS measurement and guid-
ance control method. And the usefulness of this automatic guidance system will be discussed by a repetition accuracy
experiment and a guidance control experiment using mobile robot. Finally, the result of the newest simulated charging

experiment in the actual sea of Okayama will be report.

Key Words: Underwater robot, GPS guidance, Automatic charging
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Estimation of Ground Reaction Force by Optimizing Biomechanical Load

Based on Kinematic Data during Human Gait

*Y. Hayashi, K. Hase and A. Kudo (Tokyo Metropolitan University)

Abstract—

In conventional direct measurement methods of body motion, optical motion capture system and

force plate have been used. However, conventional force plates require a large scale experimental facility and
these are very expensive. Therefore, the purpose of this study is to enable gait analysis with only kinematic da-
ta. It performs the estimation of ground reaction force using optimization of biomechanical load. As a result of
the optimization, ground reaction force could be estimated with some degree of accuracy and the effectiveness
of the proposed method was validated. On the other hand, its accuracy was not much affected by gait speed.
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Fig. 2 Estimated result of vertical ground reaction force
by v, only and measurement result.
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Fig. 3 Estimated result of vertical ground reaction

force by v, 0.05 and measurement result.
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Fig. 4 Estimated result of vertical ground reaction

force by Vv, 0.2 and measurement result.
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Fig. 5 Estimated result of vertical ground reaction force
by smoothing data and measurement result.
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Table 2 Average of absolute errors of heel contact time
and toe-off time.

Absolute error[s]| V;only  Vires0.05 Vinres0.2  Smoothing data
Heel contact time|  0.117 0.110 0.0540 0.0540
Toe-off time 0.0507 0.0500 0.0240 0.0240

Table 3 Value of the evaluation function of the ground
reaction force from the estimation method of

0.2 and smoothing data.

thres

Vthres 0.2 Smoothing data
Gait speed nw fw SW nw fw SW
RMSE[N/kg] 0.628 0.594 0.473 ] 0.615 0.565 0.451
Correlation coefficient [-]] 0.690 0.697 0.698 | 0.702 0.723 0.717

Table 4 Value of the evaluation function of the action
point position from the estimation method of

0.2 and smoothing data.

thres

V thres 0.2 Smoothing data
Gait speed nw fw SW nw fw SW
RMSE[m] 0.0553  0.0648 0.0550]0.0546 0.0641 0.0546

Correlation coefficient [-]] 0.141  0.252 0.175 | 0.164 0.244 0.186
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Fig. 6 Relationship between RMSE of v, only,
smoothing data and gait speed.
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Development of Dual-eyes Visual Servoing Control System for V-shaped Thruster Vehicle
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Nowadays, a variety of robots has been studied and developed for undersea exploration. It
is necessary for the robot to work long time in water in order to efficiently perform given tasks.
We proposed a system to make the robot able to come back power supply unit and automatically
charge battery under water. We confirmed ROV (Remotely Operated Vehicle) have conducted
docking that assumes charging battery under water by the system, having shown it effective. As
a next step, we tried docking that the system could apply for new ROV. Then, we constructed
a new control system using Jacobian that shows relationship voltage and velocity. After we
confirmed the system is effective, docking experiment in the sea have been conducted. In this
report, the structure and result of experiments are reported in detail.

Key Words: Dual-eyes, Remotely Operated Vehicle, Visual Servoing
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Fig.2 Block diagram for DELTA-150
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Table 1 Environment of experiment in day time and

night time
day | night
Turbidity[FTU] 1.92 2.2
Depth|m] 1.9 2.8
Tlumination(surface)[lx] | 25000 0
Iumination(in water)[lx] | 7300 0
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Fig.5 Appearance of docking experient in day time and night time
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