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Table 2.1 Specification of Elevator Simulator

Items Value
Number of Floors 16
Number of Elevators 6
Floor Distance [m] 4.5
Max. Velocity [m/s] 2.5
Max. Acceleration [m/s?] 0.7
Jerk [m/s?] 0.7
Cage Capacity [person)] 20
Time for Opening Door [s] 2.0
Time for Closing Door [s] 2.3
Time for Riding [s/person] 1.0
Passenger Density [person/h]

—Regular Timell Down-peak Time 2000

—Up-peak Time 1800

Table 2.2 Evolutional Conditions of GNP

[tems Value
Generation 500
Population Size 300
—Crossover 116
—Mutation 174
—Elite 10
Node Size 42+1Initial Node
—Processing Node 15
—Judgment Node 27 (3/seed)
Time Delay
—Processing Node bt
—Judgment Node 2
—Branch 1
Time Delay Threshold 20
Crossover Probability P, 0.1
Mutation Probability P, 0.01
Evaluation Time [h] 2

Wy, Wy 0.007, 0.6
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Table 2.3 Performance of Comparison of Each Method in Test Simulations

Method AWT [s] ATT [s] MWT [s] LWP [%] VWT [s?]

“1%% "Ave. [S.D. | Ave. [ S.D. | Ave. [ S.D. | Ave. [ S.D. | Ave. | S.D.
Regular Time

GNP 25.64|0.291|70.98 |0.325|381.8 |53.22|11.40 | 0.296 | 813.7 ({29.14

AT 28.30 | 0.400 | 74.10 | 0.339 | 508.7 | 98.86 | 13.20 | 0.392 | 1023 | 58.77

EC 26.24 [ 0.309 | 72.05 | 0.349 | 459.7 | 88.42 | 11.73 | 0.291 | 887.8 | 44.96
Up-peak Time

GNP 21.05|0.789(86.55|0.317|194.2 |30.10|4.821 |0.746|400.2 | 31.64

AT 29.34 | 2.103 | 88.28 | 0.335 | 213.2 | 31.81 | 13.08 | 2.190 | 741.4 | 158.2

EC 33.18 | 2.307 | 88.12 | 0.329 | 218.0 | 30.67 | 17.02 | 2.349 | 894.5 | 172.9

Down-peak Time

GNP 31.81(0.309|58.410.214 | 355.5 |57.41 | 13.88 | 0.345 | 806.4 |29.69

AT 32.51 1 0.480 | 62.34 | 0.233 | 549.4 | 93.40 | 13.70 | 0.365 | 1260 | 103.5

EC 32.91 1 0.449 | 61.38 | 0.214 | 532.5 | 89.06 | 13.99 | 0.337 | 1194 | 93.89
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if call = CAGE  then SI(i) = | fpe — fnc |
else if call=HALL then SI(i) = |2fi— fpc — fnc |s (3.3)
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Table 3.1 Specification of Elevator Simulator

Items Value
Number of Floors 16
Number of Elevators 6
Floor Distance [m)] 4.5
Max. Velocity [m/s] 2.5
Max. Acceleration [m/s?] 0.7
Jerk [m/s% 0.7
Cage Capacity [person] 20
Time for Opening Door [s] 2.0
Time for Closing Door |[s] 2.3
Time for Riding [s/person] 1.0

Table 3.2 Evolutional Conditions of GNP

Items Value
Generation 400
Population Size 300
—Crossover (with Node Para. Cross.) 110 (100)
—DMutation (with Node Para. Mut.) 160 (150)
—Node Parameter Crossover, Mutation 10, 10
—Elite 10
Node Size 74+Initial Node
—A(X,) 15 (15/seed)
—S(X1), S(Xy) 30 (3/seed)
—JY(X,) 25 (5/seed)
—JEC, JFD 4 (2/seed)
Time Delay
—A(X,) 5
—S(Xy), S(Xy) 2
—JY(X,), JEC, JFD 1
—Branch 0
Time Delay Threshold 20
Crossover Probability P., P'? 0.1, 0.1
Mutation Probability P,,, P"? 0.01, 0.01
Evaluation Time [A] 3

Wy, Wy 0.007, 0.7
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Table 3.3 Simulation Cases

Case Traffic Flow Passenger Density [person/h] ‘ T [s]

1 Resular T 1500 15.0
2 cetiar 1ime 2400 25.0
3 e 1200 5.0
1 p-peak ime 2000 15.0
5 T 1200 10.0
6 owh-peak Lime 2000 20.0
4000
3500
3000 ‘
2500 .’:';5-;_5‘."’_.
N ks 4 RN P .-'e».wj- Case 2

Fitness

2000t

1500 [

1000,
efa= Casel
[+ Case5b

1+ Case3

0 50 100 150 200 250 300 350 400
Generation

Fig. 3.3 Fitness Curves in Each Case

Table 3.4 Comparisons of Fitness with Various Implementation of Node Parameter Op-

timization Algorithm

Fitness
Methods Average | Std. Dev.
NPOA_ i 4205 622.1
NPOAgiso.05 4171 626.8
NPOA01 4299 650.5
NPOA 4463 623.4
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Time O 0O 00O Lunch TimeO O 0O 00O Outgoing TimeO O 400000000
O0000OCasel ~Case 60 GNPOOTable 3.5 0 0000000000O00O0O00O00O0O
O00000O000OO00O0OTable3 50000000000 GNPOODOO Table 3.300
0000 Fig. 3400000000000DO0O0OO0D0O0OO0DDODO0OODDOODDbDOODDO
obodoboboobooboboooobobouobooGNPODODOOODODODOODOO
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gogbbobobobbbbbtodoudddooodoooooooo20000040a
OGNPOOOOOOOOOOOOOOOOOD3000ATODOECOOTHVO[1500
OO0bOO0bOOoboOobboGNPOOOOOODODODO6ODODODOODODODODOOODOD
O000 Table 3.5 00000000000 300000 ATODECOODO 20000
oboooTHvVOOOOooobooooooobooobuoob doobooo

OoTHVOOOOOOOOO FOOO0OOO0;.0000000000000000D00O 4,0
00000000000 dim00000000 dir, D0O0O0Eq. (3.6) 00000000
gobbodo

if dir; = dir. ~ then e(i) = F+1—d,

else if dir; # dir, then e(i) = F —d;,

else if Departure then e(i) = 1, (3.6)
else e(i) = F—dj,

d = arg max e(i)
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2000

1500

Up Traffic

1000

Passenger Density [ persons/h]

N \
0 8:00 R
906  10:00 11:00 #12:00 13:00 14:00 15:00 16:00 17:00 1800 1900
: : : : TimelA]
500 :
2
= 1000}
=
jo
=
o
2 1500
2000} ! Business Time Business Time
| Incoming Time Lunch Time Outgoing Time

Fig. 3.4 Traffic Data of Test Simulations

Table 3.5 Time Table and Applied GNPs in Test Simulations

Classified Time Time | Applied GNP
8:00~8:30 (Case 3)
8:30~9:15 (Case 4)
Business Time | 9:15~11:45 (Case 1)
11:45~12:00 Case 1
12:00~12:15 Case 6
Lunch Time | 12:15~12:45 (Case 2)
12:45~13:00 Case 4
13:00~13:15 Case 1
Business Time | 13: 15 ~ 17 : 45 Case 1
17:45 ~ 18 :30 (Case 6)
18:30 ~ 19: 00 (Case 5)

Incoming Time

Outgoing Time
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Table 3.6 Comparison of Performance among Proposed GNP and Other Methods

AWT [s] ATT [s] LWP [%]

Method Ave. | S.D. | Ave. | S.D. | Ave. | S.D.

Incoming Time (8:00 ~ 9:15)

Proposed GNP 19.86 | 2.898 | 77.16 1.567 6.438 | 2.964
Basic GNP 20.17 3.052 77.38 1.460 6.525 3.185
AT 21.96 3.427 78.13 1.479 8.475 3.736

EC 21.17 3.498 77.82 1.560 7.692 3.715

THV 20.39 3.158 77.44 1.532 7.360 3.262

Business Time (9:15 ~ 11:45, 13:15 ~ 17:45)

Proposed GNP 20.85 0.379 57.67 0.629 4.744 | 0.408
Basic GNP 21.02 0.373 58.45 0.624 6.175 0.412
AT 21.62 0.423 09.28 0.671 6.792 0.471

EC 21.12 0.383 08.26 0.644 6.159 0.430

THV 22.48 0.488 60.27 0.746 8.528 0.500

Lunch Time (11:45 ~ 13:15)

Proposed GNP 38.01 4.904 77.04 | 1.245 22.90 4.885
Basic GNP 37.72 4.783 77.75 1.394 21.92 4.736
AT 43.91 6.369 79.83 1.375 27.52 4.858

EC 40.92 5.822 79.17 1.366 24.74 4.785

THV 53.19 8.313 84.19 1.599 31.08 5.267

Outgoing Time (17:45 ~ 19:00)

Proposed GNP 27.39 | 1.109 26.22 1.237 | 8.530 1.529
Basic GNP 28.58 1.127 56.09 1.283 11.32 1.328
AT 28.59 1.179 27.86 1.430 11.79 1.330

EC 28.54 1.163 27.83 1.284 11.38 1.326

THV 36.39 2.701 66.18 1.730 18.05 2.096

Overall Time (8:00 ~ 19:00)

Proposed GNP 24.68 1.023 | 63.29 | 0.501 8.751 1.037

Basic GNP 24.89 1.031 63.89 0.510 9.734 1.031
AT 26.60 1.326 65.05 0.532 11.41 1.084
EC 25.66 1.198 64.28 0.524 10.39 1.023

THV 29.55 1.707 67.30 0.603 13.68 1.163
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JEC, J7: JFD

Fig. 3.5 Node Usage Frequency of Proposed GNP in Each Case
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Table 3.7 Obtained Node Transition Sequences of Proposed GNP in Each Case

‘ Case H

Obtained Node Transition Sequences

1

JEC[Away]—J F D[GHD]»S(MS;)—JCN (X,)[< 0.2 > A(X,)

JEC[Away|—J F D[GLD] =8 (MS3)—J5I(X,)[< 0.7]—JMS(X,)[< 0.45]
S JPN(X,)[< 0.55] > A(X,)

JEC|Close]—J F D|GLD]—S(ATy)—JPN(X,)[< 0.55]—=J51(X,,)[< 0.25]
—A(X,)

JEC|Close] +J FD[GLD]—8(AT,)—JON(X,)[< 0.75] = A(X,)

JEC[Away|—J F D[GLD] =8 (SI,)— JAT(X,)[< 0.55]— JPN (X, )[< 0.95]

n)[£ 0.4] 2 A(X,)
JEC[Away]—>JFD[B] S(AT,)—JCN(X,)[< 0.65] = J PN (X,)[< 0.95]
S JAT(X,)[< 0.4] 5 A(X,)

JEC[Away|»JFD[B|»S(ST,)— J51(X,)[> 0]—S8(MS))
— JMS(X,,)[< 0.75] = JON(X,)[< 0.45] = A(X,,

)
JEC[Close]»J FD[GLD]—8(M8,)— JAT (X, )[< 0.53]
)

JEC|[Close]|—J F D[GHU]—S(MS;)— JAT (X,)[< 0.75] > A(X,,)

n)

S(
—JMS(X,)[<0.75)=JCN(X,)[< 0.45]| = A(X,

(

(

JEC|[Close]—J F D[GLD]—S8(MS,)—JSI(X,)[< 0.95] > A(X,,)

J EC[Away|—J F D[GHD]—=S(ATy)— JAT(X,,)[< 0.45]— J5I(X,)[< 0.95]
—A(X,)

JEC|[Close]»JFD[B]—=S(CN;)—JAT(X,)[< 0.75] = JCN(X,,)[< 0.45]
—A(X,)

JEC[Away|—J F D|GLD]—S(S1;)—»JMS(X,)[< 0.65]—J51(X,)[< 0.3]
—A(X,)

JEC[Away|—J F D|GLU]—=S(MS,)—JCN(X,)[< 0.1]-»JgM5(X,)[< 1]
—A(X,)

JEC[Away|—J F D[GLD] = S8(ST;)— JMS(X,)[> 0.65] =S (MS,)
S IST(X,)[< 0.3] 5 A(X,)

JEC|Close] »J FD[GLD]—8(MS,)— JMS(X,,)[< 0.95] > A(X,)

JEC[Away|—J F D[GLD|—S(MS;)—J51(X,)[< 0.45]—JAT(X,,)[< 0.4]
— JPN(X,)[< 0.75) > A(X,)

JEC[Away]—+J F D[GHD]—S(MS;)—JPN(X,)[< 0.8] > A(X,)
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Table 4.1 Examples of Inappropriate Switching

Current Assigning GNP

Next Assigning GNP

Assigning GNP 1

Assigning GNP 2 or Assigning GNP 3
or Assigning GNP 4

Assigning GNP 2

Assigning GNP 1 or Assigning GNP 3
or Assigning GNP 5 or Assigning GNP 6

Assigning GNP 3

Assigning GNP 1 or Assigning GNP 2
or Assigning GNP 5 or Assigning GNP 6

Assigning GNP 4

Assigning GNP 2 or Assigning GNP 5
or Assigning GNP 6

Assigning GNP 5

Assigning GNP 1 or Assigning GNP 2
or Assigning GNP 3 or Assigning GNP 4

Assigning GNP 6

Assigning GNP 1 or Assigning GNP 3
or Assigning GNP 4
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Table 4.2 Evolutional Conditions of Switching GNP

Items

Value

Generation
Population Size

300
300

Crossover 120
Mutation 170
Elite Preservation 10
Node Size 25 (5/seed)+Initial Node
Crossover Probability P. 0.1
Mutation Probability P, 0.01
Evaluation Time [A] 6 (1 [h] x 6 Traffic Data)
Wy, Wis 0.007, 60
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Fig. 4.3 Traffic Data for Evolving Switching GNP
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Table 4.3 Comparison of Performance among Proposed Method and Other Methods

AWT [s] ATT [s] LWP [%]

Method I e T SD. | Ave. | S.D. | Ave. | S.D.

Incoming Time (8:00 ~ 9:15)

GN Pyg 19.93 2.919 77.30 1.529 6.298 2.975
GN Ppss 19.86 2.898 77.16 1.567 6.438 2.964
GN Pns 19.93 2.800 77.14 1.504 6.433 2.850

Business Time (9:15 ~ 11:45, 13:15 ~ 17:45)

GN Pys 20.71 0.351 58.48 0.625 4.649 | 0.386
GN Pys 20.85 0.379 27.67 0.629 4.744 0.408
GN Py s 23.63 0.345 27.16 0.611 8.148 0.426

Lunch Time (11:45 ~ 13:15)

GN Pyg 37.86 | 4.437 76.69 1.338 22.74 4.453
GN Ppss 38.01 4.904 77.04 1.245 22.90 4.885
GN Py s 40.60 4.441 75.45 1.307 24.85 4.373

Outgoing Time (17:45 ~ 19:00)

GN Pys 26.94 | 1.045 56.44 1.175 7.924 | 1.429
GN Pys 27.39 1.109 26.22 1.237 8.530 1.529
GN Pns 30.75 1.162 54.61 1.156 12.85 1.513

Overall Time (8:00 ~ 19:00)

GN Pys 24.54 | 0.935 63.71 0.500 | 8.579 0.972
GN Ppss 24.68 1.023 63.29 0.501 8.751 1.037
GN Py s 27.19 0.941 62.51 0.501 11.61 0.951
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Table 5.1 Specification of Double-deck Elevator Simulator

Items Value
Number of Floors 16
Number of Shafts (Cages) 6 (12)
Floor Distance [m] 4.5
Max. Velocity [m/s] 2.5
Max. Acceleration [m/s?] 0.7
Jerk [m/s?] 0.7
Cage Capacity [person] 20
Time for Opening Door |s] 2.0
Time for Closing Door [s] 2.3
Time for Riding [s/person] 1.0
Passenger Density [person/h]

—Regular Time 2700

—Up-peak Time 2400

—Down-peak Time 3000

Table 5.2 Evolutional Conditions of GNP

Items Value
Generation 300
Population Size 300
—Crossover (with Node Para. Cross.) 110 (100)
—Mutation (with Node Para. Mut.) 160 (150)
—Node Parameter Crossover, Mutation 10, 10
—Elite 10
Node Size 91+Initial Node
—A(d) 10 (10/seed)
—S(X) 60 (5/seed)
—JY(d), JZ(d) 12 (1/seed)
—ESD, HCF, DCF 9 (3/seed)
Time Delay
—A(d) 5
—S(X) 2
—JY(d), J4(d), ESD, HCF, DCF 1
—Branch 0
Time Delay Threshold 30
Crossover Probability P,, P! 0.1, 0.1
Mutation Probability P,,, PP 0.01, 0.01
Evaluation Time [A] 2

Wiy Wocs, Wi 0.007, 0.001, 0.6
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Table 5.3 Weighting Parameter Setting of Conventional Methods

Method WAIWT WM ST WPN WeN WRR WyeoN WoiwT WosT Wpp Wep WssNWocD

A 1 0 0 0 0 0 0 0 0 0 0 0
AO 1 0 0 0 0 0 1 0 0 0 0 0
AOM 1 1 0 0 0 0 1 0 0 0 0 0
AOMC 1 1 0 0 0 0 1 0 0 1 0 0
AOMCS 1 1 0 0 0 0 1 0 0 1 1 0
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Fig. B.1 Outline of EGSCS

Table B.1 Ratio of Passengers of Each Traffic Flow

Regular Up-peak Down-peak
Base | Gen. | Base | Gen.| Base | Gen.
Base Floor 5) 19 2
General Floor 5 1 1 2 19 1
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Table B.2 Available Parameters for Setting Specification of Elevator Simulator

Building Parameters ‘ Elevator Parameters ‘ Passenger Parameters
Number of Floors Max. Velocity Passenger Density
Number of Elevators (Shafts) Max. Acceleration Traffic Flow (O/D Table)
Floor Distance Jerk (Acceleration Rate)

Cage Capacity
Time for Opening Door
Time for Closing Door

Time for Riding




113

0 0cC

D00 GADODODDOo0ooooooood

OOobOoooGNpOODOOOOOOOOODOOOODUOODODOODOODOD
000000000 GAO Real-coded Genetic Algorithm (57000000000

gbbbuoooobbboodobobbbooon

/DDDDDDDD N

(1)000000200000000000

(2)000 P»O00000000000O0O0O0000O0r,»0000000

(3) 000000000000 e[0,1)00000000000000000¢,740
0 Eq (C.1) 0000000

{r’lz(l—a)-r1+a-r2 (1)

rh = a-ri+(l—a) ry

N J
/DDDDDDDDDD ~N

(1) 000000 100000000000
(2) 00000 PPO0000000000000 000000
(3)r0[0,1]00000000000000

y

gogbobobobobboboooooobobbbboobouoooooobbobooagd

god






115

O OD

Jo0oooooGeGNPOOOOOO

OO00000D0 30 Table3.56000000000000O0GNPOOODOODODODO
UbOdbO0OTable350 000000000 0O0O0DO0O0O0OOOO0OOLOOO0ODOODO
OO000000 Table3.30 Case 1 ~Case 60 GNPOOODOODOODOOOOOOOO
OO00000b0b0O0Fig DA0OO0OOOODOODOOO0ODOOOOOO Case GNP
O00O0OOEq. (33)000000000000000000O000O000O0D0O0O0 Table
ghsubbbougouobobouodoobobuoooobbboocobbbbboogn
Fig. D100O0O0OODOOO Cased GNPUOODOODOOODOOODOTable3.500000
0000000000000 0000000000OO00O0ooooooooo (oo
00000 Cese0 0000000000000 (a)0O000Case4d(b)00O00Case 10
(d)0DO000Case50Case 600 0000000000000 O0OOOOOOOOO GNP
0000000000000 0000000000 Case30Casedd (000000
ggboboboobbouoooobbbbbbodooooooboobboboooooon

OoooooboboboGeGNPOODOODOODOOOO



116 OO0D [0OO0O0OboooaGeNpPOOOOOO

Fitness Fitness Fitness
0 1500 4500
4000 h
1000 | 1 1000 1 3500} 1
3000
NN MY w | o NN W © NN M| | | @
QIO IO QO 0 QIO IO Q0|0 QIO IO Q] Q|0
500 500 2500
(a) Incoming Time (b) Business Time (c) Lunch Time
Fitness Fitness
0 0
1500 1 2000 ]
NN M w | | NN w || o
QIO OO O CQ QI Q| Q| Q| O 0
1000 1500
(d) Outgoing Time (e) Overall Time

Fig. D.1 Comparisons of Fitness when using One GNP Optimized for a Special Traffic
Flow



117

O OE

JooooooGeGNPOOOOOOOO

0000000000000 GNPR)ODOO0O0OO0OOOOOOOOOOOOO0OOOO

Eal 0OO0O0OO

0000000000000 000000oooooooOo (73, 740000000
gogbobobbobbbbbddooooooooobbbobobboodoooooonon
ggbobbbbbouoooooobbbbbbuooodobbbbbbuoooooan
ggbobobobbouooooobbobbboooooobbobbbbuodgoooon
0000000000000 0000000oooooooooooog (7o

gboboobbooobbooboooboobbooNNsgbboooboooboo
0000000 (76,7700 0000000000000 O00O0DOOOODOOOOOOO
OOoobOooooboob0obobooob GNPOOODODOODOODOODOOO
gogbobobobbouooooobbobbioodooooooboobooooooon
OoboooboooboooobooGNPOODOOODOODOOODOODOODOOD
O000000000000000000OFig. E1O0QOOOOOOOOOO |M|O M:
Sub-GNPOOO mOO0OOme MODOO Sub-GNPOOODOODOOODOO Switch-GNP
O0bo0oooobobobooboboooboboogdsub-GNPOODODOOOOOOOODO
O0bo0oooob0oobooobooognSwitch-GNPOODOOO Sub-GNPOODOOO

gboboboogobboboooobobboodgn



118 OO0OE [OO0O0OO0OO0OO0OOGNPOOOOOOOD

E2 0O0OO0O0OOOOOOOOOOOOO0O

Switch-GNP OO UOOOOOODOODOOOOODO GNPOOODOOOODOODOOODO
O0D0O0DOO00oO0OoGNPOODOOODODOODOOOJOle LODOOOPRP,One NOOO
ooooIMX(J,P,)0000000000000O0O0OOO0OOOOODOOODODODO

000000000000 P,000S8(P,)0Eq (E1)00000000

S(P,) = Y IMX(J,P,) (B.1)

leLl!
ggd

I’ . J00D0000O00Ooo0oUooooooogoooo
L : OJoboboboboboboobod
N . ODOO0bOOobobobod

00000000000 Eq. (E2)0D0000 SP,)000000D00 P, 000000

P, = arg max S(P,) (E.2)

nenN

O0000000000000000 Switch-GNPOOOOOOO Sub-GNPO |M|O0O
000 |N|OOODDOO0OO0O0O0OO0O0O0 Switch-GNPOOOOOOOODODOOOOOOOOO
OOobOoOoboOoobooobooobo0obbobooooD0ooooooOoOonoO Ssub-GNPODO

goboboooobon



E.2. DO000OO00ooOOooOoOO0obOoOO0obOn 119

PROBLEM

*

------------------
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