- 1 ELEVATOR GROUP SUPERVI SORY CONTROL SYSTEM BACKGROUND OF THE | NVENTI ON
invention relates to an el evator group supervisory control
systemand in particular to control of elevator assignnment to generated

5 An el evator group supervisory control system treats multiple
el evator cages as one group to provide nore efficient transport service to
users. Specifically, four to eight el évator cages are -typically controlled
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contrcl of elevator assignment tc generated hall calls.

An elevator group supervisory control system

treats multiple elevator cages as one group to provide
more efficient transpert service to users.

Specifically, four to eight elevator cages are

typlically controlled as one group. If a hall call

occurs at a floor, the most appropriate one is selected

from this group and assigned to the hall call.

Assignment control based on an assignment

evaluation function of waiting time, which constitutes
the basic assignment contrel principle of existing

group supervisory control systems, was developed around

1980 when microcomputers were introduced. In this

method, yet-to-be served hall calls are kept under

management. If a new hall call occurs, the time for

which the new hall call would wait until served is

calculated for each cage according to the predicted

waiting time of each yet-to-be served hall call.

Consequently, the new hall call is assigned tc either a

cage that requires the shortest waiting time or a cage

that is not to serve a hall call which has long been

pendent.

This control principle, determining call



assignment according to an evaluation function of predicted waiting tine,
provi ded an epoch-nmaking control nethod in those days and has been
inherited to the present elevator nmakers for group supervisory 5 control.
However, this control has the followng two problens: 1) Optinum cage
assignnment is determ ned based only on the yet-to-be served hall calls.

I nfl uence on future assignnents is not taken into 10 consideration. 2)
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1) Optimum cage assignment is determined
based only on the yet-to-be served hall calls.
Infiuence on future assignments is not taken into

10 consideration,

2) Assignment is made to a cage which
minimize the evaluation function where no cage-tc-cage
spatial relation is considered. There is no concept of
cooperation among the cages.

15 To scolve these problems with the
aforementioned assignment method using an evaluation
function of predicted waiting time, a variety of
control methods have so far been proposed. To be

L brief, their basic policies are to contrcl the

20 respective cages so as to arrange them at temporally
equal intervals. If the respective cages are not
evenly distributed, that is, some is temporally distant
from another, a hall call occurring between them is
likely to wait long until served. If the respective

25 cages are arranged at temporally egqual intervals, it is
possible to prevent long waits. The conventional
control methods which are aimed at temporally equal

interval arrangement are listed below.



- 3 1) Equal interval-prioritized zone control (disclosed in
JP-A-1-226676) 2) Equal interval-prioritized zone/lnhibited zone control

(disclosed in JP-A-7-117941) 5 In each of these two methods,
consi sting of some served floors and an inhibited zone
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ngggsggggﬁg Ekysgﬁgnserved floors and an inhibited zone
of other served flocors are set to each car. If a new
hall call occurs in the priority zone of a cage, the
evaluation value is manipulated so as to raise the
probapbility of the hall call being assigned to the
cage. In the case of a new hall call in the inhibited
zone, the evaluation value is manipulated so as to
lower the probability of assignment. This intends to
make the respective cages closer to a temporally equal
interval state.

3) Temporally equal interval-considered
assignment-evaluated control (disclosed in JP-B-7-
72059}

The position of each cage at a future point
of time is predicted. Accordingly, cage-to-cage
temporal intervals at that time are predicted. The
assignment limiting evaluation value is calculated from
this predicted cage-to-cage intervals. This evaluation
value 1s used to contrel assignments to prevent many
cages from being assigned to specific floors. This
intends to consequently make the cage-to-cage intervals
more temporally even.
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floor is calculated as the service availability time.
Further, the service availability time distribution is
calculated. The hall call assignment evaluation values
are corrected so as to make the service availability
time distribution uniform. This intends to
consequently make the service availability time
constant not depending on the floor.

5) Position evaluation value-~used assignment
method (JP-A-2000-118830)

In this method, a position evaluation value
to prevent cages from clustering is calculated for each
cage. Assignment to a hall call is determined using a
position evaluation-included assignment evaluation
value. The position evaluation value cof a cage is
calculated based on the relation between its absolute
position and the average absolute position of the other
cages when the hall call is generated. This method
also intends to evenly arrange the respective cages.

However, the above-listed prior art
techniques do not substantially sclve the problem of
arranging the cages evenly to attain equal interval

condition. Since cage-to-cage intervals/positioning



arranging the cages evenly to attain equal interval condition. Since
cage-to-cage intervals/positioning 5 are evaluated only at one point of
time, the aforementioned prior art techniques are difficult to stably keep
the respective elevator cage in tenporally equal interval state over a |ong
period of time. 5 SUMMARY OF THE | NVENTI ON Accordingly, it is an object of
the present invention to allow cages to settle in tenporally equal
interval state over a long period of ti'meé by solving 10 the problens of the
prior art control ues attain theﬁ%p v.e- me tloned obj ect, the

g

present invefitfo VS?S@Fﬁgsoglgyé eﬁP§o§€ﬁQ5 V%ﬁeréhce route generating

means whi ch ach % r referenc ich the 15
el evat or shouﬁarFongﬁpﬁfﬁ %rggge%? “faﬁ%f axis po§¥?%on axi s; and

- assignnent ”E%”Blp’gk%h S‘Eb%‘:&%s %%t?'v%"%tl%rvaft%r %Saeda r}?'ﬁer&ﬁo&ﬁf”erat ed

hall call so e ac uaI trajéctory h el ev of oser to

the reference oyt eaoL the eheya at,., 20 An.el gatl 1014 QIOUR Super vi sory
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Acceordingly, it is an object of the present
invention to allow cages to settle in temporally equal
interval state over a long period of time by solving

10 the problems of the prior art control techniques.

To attain the above-mentioned object, the
present invention provides a system comprising:
reference route generating means which, for each
elevator, generates a reference route which the

15 elevator should follow with respect to the time axis
and position axis; and assignment means which selects
an elevator for assignment to a generated hall call so
as to make the actual trajectory of each elevator
closer to the reference route of the elevator.

20 An elevator group supervisory control system
according to the present invention allows cages to
settle in temporally equal interval condition over a
long period of time since reference routes which guides
the cages into temporally equal interval condition are

25 generated and car assignment is executed so as to make

the respective cages follow their reference routes.

BRIEF DESCRIPTION OF THE DRAWINGS



the respective cages follow their reference routes. BRI EF DESCRI PTI ON OF
THE DRAWNGS - 6 O her objects and advantages of the invention wll becone
apparent fromthe follow ng description of enbodinents with reference to

t he acconpanying drawings in which: 5 Fig. 1 shows the general control
configuration of an el evator group supervisory control systemaccording to
an enbodi nent of the present invention; Fig. 2 shows the control
configuration of the 10 target route greparation section in the first

embodi ment of the presgpf | .”}SB%E‘BEE ahh9aa%a309 nét e %%@ngﬁﬂve y 'fc%rﬁurati on

of a target route preparation-section in a Sec enbodi e

present § nveptt ONhelTul opd, SHOWE Lhe LAl 48t LouLe Spechligatd o setting

section 102; e control configuratio predi cted route

preparation j Lp.ap; [ 1 e8f ot pr. (Wa)V: ion..: ig. 6
shows the co%ﬁ?%?gﬁghgfgg%gg?ggkgﬁetﬁg t8r2@?eﬁ§§§$%ﬁ¥ﬁMg££6§$§Fi Efsection
in an enbodiggn%hgéh:the present invention; Fig. 7 shows the control

n of t

configuratio e route evaluation function calculating section in an 25
enbodi meng of the preseqt i AVEALL,ANthe general control

configuration of an elevator group supervisory control
system according to an embodiment of the present
invention;

Fig. 2 shows the control configuration of the

10 target route preparation section in the first
embodiment of the present invention;

Fig. 3 shows the control configuration of a
target route preparation section in a second embodiment
of the present invention;

15 Fig. 4 shows the target route specification
setting section 102;

Fig. 5 shows the contrcl configuration of the
predicted route preparation secticn in an embodiment of
the present invention;

20 Fig. 6 shows the control configuration of the
predicted route preparation section in an embodiment of
the present invention:

Fig. 7 shows the control configuration of the
route evaluation function calculating section in an

25 embodiment of the present invention;

Fig. 8 is a first diagram illustrating the
control concept of an elevator group supervisory

control system according to the present invention;



Fig. 8is afirst diagramillustrating the control concept of an el evator
group supervisory control systemaccording to the present invention; - 7
Fig. 9 is a second diagramillustrating the control concept of an el evator
group supervisory control systemaccording to the present invention; Figs.
10CA and 10B show the difference between 5 control according to the present

i nvention and conventional control; Figs. 11A and 11B show an exanpl e of
target routes prepared in the first "enfbadi ment of the present invention;

10 Fig. 12 is a first di,agram.i|llustrati the target route preparation
concept of the first ghﬁgd%néﬁtaOFQﬁQQ %E%%ﬁﬁaWrﬁégﬂ?Qﬁﬁt¥§ % s a
second diagran1illﬁstratin% t taﬁgs} rout e preparation concept of the
first 15 enb&aimént SPTERE pP séft GrorPt %ﬁfua9ﬁY%ﬁ&Fﬁ4B show t he

process of repari.ng target routes int first enbodinent. of the present
i nvention; Fi ? gli %yagte afES émgo%@egt%eofpﬁ%seemzolvaeerr%ojr%rf’ phase val ue;

g S nao? STVl SISO TonPLe SR Ep (e
exanpl e O% control according to the present invention and
conventional control;

Figs. 11A and 11B show an example of target
routes prepared in the first embodiment of the present
invention;

10 Fig. 12 is a first diagram illustrating the
target route preparation concept of the first
empodiment of the present invention;

Fig. 13 is a second diagram illustrating the
target route preparation concept of the first

15 embodiment of the present invention;

Figs. 14A and 14B show the process of
preparing target routes in the first embodiment of the
present invention;

Fig. 15 illustrates the concept of the

20 temporal phase value;

Figs. 16A and 16B show a first example of
target routes prepared in the second embodiment of the
present invention;

Figs. 17A and 17B show a second example of

25 target routes prepared in the second embodiment of the
present invention;

Figs. 18A and 18B illustrate how the inter-

route distance between a target route and predicted



25 target routes prepared in the second enbodi ment of the present

invention; Figs. 18A and 18B illustrate how the inter- route distance
between a target route and predicted - 8 - route is calculated; Fig. 19 is a
fl omchart showi ng the general control processing flows of an el evator group
supervi sory control system according to an enbodiment 5 of the present
invention; Fig. 20 shows the flows of processing to prepare target routes;
Fig. 21 shows the flows of the predicted route preparation process A, 10
Fig. 22 Sh0W§ the flogglgalgpgdpredicted route preparation process B; Fig.

23 shows the ?$%ﬁﬁl%f proécessing to calculate the route evaluation

bocens™ ot CES oekch P E g A sl Lo
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Figs. 1, 2, 4 and rou each concern 0 the first

enbodi ment . FLLSELyso EONLERL biragss Lor hachplengote SANLhYIhleran el evator

group supervisory cont syste the present invention is described

based on 5 ,f the present invention;
Fig. 20 shows the flows of processing to
prepare target routes;
Fig. 21 shows the flows of the predicted
route preparation process A;
b 10 Fig. 22 shows the flows of the predicted

route preparation process B;

Fig. 23 shows the flows of processing to
calculate the route evaluation function; and

Fig. 24 is a flowchart of the target route

15 update judgment process.

DETAILED DESCRIPTION OF THE EMBODIMENTS
A first embodiment of the present invention
N will be described below with reference to the drawings.
Figs. 1, 2, 4 through 9 and 11 through 15 each concern
20 the first embodiment.

Firstly, control images (principles of
contrel) of an elevator grcup supervisory control
system of the present invention is described based on
Figs. 8 and 9. Fig. 8 is an example of a control image

25 concerning the elevator group supervisory control
system in accordance with the present invention. Left

in Fig. 8, a lecngitudinal (vertical) section of shafts



Figs. 8 and 9. Fig. 8 is an exanple of a control image 25 concerning the

el evator group supervisory control systemin accordance wth the present
invention. Left in Fig. 8 a longitudinal (vertical) section of shafts - 9
within a building is conceptually shown with el evator cars noving therein.
Shown right in Fig. 8 is a diagram (generally called an operation di agram
which depicts the trajectory of each Ievator car wwth the 5 horizontal
axis (A01) representing the tinme and tHe wvertical axis (AOZ) representing

the vertical, pogiLl on,of caygl vsncfomggatugthes%wnqu:h dhe gxanpl e of

Fig. 8 the e evat or group ervisory contr system COﬂ WO cars.

Left in Fig. B the.thisty {69510 (%mgﬂ LgLRLeNte duTeral; +4),15 going up

af ter changi ng |on at t irst oor while the second car

(given ref er&E rQH”‘?géh gélhgxgghl%dd%“ oL, rclﬁgl agram fep Thi's

situation can anlnlng the operatio own right in

ng 8 15T ﬁ?steethe%{%\ggceek e@%%ﬁe@&e%%é;tr&eggﬁe@hte al ong the

time axis, I rst car e secon wer e cendlng

towar d th§ 'ﬁB?kESﬁtQ‘i tRes fhbss Ehg%s%'ﬁ%% end fdiqQr, afl'[c?Z tively. That

is, the actual trajectory of each c I's sho to the | of the
present timeyLp:thgiopgratianodi %QP@@‘S@E‘:J&}% 8e vERL S, JNE @dpal

trajectory of the first car is a rajectory AO31 while the actual

trajectory ofrtheqis8a0RUCERN ihStRet bl Y AGhlthe example of
Fig. 8, the elevator group supervisory control system
controls twe cars. Left in Fig. 8, the first car

10 (given reference numeral 1) is going up after changing
its direction at the first floor while the second car
(given reference numeral 2) is going down from the
second floor. This situation can be grasped by
examining the operation diagram shown right in Fig. 8.

15 To the left of the point representing the present time
along the time axis, the first car (A03) and the second
car (AC4) were descending toward the landings of the
first floor and second floor, respectively. That is,
the actual trajectory of each car is shown to the left

20 of the present time in the operation diagram of Fig. 8.
That is, the actual trajectory of the first car is a
trajectory A031 while the actual trajectory of the
second car is a trajectory A041.

The present invention concerns the future

25 trajectory of each car to the right of the present time

along the time axis in the operation diagram. This

represents a "target trajectory” which the car should

follow after the present time. Hereinafter, this



The present invention concerns the future 25 trajectory of each car to the
right of the present tine along the tine axis in the operation diagram
This represents a "target trajectory” which the car should follow after
the present time. Hereinafter, this - 10 target trajectory is denoted as a
"target route”. An elevator group supervisory control systemaccording to
the present invention is characteri;pq%in_that the operation (to be

preci se, assignment) of each car is 5 controlled so as to follow the target

route. Specké%@é‘la' ¥r?§\t8§§o'ﬁs:§ t0e  Lapgel Laute "%fart&%etoiﬂc{uﬁée'car ahi I e A042

is the targe ute o cond car. I ntroductl ese target routes

or target (op, orelerence)! Lapesloces hiahil he diespentiumaar 8.0 should

be controlle w af on axis, mnakKes the present” i nvention

different fromtheescanvenLLARA ngﬁgggh%'f%%rt‘éiﬁ%re)ﬁ GoNteale ﬁ%% ems. Fig. 9

depicts how an efevator car 1s deci to be assigned to a | cal

accor ding  0opbeat a6RCY rolBer AYLE: sBaSkeallhnl RNt ialedan Fig: & the | eft

side provides a vertical sectional viewo afts show ng the situation

of the el gvatgrs-¥hibg theaki 9Bt £o3186 RHQVILIGS AN LOREfALI on di agram
Firstly, assune that a new hall call demandi ng upward transportati on 20 has

occurred at thectibied1il00RoGseest Reel ehi-gdiradiAfe Qff R MrstThegroup
supervi sory control assigns an appropriate car, the first car (B03) or the
second car while A042 is the target route of the second car.
Intrecduction of these target routes or target (or
reference) trajectories, which the respective cars
10 should be controlled to follow along the time axis,
makes the present invention different from the
conventional group supervisory control systems.
Fig. 9 depicts how an elevator car is decided
to be assigned to a hall call according to the target
15 route. Basically identical to Fig. 8, the left side
provides a vertical sectional view of the shafts
showing the situation of the elevators while the right
side provides an operation diagram. Firstly, assume
that a new hall call demanding upward transportation
20 has occurred at the third floor (see the left diagram
of Fig. 92). The group supervisory control assigns an
appropriate car, the first car (B03) or the second car
(B04). Here, give attention to the movement of the
first car (B23). The target route of the first car is
25 trajectory B032. The predicted route (a trajectory
predicted to be followed after the present time) of the

first car is route BO33 (predicted route 1) 1f the new

hall call is not assigned or route B034 (predicted



(BO4). Here, give attention to the novenent of the first car (B93). The
target route of the first car is 25 trajectory B032. The predicted route (a
trajectory predicted to be followed after the present tinme) of the first
car is route B0O33 (predicted route 1) if the new hall call is not assigned
or route B0O34 (predicted - 11 route 2) if the new hall call is assigned.
Group supervisory control according tf the present invention tries to nove
each car so that its target route is  tolTowed. Accordi ngly, since predicted
route 1, that 5,is ute d| ted .t.o .he taken t hall call is not
assi gned is ESEFSrZBOlthE a §£t?1 %tcalgh§ﬁnﬁﬁSlQ%ﬁ4 ht531?1(%)pra55|gned to
the first car, Ce:%r\}se%uentcl ’trotlh%c ct 25}/ % t{]e f‘}r s gar

appr oxi mat es 6% t'ne Fgrge Fout 19 Amﬁhough SRR ot ? | cont rol

w | Separak% %sb%o ﬁ%%r'%%%h (NG el &6l %ts’¥”¥qéﬂ'ébu96r*39d by draw ng

t he target réutes s6 that the respectlve el'evat or tars run 4 tenmporal ly

equal intery gliPwAﬁ a hesul s of Y gyﬁdgi fééﬂé%%é”féﬁ% f1 Jf%ﬁ{ﬁe | ong run

respective cars owi hg the't fout es, possi bl € in

to stablyscontr Olthtehﬁ'ourt%n%%r%a 1‘éece%13rt% R ac%kt Ek‘?é hde dLA ectories of

t he respectlve cars at te 'y equal |nter or exanple, 1n the case

of Fig. 9, F%t %Qs%%h%@|1%f%é%aéﬂxxi@@%ﬂké%@éé“%&dﬁé“ G {H08) Is close

to the actual trajectory (B041) of the second car
call is ncot assigned to the first car. Consequently,

the actual trajectory of the first car approximates to
the target route.

- 10 Although the effect of this control will
separately be described, the effect is essentially
derived by drawing the target routes so that the
respective elevator cars run at temporally equal
intervals. As a result of the actual trajectories of

15 the respective cars following the target routes, it is
possible in the long run to stably control the
respective cars so as to maintain the trajectories of
the respective cars at temporally egual intervals.

For example, in the case of Fig. 9, the

20 actual trajectory (B031) of the first car (B03) is
close to the actual trajectory (B041l) cof the second car
(BO4), that is, they are run in a string-cf-cars
condition until the present time. At this time, if a
new hall call demanding upward transportation,

25 generated at the third fleocor, is assigned to the second
car, the first car (B03) and the second car (B04) will

centinue te be close to each other in a string-of-cars

condition. However, if the first car is controlled so



(BO4), that is, they are run in a string-of-cars condition until the
present tine. At this time, if a new hall call demandi ng upward
transportation, 25 generated at the third floor, is assigned to the second
car, the first car (B03) and the second car (B04) will continue to be close
to each other in a string-of-cars condition. However, if the first car is
controlled so - 12 as to distance itself fromthe second car by foll ow ng
its target route designed to | ocate t respective cars at tenporally equal
intervals, that g nat assig a:Igtthe first car

he r [
(B03), the f??s?o glég?£ﬁ§|E%%%E?O&FoﬁgkbsrSgFOPgufé l%ﬂﬁ?%emporally

equal interva d|t sed _on g n t he foII wi_n sumari zes
what characte# Fﬂe conPE% 88?% EFSIEQ g ad ge tpgvaesp g%&ﬁb §hperV|sory

cont rol syst§€1£em§8rgf rdgnge Whib Lheopr enopt sinvention. oL, A shown in

Fig. 8, target rou respec Pyecars should ong the
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cars follow therr arget rou a ha I's assi g to a car which

woul d cong ¢ Q§O?119 EB?lo&aE EttEQEEE kBuEQeaEﬁEds%%V%% the hall call based

on the result conparing the tar routes wth the predlcted routes. 20
3) Consequentlyno£8¢hyCaLuLYNSNERrag1t 0ohhLOWn .

Based on Figs. 8 and 9, the following
summarizes what characterize the control principles of
an elevator group supervisory control system in

10 accordance with the present invention.
1) As shown in Fig. 8, target routes which the
respective cars should follow along the time axis are
set.
2) As shown in Fig. 9, in order that the

15 respective cars follow their target routes, a hall call
is assigned to a car which would come closer to its
target route if the car serves the hall call based on
the result of comparing the target routes with the
predicted routes.

20 3) Consequently, each car runs so as to follow
its target route.
4) Since the target routes are set so0 as to
locate the trajectories of the respective cars at
temporally equal intervals, the respective cars are

25 stably controlled in the long run to keep them in the
temporally equal interval condition.

By using Fig. 1, the following describes how

an elevator group supervisory control system in



its target route. 4) Since the target routes are set so as to |ocate the
trajectories of the respective cars at tenporally equal intervals, the
respective cars are 25 stably controlled in the long run to keep themin the
tenmporal |y equal interval condition. By using Fig. 1, the follow ng

descri bes how an el evator group supervisory control systemin - 13

accordance with the present inventiqpétf configured. Wile Fig. 1 depicts
the control system configuration of el evat or group supervisory contro
systemin accordﬁgce w th, t i nventian, this cqptrolc§ systemis

: CQFE h h%epre%%ntt Anventdo t's ohfigur
i mpl enent ed 8nC3EHFEFGcEmut &7 BSBSED girtal " sighal® Protessor);  system LSI,
conput er (peggonal ;6o uh%FiC%%gtéSﬁ% BQ?oﬁ!giﬂéﬁ%g%Hﬁgﬁﬁéégﬁéh 1, the

. Q .
foll owi ng four conporénts are ke onent’s: preparation

section 103, ,a gﬁegﬁgbggaEngSuﬁosQFSB@H%B&&”c%%%&%%”gﬁ%ﬁFa fpute

eval uation function- "use ute evaluation function c i'ng section 105,

and an assi 99BEALICheUALOL S BHECKLRIMA! o3 Hcillil) 2y LATGRL, AUl e contro

unit 101. Basica arget rou ased control ds descr wth Figs. 8

and 9 is 5 E?EEB&egsb%Pbﬁ%E%nEQHro OEPQHEQ%%oﬁEH%éf”'d§@’¥bﬂqiﬁgﬁes a

detail ed description f'he control configuration of Fig. 1.  Firstly, Fig.

Lone ot S0 PEBESREC SR R VTR 228 RtALRRS (ol a0 420)
computer, etc.) or the like. Referring to Fig. 1, the
following four components are key components: a target
route preparation section 103, a predicted route

10 preparation section 104, a route evaluation function-
used route evaluation function calculating section 105,
and an assignment elevator selecting unit 2 within a
target route control unit 101. Basically, target
route-based control as described with Figs. 8 and 9 is

15 executed by these four components.

The following provides a detailed description
of the control configuration of Fig. 1. Firstly, Fig.
1 is largely composed of: a plurality of elevators
(423, 42B and 42C):; controllers (41A, 41B and 41C)

20 which respectively control these individual elevators
(the first through Nth elevators); and a group
supervisory contrecl system 1 which collectively
controls these elevators as one group. The controllers
(417, 41B and 41C) associated respectively with the

25 individual elevators or the first through Nth elevators
control the positions and velocities of their elevators

based on the hall calls assigned to elevators and the

car call information derived from the hall calls.



20 whi ch respectively control these individual elevators (the first through
Nt h el evators); and a group supervisory control system 1 which collectively
controls these elevators as one group. The controllers (41A, 41B and 410
associ ated respectively with the 25 individual elevators or the first
through Nth el evators control the positions and velocities of their

el evators based on the hall calls ass'gned to elevators and the car cal
information derived fromthe hall caTlg. -~ 14 The function of the group

supervisory controller,.1 i;s _tQ.deterdm whi car _is.ihe nost appropriate
for a generated hall CEFF §§§§ lgﬁ'?ﬁgk%%hﬁ§éﬁhiéﬁ?%éﬁﬁﬁéﬁ%g each el evat or

(pos 1 on, maihogeS,dur Setion. altsad aesianed Bl £l e ved, o

call, hall g tinme, assign o the car.

Thi's functi OQE%§?§?§gEieb?grb%| Wil o cdef 3ld1 1d), hihg, J A get, rgit e control

unit 101, a rget roufe specification Setting section 102 sets

speci 1 cat! onahonatabactohayiandbased on fhitof NAITLIAN Tamgytraffic

data unit 7. IS W escritbed Tater in de

traj ectorizes q: ‘keep .t [ t: I t at : I equal 15
| 5 dl‘i:@éfu%ﬁ,loal%aggfi!%%_%l h%&h%‘i%%ﬁl, &éggmgg@ d¥r eq

intervals are set as these s ifications. e traffi ata unit 7 outputs

the latest iphonmapLen agoyt watig@&fgi G iWel, it d.he Y | gyl st 841 £al
i nformati on about elevator-used human traffic).
call to the car. This function is described below in
detail.
In the target route controcl unit 101, a

10 target route specification setting section 102 sets
specifications for target routes based on the
information from a traffic data unit 7. This will be
described later in detail. Basically, trajectories
that keep the respective elevators at tempcrally eqgual

15 intervals are set as these specifications. The traffic
data unit 7 outputs the latest information about
traffic within the building (statistical information
about elevator-used human traffic).

The target route preparation section 103

20 generates target routes (such as A032 and A042 in Fig.
8) for the respective elevator cars. As input data,
this target route preparation uses: hall call
information (information about hall calls assigned to
the respective cars) obtained from a hall call data

25 unit 8; car call information {(information about car
calls assigned to the respective cars) obtained from a

car call data unit 9; traffic information obtained from

the traffic data unit 7; average stop frequencies (for



The target route preparation section 103 20 generates target routes (such as
A032 and A042 in Fig. 8) for the respective elevator cars. As input data,

this target route preparation uses: hall call information (information
about hall calls assigned to the respective cars) obtained froma hall cal
data 25 unit 8; car call information (information about car calls assigned
to the respective cars) obtained from car call data unit 9; traffic

information obtained from the traffictata unit 7; average stop frequencies

(100 55 GoBRRL e SRR LIRSl 05000 S XMRLRd . A,

rom an average stop” frequency it 5;

stoppage ti @u%ﬁ%&r?g%éﬁg Eﬁc%esgéﬂfm' %bt%é._%re%ig%r% ORRAYE, Iy E’eﬂﬁoafftegp)

obtai ned from S page tine data'unit each el evator ¢

vel ocity a”dfPégﬁéraé eagfcgtcaﬁengai,-nfs%gg}ag%n tQffeaisned, fargan ¢4di vi dual

car specificatli ata uni avai | car count/nane information

(indicating bpuony.adauhl chopprseCanshe seonio) odins iy oupypt 10 that

time or int erio 5 i ne m an avail abl e” ‘car count/nane data unit

12; servige §l Qeespr{;@rg%ieoaatgi nhekMeti ea Abeul Whieh Jfd,00r - fany be served
at that time or inh that period) obtained froma service floor data unit

13; and predigigditpukgdi Bf:ﬁéﬂfﬁfsﬁeﬁi(fﬁhféit&%% I rloramdilg pRdiGlad route
preparation section 104. Note that since the average stop frequency and
stoppage tineroffagachdeleabor cdepepdsien chlte opuidz@nt iaf fiilg within
available car count/name information {(indicating how
many and which cars can be controlled as a group at

10 that time or in that period) obtained from an available
car count/name data unit 12; service floor information
{information about which floors can be served at that
time or in that period) obtained from a service floor
data unit 13; and predicted route information obtained

15 from the predicted route preparation section 104. Note
that since the average stop frequency and stoppage time
of each elevator depends on the current traffic within
the building (for example, the elevator is expected to
have longer stops at the beginning of office hours),

20 the average stop frequency data unit 5 and the stoppage
time data unit 6 are configured to receive traffic
information from the traffic data unit 7. By using
such detailed information about the traffic in the
building and the situation of the elevators, it is

25 possible to set more appropriate target routes. The
target route preparation method will be described later

in detail.

In the predicted route preparation section



the building (for exanple, the elevator is expected to have |onger stops at
t he begi nning of office hours), 20 the average stop frequency data unit 5
and the stoppage tinme data unit 6 are configured to receive traffic
information fromthe traffic data unit 7. By using such detailed
information about the traffic in the building and the situation of the

el evators, it is 25 possible to set nggf appropriate target routes. The
target route preparation nmethod wll descri bed Iater in detail. In the

di ct ed d t d
PL? Lgcﬁ C;?féfpr%§$§ %érouﬁsg%l?%6§3? égpre f%té roﬁiguze?ngi)prgﬁg;z

N FL9: o2 rerSREELLLC,BXRIPl eonoAspr sflchodas Loute 1, oA i A P ed ot o

trajectory t e car resent time. when tar get

routes are plepgred, the O5eg%gt sseaggas QLepaiakl on, Usesthe d ol | owi ng

i nput dat a: ron arne omthe data unit 8;

car call inf ﬁ@tb?” ot pi gsd?fggga&@geaaw;rggte'cta}wtwytt e 10,traffic

i nformation obtal ned romt ata un average stop requenci es

obt ai ned §r%%hfoﬂ8{:aﬂ?om AR pregusRcyidata ¥iik S t%l% time

|nfornat|on tarned fromthe stoppage tinme data unit 6; el evat or
car's specifiGatbons8f grophien, 095@'5?@dﬁ%@€61§th% ﬁ@@‘éﬂﬁ%ﬁoéﬁﬂ

specification dafa unit 117 availabl e car count/name’information

(indicating ho¥s the following input data: hall call information
obtained from the hall call data unit 8; car call
information cbtained from the car call data unit 9;

10 traffic information obtained from the traffic data unit
7; average stop frequencies obtained from the average
stop frequency data unit 5; stoppage time information
obtained from the stoppage time data unit 6; each
elevator car's specification information obtained from

15 the individual car specification data unit 11;
available car count/name information ({(indicating how
many and which cars can be run at that time or in that
period) obtained from the available car count/name data
unit 12; service floor information (informaticn about

20 which floors can be served at that time or in that
period) obtained from the service floor data unit 13;
and provisional assignment information from a
provisional assignment car setting unit. In this
control system, accurate prediction is one of the

25 important points. This can be realized by using
detailed information about the traffic in the building

and the condition of the elevators as mentioned above.

How to prepare predicted routes will be described later



many and which cars can be run at that tinme or in that period) obtained
fromthe avail abl e car count/nanme data wunit 12; service floor information
(information about 20 which floors can be served at that tinme or in that
period) obtained fromthe service floor data unit 13; and provisional
assignnent information froma provisional assignnment car setting unit. In
this control system accurate predigt% n is one of the 25 inportant points.
This can be realized by using detailed information about the traffic in the

bui | di ng angntgthQTQition of the elevators as nentioned above. How to

prepare predict routes will be described later - 17 - in detail. In the
route di stance i ndex-used u val; i fqnﬁ;'_ I i ng section
105, 'nearness’ betmezﬁ gkgaﬁggF%rgﬁggggﬁ% é'pré%ﬁg¥%%:$%£ e is 5 eval uated

for each car e%%ﬁag%kefﬂh%tt%geciaﬂ%ﬁ%%%%c gﬁ%ttieorff‘v glatd on, function. In

determ ni ng whi ar to assign to a ha use of thi's route

eval uation ' HURGLEANaTRKESE! BABST Bl Lo selact. an alpuatar car - whose

predi cted route to be n by the car if "10 assign to t hall call is

closer tositgyhangebd 8% 8achn chhergxamlef Harkhe thfidoUi& 4i stance
index is an index to quantify the nearness between the first car's target

route (BO32) rgndepkedhahedoho¥lactiBA33 an B3 rmikie 4 il &fAnes 1 ndex
and the route 15 evaluation function will be described |later in detail.

assign to a hall call, use of this route evaluation
function makes it possible to select an elevator car
whose predicted route to be taken by the car if

10 assigned to the hall call is closer to its target
route. In the example of Fig. 9, the route distance
index 1s an index to quantify the nearness between the
first car's target route (B032) and predicted route
{B033 or B034). The route distance index and the route

15 evaluation function will be described later in detail.

A waiting time evaluation value caiculating

unit 15 calculates an evaluation value for each car
based on the time for which a hall call is predicted to
wait 1f assigned to the car. For example, the

20 evaluaticon value for a car assigned provisionally to a
newly generated hall call may directly be the time for
which the hall call is predicted to wait. Likewise,
the largest of the times for which aill hall calls
already assigned to the car are respectively predicted

25 to walt may be set as the evaluation value for the car.

In a total evaluation value calculating unit

14, a waiting time evaluation value calculated by the

waiting time evaluvation value calculating unit 15 is



A waiting tinme evaluation value calculating unit 15 calcul ates an

eval uation value for each car based on the tine for which a hall call is
predicted to wait if assigned to the car. For exanple, the 20 eval uation
value for a car assigned provisionally to a newy generated hall call may
directly be the tine for which the hall call is predicted to wait.

Li kewise, the largest of the times fqr, which all hall calls already
assigned to the car are respectively gﬁedicted 25 to wait nay be set as the

eval uation value for the c be g én a total evaluati.on alu%.calcuhating uni t
T4, a vaiti M I GGt ToRT vaP U8 EAY EbI BYBATBY e & WAt Ch IS
| uat i I | cul.at i it.15.is.- 18 .weighted and added t t
eval uat i on {UHETTBI-SAI DG 081 COPET A BYPERE FOUPE dFEFanch Fndex- used route
| uat i f i.on, I i i t t ot al | uat i
Vel e Usi ngt Tore 68 B O SR T b e B Bae pedt Bo2ly demote the o
h I . : I g : . | ue. ahti
Factor and (otATo BV vac Tort Dot Tt MR O bt TB o P P e Ol 1o

gi ven by ¢ hepoL] oving ,8U8ALI0N - O LIE Ayt W) (OR L. x VE . (A

Where, k nmeans the car 1's the car. e weighting factor is varied
depending o .J?ﬁ] i LLi t 1 . EO l: when t he
bui l di ng i srb eseér%jgg (%@ﬁgﬁ%}a‘# \ %?ﬁ%ﬁg@é{“g %Vg;iﬁge “Val ue

value, weighting factor and total evaluation value, the
total evaluation value 9T(k) is given by the following

equation.

10 OT (k) = PW(k) + DOR(k) x WC ... (A)

Where, k means the car is the k-th car. The weighting
factor WC is varied depending on the traffic condition
at that time. For example, when the building is
deserted (midnight, early morning, etc.), the WC wvalue
15 1is made smaller since hall calls do not frequently
occur and it is therefore appropriate to give greater
importance to the waiting time evaluation value than to
the route evaluation value. On the other hand, when
the building is crowded, the WC value is made larger
20 since hall calls occur frequently and target route-
based control is effective. By using the total
evaluation value as given by equation (A}, it is
possible to change the relation of priority between
waiting time-based evaluation and target route-based
25 evaluation for assignment depending on the traffic

conditicn.



15 is nmade smaller since hall calls do not frequently occur and it is
therefore appropriate to give greater inportance to the waiting tine

eval uation value than to the route evaluation value. On the other hand,
when the building is cromded, the WC value is nade | arger 20 since hal
calls occur frequently and target route- based control is effective. By
using the total evaluation value as gjyen by equation (A), it is possible
to change the relation of priority betwéen waiting time-based eval uation

and target route-based _25 evaluation for, assi.gnrent_ d nding on the traffic
condition. - 19 BasedB%r?et%gmt %thaei éjvtaalluaet?aolﬁla\rg Ounes\?ﬁ(;%ﬁ%ul ated for the

1
respective cars hy e tatalevaluatian value qal qulati gg,pnit 14, the

. =1
assi gnnent evaftor ‘selecti ng uni eterm ne caf Ts to be 5

assigned to E'&Eﬂl%.lt'io%alda-luggg%‘i\%htlaa*{ﬁin??{fﬁtq ffh,o‘ctl?@cé‘s%fi%ﬁé;ﬁ?t of the

control configuration descri I's possl npl ement

the target ToyLe,pased aonkiioly NG R SEserdbsth Wi hefi oss foapd 0. To
te and 9 °f

be 10 accura igs. ocus on the operation of "target route

control ugit;1Q1.,and the eperahijonaf) the waiting tine evaluation value
calculating unit 15 1s omtted therein. The follow ng describes the general

15 processing flows of he @ 9¢le 'PERrDRRED OTUH component of

the control configuration described with Fig. 1, it is
possible to implement the target route-based control
principle described with Figs. 8 and 9. To be

10 accurate, Figs. 8 and 9 focus on the operation of
target route control unit 101 and the operation of the
waiting time evaluation value calculating unit 15 is
omitted therein.

The following describes the general

15 processing flows of the target route-based group
supervisory control with reference to the flowchart of
Fig. 19. Firstly, an input information update process
(ST101) updates input information and data as the
latest input information reguired for control. The

20 input information and data include: hall call
information (input from the hall call data unit 8 of
Fig. 1), car call information (input from the car call
data unit 9 of Fig. 1), car information {(input from the
car information data unit 10 of Fig. 1), traffic

25 information (input from the individual car's
specification data unit 11 of Fig. 1), traffic
information-dependent average stop frequencies (input

from the average stop frequency data unit 5 of Fig. 1},



supervisory control with reference to the flowhart of Fig. 19. Firstly, an
i nput information update process (ST101) updates input information and data
as the latest input information required for control. The 20 input
information and data include: hall call information (input fromthe hal

call data unit 8 of Fig. 1), car call information (input fromthe car cal
data unit 9 of Fig. 1), car infornaqj%ﬂ)(input fromthe car information
data unit 10 of Fig. 1), traffic 25 irformation (input fromthe individual

car's speC|{¥g§%58nlg§g§?g@5E lﬁFEEHFF %kag fﬂqa?%gﬁ(¥ 4 on- dependent

average stop Trequencies e ave St requency data unit 5

of Fig. 1), ﬁéag£5§PFBEOE?EE 8Qt%eggq@e%to%t%3%ag tlnes (input from

t he stoppage atau avai l'abl e “car dount/nanes (i nput

fromthe avaélféﬂgb?ér aEOHB%'E'?H?TnO% égphtt %%o&f 'ﬁ'eg algja)lla%ies Vi ced

floors 5 (input fromthe service uni t te that

al though Figeoldd: pRANENkERL! Ynk Bdigabes st at 1) alalndt @%&%\é@ fRrmti on s

entered at a tine by the Tnput in ornatl n update process, it is also

possi bl e sto enbee EPSm‘EBQVQBEbQEe'@léBEPQa%% NEG&SSar Yor Eq@%lg_exa”p'e
t he |nfornat|on I's entered in several places in the general Tlow of Fig

19. 1t is al§orposakk! glt:aougﬁt ehgSOM® 6bntR8 ikt MHQAR Al ddfe and
anot her at another time. Al So nofe that each elevator car's rated speed
and ot her spgeifigat hppvintigraehbhenofobtabACdred at a time by the
input information update process, it is also possible
to enter the information in steps as necessary. For
e 10 example, the information is entered in several places
in the general flow of Fig. 19. It is also possible to
enter some of the information at a time and another at
another time. Alsc note that each elevator car's rated
speed and other spécification information (obtained
15 from the individual car's specification data unit of
Fig. 1) is set as constants which are determined
depending on the building where the elevators are
installed. In the subsequent target route
specification setting process (ST102), a target route
20 specification is set through the operation of the
target route specification setting section 102 of Fig.
1. Basically, a temporally equal interval state is set
as this specification. 1In a target route preparation
process (ST103), target routes are prepared according
25 to the set target route specification through the
operation of the target route preparation section 103

of Fig. 1. In a predicted route preparation process A

(ST104), predicted routes are prepared through



15 fromthe individual car's specification data unit of Fig. 1) is set as
constants which are determ ned depending on the building where the

el evators are installed. In the subsequent target route specification
setting process (ST102), a target route 20 specification is set through the
operation of the target route specification setting section 102 of Fig. 1.
Basically, a tenporally equal interv_al2 tate is set as this specification.
In a target route preparation process fST103), target routes are prepared

according 25 E)Egrgtegoﬁet < %%%egre%tcet %%qbiufgfec%tgewah{o&g@é@@ Cl?per ation of

the target &°préparation section h'a predicted route

preparat | on %QCS%SE@ ($T104)erPr g cligd 1o gg’gr{eq{te p“fc?éaasrfﬂgh{ pugh - 21

operation of "the predi Pcéted route’ preparatlon ion " 104" 1. Then

if car aSS|g?PgB ﬁr8?§T§8th% delrvqke %f t(ﬁé4¥}:ﬁ§5¥¥ A newy

generated ha 5), a series car assi nt processes 5 shown

bel ow t he coggiﬁlqg?hogran hs%§1%ée%Ht%%r.gE% 4&%&&%” d bes the car

assi gnnent process re, provisi onal ass gnmant eac car to the

hall calk '%h%%ﬁcﬂéﬁgwb¥h%0%BnB 1QG 8% 1”%rdd&ﬂq£% é%%cdﬁé& loap is named a
“provisional car assignment [oop” 10 (ST106). In the provisional car

assi gnment | %@1o(«z§£§0@hsctrfi%e\éaﬁ:'h%b|c%rk%s\¥1'g<%ﬁléfﬁa ddesKeetdy car is

i ncrenented one by one from1 to N so that each eIevator car Is given the
provi sional gakeaspirgiBAbnal assignment of each car to the hall

call is executed by loop processing. In Fig. 19, this
loop is named a "provisional car assignment loop™
10 (ST106). 1In the provisional car assignment loop
(ST106), the variable ka which means the ka-th car is
incremented one by one from 1 to N sc that each
elevator car is given the provisional car assignment
processing in a loop form. The provisicnal assignment
15 setting unit 3 of Fig. 1 executes the provisiocnal
assignment process noted above., Within the loop, a
predicted route preparation process B (ST107) is
executed at first. This process prepares a predicted
route which the ka-th car would take if assigned to the
20 hall call {(whereas provisional assignment 1s not
considered in the predicted route preparation process A
(8T104)). This process is executed by the predicted
route preparation section 104 of Fig. 1 {(Information
about the provisionally assigned car is obtained from
25 the provisional assignment setting unit 3). Then, the
route evaluation function is calculated for the
provisionally assigned ka-th car (ka = 1 to N) by using

the prepared predicted route of the ka-th car (ST108).



processing in a loop form The provisional assignnent 15 setting unit 3 of
Fig. 1 executes the provisional assignnent process noted above. Wthin the
| oop, a predicted route preparation process B (ST107) is executed at
first. This process prepares a predicted route which the ka-th car would
take if assigned to the 20 hall call (whereas provisional assignnent is not
considered in the predicted route preparation process A (ST104)). This
process is executed by the predicted tout e preparation section 104 of Fig.

1 (Inf ti bout th i Si I 1y i d. i tai ned f 25 th
L nformati n shout, Lhe,pLovLsl oaly Sos el ot 3 omtal e rom 29 the
i | cul at f I_Si I i d ka-th ka = 1 t b
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cal cul aton LeccSYERURSICRY. AR LoWe Rualual Lop.nstl A pisessoute S

eval uation fuUNCtron cafculating section , a waiting tinme

eval uat i og VQLHEHEE:LS?:' %Hhéttﬁf@pyl&%ﬁ%%l%%&%%g_sﬁcec‘lio% ?glls"‘?ﬂofg')ﬂ%rt iyre of the

hall call™ for € provisiona assi gne car he " wai ting

{1 me eval uat k0gnvaLURsLRLLhe i 08T 1810y 8 labedied T e for

whi ch the hall cél S redicted to wal the ka-th car assi gned.

Li kewi se, thg,LanogsttAb bheqittes Wi hich idld dBldhe ha1l call

for the provisionally assigned ka-th car (ST 109). The
waiting time evaluation value for the ka-th car may

10 directly be the time for which the hall call is
predicted to wait for the ka-th car if assigned.
Likewise, the largest of the times for which all hall
calls already assigned to the ka-th car are
respectively predicted to wait may be set as the

15 evaluation value for the ka-th car. By weighted
summation of the route evaluation function value and
waiting time evaluation value calculated by the above-
mentioned processes, a total evaluation value is
calculated (ST110) as given by equation {(A). The

20 provisional car assignment loop processing menticned so
far is repeated until the loop is terminated (with Ka =
N) (ST1ll). Consequently, N total evaluation values
(N: the number of cars under group supervisory control)
are obtained as a result of provisionally and

25 sequentially assigning the hall call to the respective
cars by incrementing ka from 1 to N. 1In an assignment
elevator selecting process, the most appropriate car is

selected for assignment based on the N total evaluation



calls already assigned to the ka-th car are respectively predicted to wait
may be set as the 15 evaluation value for the ka-th car. By wei ghted
sumat i on of the route evaluation function value and waiting tine

eval uati on val ue cal cul ated by the above- nentioned processes, a total

eval uation value is calculated (ST110) as given by equation (A). The 20
provi si onal car assignnent | oop processing nentioned so far is repeated
until the loop is termnated (with Ka & N) (ST111). Consequently, N total

| uat i I N f d ' trol
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1. By followng_the. fl rt _aof Fig. 19 crihed so.far, it i.s. possible
to provisioﬁ%?l &N s%8§§§2?igpﬁysgggﬁaélﬁﬁgirgggéggﬁ3@%5§§S\ﬁﬁaﬁééxus to a

newly gengrabed ball sall: cval Hale, LhecneaLiess elunan the s cted

route and target route evaluatiorn functionm,

cal cul at es acpot gl gxal uablonokal uecf or ceach car by . adgl ng, Ardai ting

ti me-based in € nearness aluation value an act ual

assi gnment,  5g|,egt oENe L ADSL rABRr APLLALE 6351 BATRLY 418Gy, gi ven the best

calculates a total evaluation value for each car by
adding a waiting time-based index to the nearness

10 evaluation value and, for actual assignment, select the
most appropriate car, namely the car given the best
total evaluation value (lowest evaluation value) when
assigned provisionally.

The control system configuration of the

15 elevator group supervisory contreol system shown in Fig.
1 includes the target route control unit 101
comprising: 1) the target route preparation section
(103 of Fig. 1), 2) the predicted route preparation
section {104 of Fig. 1), 3) the route evaluaticn

20 function calculating section (105 of Fig. 1) and 4) the
target route specification setting section (102 of Fig.
1}. The following provides a detailed description of
how these components operate.

At first, with reference to Figs. 2 and 11

25 through 16, a detailed description is made of what is
done in the route preparation section, cne of the most
importance components in the present invention. Fig. 2

shows an example of the configuration of the target



total evaluation value (lowest evaluation value) when assigned
provisionally. The control system configuration of the 15 el evator group
supervisory control systemshown in Fig. 1 includes the target route
control unit 101 conprising: 1) the target route preparation section (103
of Fig. 1), 2) the predicted route preparation section (104 of Fig. 1), 3)
the route evaluation 20 function calch?tlng section (105 of Fig. 1) and 4)
the target route speC|f|cat|on setting section (102 of Fig. 1). The

foll ow ng pr S l ¢Lipti o of W t conponent s operate.
At first, 9 ?gf ﬁ%ggkégg'g%% Oglnd 1T Eél§hthfou 16, a detailed

descri pt | on bamgﬁrahwﬁabfl %hedea% iR tﬂa%trogheeﬁ%rleap@f | 056641 on, one

of the nobst 1 nportance conponents | the pres Invention. Fig. 2 shows

an exampl e of ! hgsganti gungbben of e Q'%toner% DUt 18RS at i on

section. In Fig nfiguration of the target route preparation

section is Lapgel % agﬁaoaﬁeg%nfcomo%@mqm@; $f Bid Argei) goute update
j udgnment bl ock (1OSR Fig. , 2) a 5 current tenporal phase val ue

cal cul ati pg Eh?%gnﬁlgéﬁF@EalFbﬁas%)Vaihea%él@ﬂﬂé lﬁﬁ:5¥ﬁc§ tedporef phase
val ue adjustnent anmount cal cul ating bl ock (103C of Fig. 2) and 4) an

adj usted routegpreparati an bhaekiqh@3Dcak ' Fit@mpdra lbHisd ivStue t he
fol | owi ng descrlbes t he
adjustment amount calculating block (103C of Fig. 2)
and 4) an adjusted route preparation block (103D of
Fig. 2).

10 At first, the following describes the
operations of the four components described above in
order to érovide a general control image. In the
target route update judgment block (103A of Fig. 2), it
is judged whether the current target route is to be

15 wupdated. If it is judged that the target route is to
be updated, the subsequent current temporal phase value
calculating block (103B of Fig. 2) evaluates the
temporal relation among the current predicted routes of
the respective elevator cars by calculating the

20 temporal phase value of each predicted route as an
index. Using the concept ¢f "phase”™ is reasonable if,
for example, three-phase alternating sinusoidal
waveforms are considered in electrical circuit theory.
The respective waveforms are evenly separated from each

25 other when the waveforms are separated from each other
by 2n/3(rad) in phase. That is, considering the route

of =2ach car as a waveform and using a "phase-like

index" for it makes 1t esasier to evaluate the route-to-



operations of the four conponents described above in order to provide a
general control inmage. In the target route update judgnent bl ock (103A of
Fig. 2), it is judged whether the current target route is to be 15 updated.
If it is judged that the target route is to be updated, the subsequent
current tenporal phase value calculating block (103B of Fig. 2) eval uates
the tenporal relation anong the current predicted routes of the respective
el evator cars by calculating the 20 Te%%d?al phase val ue of each predicted

route as an _index. Using.the concept of "phase" is reasonaple if, for
exanpl e, thrégpﬁﬁaéBtﬁFVg}ﬁapﬁn§%§iﬁiﬁﬂ%ﬁﬁlvﬁmﬁﬁﬁ%ﬂrmf&&%adﬂﬁ§?ﬂéred in

electrical circuit theqgry. The respectiye wavefor re evenly separated
from each ZSELbﬁﬁelm%ﬁéﬁ FHEI\?&PQPSIPHE%%“%&% eﬁaﬁqcf%eeat&f“%‘? by

2n/ 3(rad) in phase. That is, con%EQerin% the route , of each car as a
maveforn1and98§?ﬁgvﬁ UShHSEY) Re LhENBELE NSy 1NV STHIEY 135 &15i¥19%% eval uat e

th te-to: 2 te int I f 1. tiv, .. This "ph - lik
| ndex: - cor 1 cABBnBETPR AaPFEo: APIEE Hd t ERp RSt e Ve fused 1 n the

present I gvention o> a1 Lpder, cThe.teRargl ass vel ue il e, descr bed
ndi vi dual B2l ETRERBor Bl CBRabE Y BMe LERE et SR Ueal cul at {hg bl ock
(103Cin Figta%%uig%gggag?%ck (103B in Fig. 2), the individual
car's temporal phase value adjustment amount
calculating block (103C in Fig. 2) calculates
10 adjustment amounts to make the temporal phase values
distributed evenly. Based on the thus calculated
adjustment amounts, the adjusted route preparation
block (103D in Fig. 2} adjusts the temporal phase
values of the predicted routes of the respective cars.
15 The routes obtained as a result of this adjustment
become the target routes of the respective cars.

With reference to an operation image of Figs.
11A and 11B, the following describes the general
operation of the control configuration described above.

20 Figs. 11A and 11B illustrate an coperation image of the
target route preparation process executed by the target
route preparation section shown in Fig. 2. At first, a
description will be made of the control operation image
based on the above general description of the control

25 (Figs. 11A and 11B will be described later in further
detail.) The graph (target route profiles before

adjusted) cof Fig. 114 corresponds to the current

predicted routes of the respective cars based on which



10 adjustnent anounts to make the tenporal phase values distributed evenly.
Based on the thus cal cul ated adjustnent anobunts, the adjusted route
preparation block (103D in Fig. 2) adjusts the tenporal phase val ues of
the predicted routes of the respective cars. 15 The routes obtained as a
result of this adjustnment becone the target routes of the respective cars.
Wth reference to an operation inage of Figs. 11A and 11B, the foll ow ng
descri bes the general operation of T heb cont r ol configuration described
above. 20 Figs. 11A and 11B illustrate an operat,ion inmage of the target
route prepargPFSﬁth88§§§ é%@b&F@@Q5?QFﬂ§té%%ﬁﬁlb%QnH¥F rielfar af i on section
showmn in Fig, 2. At first, a description will be made of the control
operation inﬂﬁée'b§§§deﬁﬁVFWQra@&F@FbéMQ%ﬂv%ﬁ%ﬁ%iﬁﬁqQﬁP%ﬁs¥§ﬁ§%oh?roI 25
(Figs. 11A and 11B will be described later in further . detail.). The graph
(target Tout 8SPHBFFI 68 FEPSFE] 4dest 6y ot At iftA Hdhr caonisr To ¢ ho

out oo, are pPebaiEA L0l aseerrbogan LAY, 220 SERE Ao BVA Froup
The 111t cHPY( CRLOTE SEEGRItC SnTEORTOR dd i AL (N e &S now on
oo and 1 obPERCREBOP, 1RCknattive y oo rediidd oy (predi cted
trajectories) of ;10638417 GnET T 28X LR RIS edicted
trajectories) of these three cars beyond the present
time are respectively drawn by a scolid line (C011l} for
10 the first car, a chain 1ine (C021) for the second car
and a broken line (C031) for the third car. The
predicted route preparation method will be described as
part of the description of the predicted route
preparation section. As shown, since these
15 trajectories are close to each other, the cars are to
some extent in a string-of-cars condition. Referring
back to the control configuration of the target route
preparation section in Fig. 2, if it is judged by the
target route update judgment block (103A in Fig. 2} to
20 update the target routes, the current temporal phase
value calculating block (103B in Fig. 2) calculates the
temporal phase wvalues of the predicted routes (C011,
C021 and C031) of the respective cars by regarding
these routes as waveforms of a kind. These temporal
25 phase values are calculated at points where the
predicted routes of the respective cars intersect the

adjustment reference time axis (C040) in the graph of

Fig. 1iA. Then, based on these temporal phase values,



time are respectively drawn by a solid line (CO11) for 10 the first car, a
chain line (C021) for the second car and a broken line (C031) for the third
car. The predicted route preparation nmethod will be described as part of
the description of the predicted route preparation section. As shown, since
these 15 trajectories are close to each other, the cars are to sone extent
in a string-of-cars condition. F@ferrln back to the control configuration
of the target route prepar ation sech Tn Fig. 2, if it is judged by the

Loures, the ahsre fﬂ#&%ﬁfﬂt%'h Som hre eé%eft%i)lnvgeoﬁf%ec e 1 Ero D)
Sﬁbc&gﬁﬁasoﬁ RensoRaBetriDh s &% f?eéfgﬁfj?:%gl st T e eZs(v?/gvle%or(r)rgztl)f
o odi ot eghfiﬁptgingﬁuéﬁe%%é%? ErvR ddr £eo E%{ataﬁ% ot A er once
bhace vl ussS 49%&9%@&% B AT Fd ket hh debtt Vo et ELed

d d | | d h dual I
phase val e BOfGt FRELEmBAN Al et ﬁfg%ftgﬁﬁ?t( Tt fing TR g

11A, three 5 lecgcﬁhb Ier%okntst%n thedads% nt ref renc tlne axi s

(C040) are f of sea justnent anount §°7 amg}O Yre pépﬁt COLA

reflects thee@QhBi%?E@%eag%ﬁ%% CO1lA reflects the adjustment amount

for the first car. The predicted route (C01ll in Fig.
11Aa) of the first car is adjusted by the subsequent

10 process so as to go through this point (C01A).
Likewise, the predicted route (C021 in Fig. 11A) of the
second car and the predicted route (C031 in Fig. 11A)
of the third car are respectively adjusted by the
subsequent process so as to go through the point CO02A

15 and point CO3A. This process is executed by the
adjusted route preparation block 103D in Fig. 2 to
prepare new target routes by adjusting the predicted
routes based on the adjustment amounts. This results
in trajectories shown in Fig. 11B. Fig. 11B shows the

20 new target routes prepared based on the predicted
routes shown in Fig. 11A. The target routes of the
three cars (C0106, C02C and CO030 in Fig. 11B) are
respectively drawn by a solid line (CO011N) for the firs
car {(C010), a chain line {(C021N) for the second car

25 (C020) and a broken line (C031N) for the third car
(C030). The trajectories of the target routes are
characterized in that they are drawn so as to guide the

cars into the temporally equal interval ceondition as



for the first car. The predicted route (COL1l in Fig. 11A) of the first car
is adjusted by the subsequent 10 process so as to go through this point

kewi se, the predicted route (G021 in Fig. 11A) of the second car
and the predicted route (0031 in Fig. 11A) of the third car are

(CO1A) .

respectively adjusted by the

Li

subsequent process so as to go through the

poi nt CO2A 15 and point CO3A. This process is executed by the adjusted

route preparation block 103D in Fig.” 0O prepare new target routes by
adjusting the predicted r es ased on ust ano Thi s
results in gfﬁcfﬁrﬁeg sﬁg&n i RPECGE1EP8. yFl$eyf 41 qu/target
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drawn so as to guide the cars into the temporally equal
interval condition. Based on the predicted rcutes
shown in Fig. 11A, it is possible to prepare these
routes (target routes shown in Fig. 11B) by adjusting
the respective routes so as to go through the points
{CO1A, CO2A and CO3A in Figs. 11A and 11iB) obtained by
the adjustment amounts. This preparation method will
be described again later in detail. Before that, the
following summarizes the basic concept of the target
route preparation method with reference to Figs. 12 and
13.

Figs. 12 and 13 represent the basic concept
of how Lo prepare target routes unique to the present
invention. Firstly, a description is made of what is
shown in Fig. 12. Fig. 12 is provided to describe the
concept of the adjustment area-based target route
preparation method. In the graph of Fig. 12, the
horizontal axis represents the time while the vertical
a2Xls represents the position of a given flcor in the
building. The graph is divided by the adjustment

reference time axis (D04) into two areas. Of them, the



(C040), the trajectories of the respective cars are drawn so as to guide
the cars into the tenporally equal interval condition. Based on the
predicted routes 10 shown in Fig. 11A it is possible to prepare these
routes (target routes shown in Fig. 11B) by adjusting the respective routes
so as to go through the points (COLA, (C02A and CO3A in Figs. 11A and 11B)
obt ai ned by the adjustnent anounts. ngs preparation nmethod wll 15 be
described again later in detail. Beforeé“that, the follow ng sumrarizes the

pasi e concer gL L0et 905k, TS BLSRALLED TRUNOA M AT Selereneg Lo
Gescri pti on et Radedor Nt TS AHBLTAT A CAZ e HYEHARE! ol ovi ded to
descri be the %oncepE of Eh% ad&pst ar ea- bas %_tar et route . preparation
method. I n ¢ RETGREEN "o FIEC TR KPS Mo SOl i €17 G SRt S the i me
whil e the vertical _axis represents th ositiaqn of a giv | oorin the
bui | di ng. Thglﬁlfaaﬁﬁldi é di \?id&élﬁs%nf ere:f jrues Crﬁan G e?xe%en e {)I e B%i's (DO4)
L 1 3R PR e L s s ene U A s ps
e e, SSeERThREE NS00 LI ST LA A
transient temporally equal interval state. The subsequent area
(DO2) beyond the adjustment reference time axis 1is a
steady state area, that is, an area where the cars are
10 to settle in the ideal temporally equal interval state.
Thus, a transient state is generated in the adjustment
area so as to gulde the cars into the ideal state in
the steady state area (D02). Fig. 13 depicts the
concept of using the adjustment area to control the
15 target routes. This figure shows the processes that
prepare target routes by using the adjustment area. As
already described briefly with Fig. 2, target routes
are prepared by four processes: 1) drawing the current
predicted routes (ST701 in Fig. 13), 2) calculating the
20 current temporal phase values of the respective cars on
the adjustment reference time axis (ST702), 3) based on
the current temporal phase values, calculating
adjustment amounts to make the respective cars come at
temporally equal intervals (ST703) and 4) obtaining
25 target routes by adjusting the predicted route grids in
the adjustment area according to the adjustment amounts
{(8ST704). Thus, target routes, key to the present

invention, are prepared by the four basic processes



state area, that is, an area for transition to an ideal tenporally equal
interval state. The subsequent area (DO02) beyond the adjustnent reference
time axis is a steady state area, that is, an area where the cars are 10 to
settle in the ideal tenporally equal interval state. Thus, a transient
state is generated in the adjustnent area so as to guide the cars into the
ideal state in the steady state area 2). Fig. 13 depicts the concept of
usi ng the adjustnment area to control t 15 target routes. This figure shows

t he processeg, gﬁtﬁ?rgiggr§3zﬁggggqgggt%% g%eu%gy%éwy%ﬁggﬁgtnent area. As

al ready descri y W target” routes “Tare“prepared by four

processes: 1 1 Ae, CYLLen predicted routes (ST701 in Fig. 13), 2)
cal cul ating %ﬁgéggbggr%2§P ?g 'o?ér phase val ues of the respective cars on

the adjustnent referengg.ti C§§h§ig§Tﬁgé)be%% Based 9N ¢ K é?%%gnt

tenporal phase val ues, cal culatihg "adjustnment amounts to na

espective caLgaGANR: &l cohemparall ineduakointenual o4 SLid: Ayl s obtal ning

25 target route sting t predi ct route gri ad]’ust ment

area accosdiege5gngéﬁeeghuagggakiaﬁeuaga t%éTégéggrEEERaﬁéﬁﬁgﬁ routes, key

to the present ention, are prepared by th Cc processes - 30
shown in Figﬁoﬁggggcgﬁgiggoggsggg_basic concept described with Fig. 12. The

descri ption has en made of the basic conponents concerning the
preparation of target ROWEES8iled description is made of how target

routes are prepared with reference to Figs. 2, 11, 14
and 15, At first, a description will be made of the

10 internal components of the target route preparation
section shown in Fig. 2. The current temporal phase
value calculating block (103B in Fig. 2) comprises an
initial route preparation part (103Bl), an adjustment
reference time axis setting part (103B2), an adjustment

15 reference time axis-based individual car's temporal
phase value calculating part (103B3) and a temporal
phase value sorting part (103B4). In the initial route
preparation part (103Bl), the current predicted routes
of the respective cars are prepared as the initial

20 routes. These initial routes correspend to the pre-
adjustment target route profiles shown in Fig. 11A. In
the adjustment reference time axis setting part
(103BR2), an adjustment reference time axis is set. In
the adjustment reference time axis-based individual

25 car's temporal phase value calculating part (103B3},
the temporal phase values of the respective cars ére

calculated on the adjustment reference time axis. With

reference to Fig. 15, the following describes the



5 their general operations and the basic preparation concept and processes.
A detail ed description is nade of how target routes are prepared with
reference to Figs. 2, 11, 14 and 15. At first, a description will be nade
of the 10 internal conponents of the target route preparation section shown
in Fig. 2. The current tenporal phase value calculating block (103B in Fig.
2) conprises an initial route preparatjon part (10381), an adjustnent
reference tinme axis setting part (103 , an adjustnent 15 reference tine

axi s- based ig%%ﬁ%%ggép@g%ésvgﬁggpg%ldeegqﬁe Vv lu?ﬁ%ﬁlﬁﬁiahhp part (103B3)

and a tenpor ue sorting par 103 € initial route

preparation patt (10381}, ;the cutcent predigted Jout 65, dfedhie fespecti ve

cars are prepare he™ini ti al eS. " These initial es correspond

to the bre- BLustyeil.otgngel paulsRtotihes shownlnfig. 1 In the

adj ust nent erence tirnme axis setting par an adj ust nment

reference ti Sg{hgni8fsgtgﬁbgﬁa%QSOgths%g%n%uﬁgkggl.ceqﬁkgg§%§§?-based

i ndi vi dual 25"car"s tempor se val ue calculating “part t he

t enpor al Bh?§ﬁo%ﬁl ugsgof, the regy .t%tﬁie%eac E%d%ﬁ:‘%egcﬁog%’éei&e@tﬁg t he

adj ustnment reference ti axi s. reference to foll ow ng

describes the avitor! BAPOLA! RBASE SUALYEOhN tfighldns d poiddedy the
hori zontal axis of the graph represents the tenporé] phase val ue while the
vertical axigoleRresepisehh8y a periodic function with a period of
T. For example, the predicted route (C0ll in Fig. 11A)
of the first car in Fig. 11A corresponds to this route.
10 As shown, the predicted route (C01ll in Fig. 11A) of the
first car in Fig. 11A is given by a periodic function.
The graph of Fig. 15 shows one period of this predicted
route given by a periodic function. Starting at the
lowest floor, this one-period has a car-ascending
15 segment (G0l in Fig. 15) and a car-descending segment
{(G02 in Fig. 15), making one round in the building.
Here, the phase 1s considered as the floor position.
Accordingly, when the car is at the lowest floor, the
phase is considered 0 or 2n (rad). Likewise, when the
20 car is at the highest flocr, the phase is o (rad). In
addition, similar to a sinusocidal wave, the phase is
considered positive in polarity when the phase is
between 0 and n (the car is ascending) whereas negative
when the phase is between m and 20 (the car is
25 descending). When the phase is nm (at time Tno in Fig.
15), since the polarity of the phase changes from
positive to negative, this point of time is named the

turnaround temporal phase Tn. In addition, y max is



position of a given floor in the building. The graph 5 shown in Fig. 15
indicates a predicted route of an elevator car on the assunption that this
predicted route is given by a periodic function with a period of T. For
exanple, the predicted route (CO11 in Fig. 11A) of the first car in Fig.
11A corresponds to this route. 10 As shown, the predicted route (COLl in
Fig. 11A) of the first car in Fig. 11#&is given by a periodic function.
The graph of Fig. 15 shows one period of this predicted route given by a
peri odi ¢ funatkedntoShaanhi n@eapotshe idnowsasttfd darghddt sf lose= periogkhas a
car-ascendi ng 15 segnent (GOl in Fig. 15) and a car-descendi ng segnent (&2
in Fig. 15), thekiengseneedounddin ithe ,buiHeditsgnpoddar eghddre yphiase s
considered as the floor position. Accordingly, when the car is at the
| onest fl oor Ot ketpphage g eonsiveer gobidtorc 2z (ed)ictladkewsss iden the 20
car is at the highest floor, the phase is n (rad). In addition, simlar to
a sinusoi dal dedvegdt hg phaséoilsd owiomsiedpragd qposi tive in polarity when the
phase is between 0 and n (the car is ascending) whereas negative when the
phase is between n and 2n (the car is 25 descending). Wen the phase is n
(at time Tn in Fig. 15), since the polarity of the phase changes from
positive Po hegat i(Fa/vthes) psi kit (ebrt peechnsingred thep tufar-ound tlenpor al
phase Tr.. In addition, y max is - 32 wused to nean the position of the
hi ghest floor. Under these assuned conditions, the tenporal phase value tp
tp = —-{(T - Tn)/y max} x y + T

(car descending: Tn < tp < T) .. (2D

Where, the amount y is represented by the floor axis
and means the car's predicted floor pesition. For

10 example, the temporal phase value tp cf a predicted
route point (G033 in Fig. 15) whose position is y can be
calculated according to equation (1) (Tr/y max) x y.
Temporal phase value tp is characterized in that the
amount of phase cf any route point can be evaluated

15 uniguely since dimensional conversion is made from
phase toc time. Thus, by using temporal phase wvalues,
it is possible to easily evaluate the degree of
temporal equality of intervals among the predicted
routes of the respective cars.

20 Returning to Fig. 2, in the adjustment
reference time axis-based individual car's temporal
phase value calculating part (103B3) of the current
temporal phase value calculating block {(103B in Fig.
2), the temporal phase values of points at which the

25 predicted routes of the respective cars intersect the



(0O <tp <T) of agiven point of a predicted route is defined by the
follow ng equation. 5 tp = (T7c/y_max) x y (car ascending: 0 <tp <T) ...
(1)) tp=-{(T- Tn) /y max} x y + T (car descending: Tn <tp <T) ... (2)
Where, the anount y is represented by the floor axis and neans the car's
predicted floor position. For 10 exanple, the tenporal phase value tp of a
predicted route point (&3 in Fig. 15)_ whose position is y can be
cal cul ated according to equation (1) ( %/?_nax) X y. Tenporal phase val ue

tp is characterized in that the mount._aof phase of any route point can be
eval uat ed 154 ﬁPﬁ§5‘F9tSirﬁggrﬁinﬁ?ngilgﬁalaxcl@n\?éesic q@%&%@%BFO 1hase to
time. Thus, by using tenparal, ,phase, val ues,. _it,i.s possible to easily

eval uate theeégafég o#?)tgﬁpéggr e &&Frt§§¥ﬁ %%ﬁe%' al§§ﬁﬂﬁﬁﬁmfﬁ% predi ct ed
routes of the_respect] rs...20 Returning to-Fi.g.. 2, i e j ust ment
reference tiﬁ%rg§?s¥85é§dggn Ve Egﬁ“caﬁkgqF%Hﬁﬁrate|ﬂ%§§£%ﬁi%§gﬁ%ﬂculating

part (10383) i /e CHLLeND o RO gle phAse valdie calaul atigg bl ock, (1038 in

Fig. 2), the nporal” phase val ues "of “point's predi ct ed

rout es of st h?i esgggti ‘éﬁe?%g:m%dii%ttﬁhs%%E(t%]e(g;ozﬁi‘;’)ir?%%igb? % rleg erence tine

axis are cal cuFated by usi equati on and 14B show

o cat " PEUABEYLESLE PRERREEte Och oG LAl cmiprsiandion, mindy one o
predicted route is prepared in the initial route
preparation part (103Bl1 in Fig. 2}. The adjustment
reference time axis (CC40) in Fig. 14A is set in the

10 adjustment reference time axis setting part (103B2 in
Fig. 2). The temporal phase value tp of the predicted
route of the second car on this adjustment reference
time axis (C040 in Fig. 14A)}, or the temporal phase
value tp of a point (C060 in Fig. 14A) where the

15 predicted route of the second car intersects the
adjustment reference time axis is calculated by the
adjustment reference time axis-based individual car's
temporal phase value calculating part {(103B3 in Fig.
2). In the case of the intersecting point C060 in Fig.

20 14A, since the car is ascending (between 0 (rad) and II
{rad) in phase), the temporal phase value tp c¢an be
cailculated from the car's predicted position y
according to equation (l1). Here, the period T can be
obtained from the following data: the number of stories

25 of the building, width per story, car's rated speed and
current traffic-dependent average stop frequency and

stoppage time. Likewise, the turnaround temporal phase

Tn can also be obtained from the agbove-mentioned data.



5 Fig. 14A, the predicted route (C021 in Fig. 14A) is shown as a
pre-adjustnent target route profile. This predicted route is prepared in
the initial route preparation part (103B1L in Fig. 2). The adjustnent
reference time axis (C040) in Fig. 14A is set in the 10 adjustnent reference
time axis setting part (103B2 in Fig. 2). The tenporal phase value tp of
the predicted route of the second car3fon-this adjustment reference tine
axis (C040 in Fig. 14A), or the tenporal phase value tp of a point (C060 in
Fig. 14A) whEre hh@h%tpféapéf edrpeitéonf vt Rexsésord fd&ed madnsect s t he

adj ustment reference tine axis is calculated by the adjustment reference
time axis-ba@eBenAgnyi dbaFheabusldieapor BRIpHadEIvAAGE ¢al dil%t ity part
(103B3 in Fig. 2). In the case of the intersecting point G060 in Fig. 20
14A, since thBtehrtis hHSEBAERAGPPBEEWEEAUES( péd)‘-hsnmspeqtrlaf@ Gatphase),

the tenporal phase_value tp can be calculated fromthe car's predicted
position y %E%o?ﬁiﬁ@lﬁéeﬁqﬁétFBﬁ pdyusHEeBt TRESEENCEd CEMEaR¥eé ~ obt ai ned
fromthe follomnn data; the nunber of stories 25 of .the building, wdth per
story, caf's ?§?€d1§ﬁééédaﬁ@ CRur PehEMPPARLI Bl@EFedent SPercdde tSitfeh
frequency and sto tinme, Likew se, the turnaround t enpar al phase Tn
can al so be B%%Elhgggggoh?tﬁégabg@e HBREFohEAPAZES. PRasE Vﬁiy

floor's p05|t|on Y is a fixed value dependent gn the bU|Id|ng
Referring backStH ﬁPﬁCt?VE GRE8r AEReSPERBOr aFEPhadE VAITESSIF % he respecti ve

cars order of phase by the temporal phase wvalue socrting part

(103B4 in Fig. 2). Hereinafter, this order is denoted
10 as increasing phase order. As described with Fig. 15,
the temporal phase value tp of each car is defined
during one periced of the waveform. In Fig. 15, the
more the waveform is advanced, the larger its temporal
phase value becomes. On the other hand, adjustment is
15 made so that 0 < tp(k) < T is met by tp. For example,
consider the pre-adjustment target route profiles (or
predicted routes) cof three cars in Fig. 11A. According
tc the points at which the predicted routes (C011, C021
and C031 in Fig. 11A of the respective cars intersect
20 the adjustment reference axis {(C040 in Fig. 11A), the
third car has the smallest temporal phase value,
followed by the second car and then the first car in
increasing phase order. This order is determined in
the temporal phase value sorting part (103B4 in Fig. 2)
25 by using a sorting algorithm (for example, selection
sort, bubble sort or the like). Based on the
calculated temporal phase values ¢f the respective cars

and their increasing phase order, the adjustment amount



are calcul ated by the adjustnment reference tine axis 5 based individual
car's tenporal phase value calculating part (103B3 in fig. 2), these
tenporal phase values of the respective cars are sorted into the increasing
order of phase by the tenporal phase value sorting part (103B4 in Fig. 2).
Hereinafter, this order is denoted 10 as increasing phase order. As
described with Fig. 15, the tenporqug?a§e val ue tp of each car is defined
during one period of the waveform ig. 15, the nore the waveformis

advanced. the.} BL9EELLSH] BIROYRD3CPRISE YAl Us begarms,: Q1 bhie arfer hand.

adjustnent iS or exanple

consi der thetgrgagd%giégggg BgrggghrggEelBerH%§§ fﬂﬂ? q%ppt utes) of

three cars in ccor to the points at e pre cted

routes (C011,, ﬁ?g%esagglgogémb?ég%gph£gé g%l%%ﬁ)l qug fé S intersect 20

t he adjustnent erence axl s e car has the

smal | est temporgl PhRsEqual uen:ckobhaugdPshhe,s %%@%ﬁr and then the

first car in increasin ase order is or 'S deternlned in the

t enpor al E?haéﬁ?fY@kéﬁcé%E' Eﬂepéﬁau(s%gé% 'aﬂlolfl'ng; Dr $nd% MG @ sorting

algorithm (for exanple, selection sort, bubble sort or the'like). Based on

the Ca!CUlaﬁﬁQséeGHQE@|th€§€ vahues ot bheilespeldpte iang, and their
i ncreasi ng phase order, the adjustnent anount - 35 calculating block (103C

of Fig. 2) cahecuhates the ear=tbocear ihRkerwal @Qh each<Lar idbndRimm of
tenporal phase,

phase) of each car from the predicted routes, compare
it with a reference value for equal intervals and

10 calculate their difference as the amount for
adjustment. Taking the case of Fig. 1124, the following
describes how the individual car's temporal phase value
adjustment amount calculating block {103C in Fig. 2)
operates. In Fig. 11lA, as described earlier, the third

15 car comes first, followed by the second car and the
first car in increasing phase order according to the
temporal phase values of the predicted routes (C011,
C021 and C031 in Fig. 11A) of the respective cars on
the adjustment reference time axis {(C040 in Fig. 11A).

20 If one period of each predicted route is given by T
(commcn to the three cars), the temporal phase value
tp(k) of the k-th car is: t{p(3) = 0.09T for the third
car, tp{(2) = 0.17T for the second car and tp(l) = 0.77T
for the first car. The respective car-to-car intervals

25 are calculated in increasing phase order. The result
is tp{(2) - tp(3) = 0.08T for the second-to-third car
interval, tp{l) - tp(2) = 0.6T for the first-to-third

car interval and tp{(3) - tp(l) + T = 0.32T for the



conpares this tenporal phase value with a reference value for equal
intervals and calculates their 5 difference as the adjustnent anount for the
tenporal phase value of the car. The basic concept is to calculate the
car-to-car interval (in terns of tenporal phase) of each car fromthe
predicted routes, conpare it wth a reference value for equal intervals and
10 calculate their difference as the_ unt for adjustnent. Taking the case
of Fig. 11A, the followi ng describes w the individual car's tenpora

phase val ue tgg& s%geg%eggngg% g%k%%%%Hyng | O thﬁ&?%&s (flrs %L%Ooperates

In Fig. 11A escri earflier, the th|r car co | | oned by

th d - t to th
teﬁpifﬁfnphﬁgé ?3?&&5%8 e ?’é%?ﬁtsleﬂ%&%lf T Ry
114) of the {espechike 5apna0a /Lheal U%thraecnt 1019 eI g (0040 i

Fig. 11A). each predicted Yute i’ gi ven (connDn

to the three%ﬁgr $is E'Eeth% ehal s%*?:%?% ‘é‘ﬂd’etm z%{] éﬂz?&‘ed\? car

tp(3) 0. 09 of the th|r car e second car and tp(1l)
0.77T or -t Bgel LESEaCR ot hBE .M eSReLl %%eC%{ezthbcPaf it anyal s

calculated in increasing phase order. The result 1is tp(2) - tp(3) = 0 08T

for the secopdrtoptBhidigabrvhil @LVahn tt@fel)carst R(P)a ‘t&n {01y t he

first-to-third car interval and tp(3) - tp(l) + T = 32T for the - 36

third-to-firsgugar ihekei¥al cohlusidhhe o @ERRGE inKe 1car 1f N cars are

collectively controlled. In the case of Fig. 11A, the
target interval is T/3 = 0.33T since three cars are

10 collectively controlled. The difference between this
target interval and the current car-to-car interval
should be eliminated by adjustment. For instance, the
second-to-third car interval should be corrected by +
0.25T (= 0.33T - 0.08T), the first-to-second car

15 interval should be corrected by -0.27T (= 0.33T - 0.6T)
and the third-to-first car interval should be corrected
by +0.01T (= 0.33T - 0.32T). 1In this context, the
positive sign means to increase the interval (widen the
current interval toward the target) whereas the

20 negative sign means to decrease the interval (narrow
the current interval toward the target). Based on
these correction values feor adjusting the intervals,
correction values for the temporal phase values of the
respective cars are calculated. This is possible by

25 wusing the following algorithm. For example, assume
that three cars, car A, car B and car C in increasing
phase order, are collectively controlled (for

generalization, here, each car is given an alphabetic



to-car intervals can be evaluated quantitatively using the tenpora

val ues. That

car-to-car i

phase

is, it is found from the result that the second and third cars
are very 5 close to each other. Since one period is T, the target

nterval to run the cars in a tenporally equal interva

condition is given by T/Nif N cars are collectively controlled. In the
11A, the target interval3is T/3 = 0.33T since three cars are
10 col lectively controlled. The difference between this target interval and

case of Fig.

the current

camei o- clherafereal 0 shopl(@)beg e&pi(f)nat ég () adjTusitsrent .

instance, the second-to-third car interval should be corrected by +
(= 0.33T - 0ne8T), Hehe, f Lest usodsvotrd toar tEBpionEer wala sshdulng i ¢corr ect ed
by -0.27T (= 0.33T - 0.6T) and the third-to-first car interval should be
corrected byiwen0gadr(by0A88Tk) Qk32Fpns| watrhikg -codttexteadrheapdsiti ve sign
means to increase the interval (wden the current interval toward the
target) whereas theepvapegat beecsigrditeansot heedreasd tind sxvadr Vi3 (narr ow
interval toward the target). Based on these correction val ues

the current

for adjus®Pi ngftae ADervAPBL,
val ues of the

For
0. 25T

ébﬁré@ﬂﬂ@wl@al@@@aﬂdpnﬁh@W%ﬁm%ﬁéﬁﬂphase
respective cars are calculated. This is possible by 25 using

the followi ng algorithm For exanple, assune that three cars, car A car B
and car Cin increasing Ehase order, are coIIectlveI%‘controIIed (for
aé (3

generali zati

10

15

20

on, (hefg) PéR) )is ¢irPdR)an AltpHAnet it T/

(tp(C) + Atp{C)) - (tp(B) + Atp(B)) = T/3 ... (4)

(tp(R) + Atp(A)) - (tp(C} + Atp(C)) + T = T/3 ... (5)

In equation {(3), the adjusted temporal phase
value is given by tp{(B) + Atp(B) where the current
temporal phase value i1s given by tp(B). Accordingly,
equation (3) indicates that the difference between the
adjusted temporal phase value of car B and the adjusted
temporal phase value of car A, or the interval between
them, must be T/3. Since the above three equations are
not independent of each other, only these three
equations can not be solved for Atp(A), Atp(B) and
Atp(C). Therefore, another condition is added. This
condition is that the center of gravity of the
distributed cars must not change after they are
adjusted. This condition is expressed in terms of the
temporal phase value of each car by the following

equation.



name) .
the tenporal
car-to- car
adj ust nent ,

Ther ef or e,

0 <tp(A) <tp(B) <t
phase tinme of a given car

p(C < Tis met. Here, let us denote
by Atp(k) (k neans car k). For each

interval to becone equal

to the target

the foll ow ng equati ons nust be net.

interval T/3 5 after
(tp(B) + Atp(B)) - (tp(A)

+ Atp(A) =T/3 ... (3) (tp(© + Atp(C) - (tp(B) + Atp(B)) =T/3 ... (4)
(tp(A) + Atp(A)) - (tp(CO + Atp(©Q) +3FB=T/3 ... (5 In equation (3), the
adj usted tenporal phase 10 value is given by tp(B) + Atp(B) where the
current tenporalltpiasetvabud)i $ giovén by =p(B)tp Adcor ditrid),) equation (3)
indicates that the difference between the adjusted tenporal phase val ue of
car B and the adjusted tenporal phase val udtef(Edart AtwiBlhet interval
between 15 them nust be T/3. Since the above three equations are not

i ndependent of each other, only these three (t&f&at itods-reEf nbt3 be sol ved for
Atp(A), Atp(B) and Atp(C). Therefore, another condition is added. This
condition is that the center of gravity of the 20 distributed cat® nmust not

change after they are adjusted. This condition is expressed in terns of the

t emporal phase val ue of each car by the following equation. - 38 (tp(A +
tp(B) +t Q) /3 = t A + Atp(A)) + tp(B) + Atp(B + tp(C +
Afé(%))}/g ?Eéh@@jon &6g %a% e sim%&i%éed t% %%ﬁgtion[¥79)beloé.p( )
Atp{A)) + Atp(B) + Atp(C) = 0 (7)
e Solving equations (3), {(4), (5) and (7) for Atp{R),
Atp(B) and Atp(C) results in the following equations.
Atp(A) = (=2/3)tp(R) + (1/3)tp{B) +
10 (1/3)tp(C) + (-1/3)T (8)
Atp(B) = (1/3)tp(A) + (-2/3)tp(B) +
(1/3)tp(C) (9)
Atp(C) = (1/3)tp(A) + (1/3)tp(B) +
(=2/3)tp(C) + (1/3)T (10)
15 In summary, when the temporal phase values
tp(A), tp(B} and tp(C) of three cars A, B and C meet
the relatiocn 0 < tp(A) < tp(B) < tp(C) < T, correction
values Atp{A), Atp(B) and Atp(C).to adjust the temporal
phase values of the respective cars so as to put the
20 respective cars in a temporally equal interval state

without changing the center of gravity of the



5 Equation (6) can be sinplified to equation (7) below Atp(A)) + Atp(B) +

Atp(C =0 ... (7) Solving equations (3), (4), (5 and (7) for Atp(A),
Atp(B) and Atp(C) results in the follow ng equations. Atp(A = (-2/3)tp(A
+ (1/3)tp(B) + 10 (1/3)tp(C) + (-1/3)T ... (8 Atp(B) = (1/3)tp(A +
(-2/3)tp(B) + (1/3)tp(O ... (9) Atp(C = (1/3)tp(A + (1/3)tp(B) +
(-2/3)tp(C + (1/3)T ... (10) 15 1In s gnary, when the tenporal phase val ues
tp(A), tp(B) and tp(C) of three caré'A? B and C neet the relation 0 < tp(A)

<tp(B) <tp C% <.T,.carrection. val ues Atp(A t.p(.B) and Atp(C) to adjust
t he terrporalél ﬁﬁ%guggﬁugggéﬁ%gﬁgergéﬁ@cf@&bk%%F?mggjggﬁto put the 20
respective caLs

' Ly, - | i gl st it [ th
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LTA aher ot haTt PdCHegc St ada oy eperg S Hhigtl) secdhd MRS To cars
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tp(l)ag 0.77 }E%éc§?5fngﬁg%egggpﬁexggﬁgggéﬁgﬁaeg%%é?ﬂg%%? Eﬁggyégéé%tive

cars, Al p(SA)t=(ﬁt).p(=3§p'_{3')0=0%1.-(5’9T,Attg>((%))_ = %tp?(( ) < gﬁg'lﬁﬁgTa(r%?cfﬁ:dg)ﬁ 9o

-0.096T are 8btalne_ according to equations
verification. tpgiadLugt 66wt enperal-oRhase, valaues OdfcdM®ction values

for the respective cars, Atp(A) = Atp(3) = -0.081T,
Atp(B) = Atp(2} = 0.177T and Atp(C) = -0.096T are
obtained according to equations (8), (9) and (10). For

10 wverification, the adjusted tempcral phase values of the
respective cars are calculated. The result is tp(A) +
Atp(A) = tp(3) + Atp(3) = 0. 010T, tp(B) + Atp(B) =
tp(2) + Atp{2) = 0.343T and tp(C) + Atp{(C) = tp(l) +
Atp(l) = 0.677T. All car-to-car intervals are

15 therefore 0.33T, meeting the interval-equalizing
requirement. Referring back to Fig. 2, the following
provides a detailed description of how the adjusted
route preparation block (103D of Fig. 2) operates to
prepare adjusted routes by using the correction values

20 obtained in the individual car's temporal phase value
adjustment amount calculating block (103C in Fig. 2).
At first in the adjusted route preparation block,
correction values to adjust the grids of the pre-
adjustment target routes (corresponding to the

25 predicted routes) of the respective cars are calculated
by the individual car's route grid adjustment amount
calculating part (103bl in Fig. 2). Grids are shown in

Fig. 14A. Tc¢ facilitate understanding, Fig. 14A shows



respective c

Atp(3) = 0.
Atp(C = tp(
0. 33T, neeti
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theekzontak RAFNLIrOMSHdOboints within the adjustment
area). The temporal phase of the route of concern can
be adjusted by changing the horizontal positions of
these grids. The grid adjustment values are determined
one by one for the grids in temporal order starting
from the grid nearest to the present time. The grid
adjustment values must amount in total to the
adjustment value determined for the car. Each grid is
given the largest adjustment value which does not
exceed a limiter value set to the grid by the grid
limiter value setting part (103D2 in Fig. 2). Taking
the case of Fig. 14A, the following describes this
method. Agtp (k =2, 1 =1, 2, 3) is used to denote a
adjustment value to be given to a grid. Here, k means
the number of the car (k = 2 for the second car)
whereas i1 means the number of the grid. The grids, in
temporal order from the present time forward, are given
increasing numbers. In addition, LAgtp (k = 2, i = 1,
2, 3) 1s used to denote the limiter value set as the
maximum adjustment value allowed for the grid. The
temporal phase adjustment value for the second car,

tp(2) + Atp(2) = 0.343T as calculated above, 1is



10 these grids. The grid adjustnent values are determ ned one by one for
the grids in tenporal order starting fromthe grid nearest to the present
time. The grid adjustnment values nust anmount in total to the adjustnent
val ue determned for the car. Each grid is 15 given the |argest adjustnent
val ue which does not exceed a limter value set to the grid by the grid
limter value setting part (103D2 in Fﬂg 2). Taking the case of Fig. 14A,
the follow ng describes this nethod. Abtp (k =2, 1 =1, 2 3) is used to

denote a 20 89g9§£g§9_ vgluggkﬁege _given tol%'ggﬁﬂﬁhs Ie neans, t he

nunber of thé ca secoﬁd car) ‘nedns t he nunber of
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not exceeg theg, Q@spggbkﬁqlengteﬁ uabqeg OFQ@ gﬁ@ﬂ@ﬂafgf xthe limter
val ues of the respéctive grids are LAgtp(k = 2, i = 0. 2T, LAgtp(k =

the first arih, . Agtp(k mootUSEpnE, AL ?8‘—‘3’%%?%1%%&3%{%? 2,

limter valugytptxfirst. iTheijemaisnisBg kequi.ned= IAgtp(k = 2, i =
1); limiter value) at first. The remaining required
temporal phase adjustment is 0.343T - 0.2T = 0.143T.

10 Then, the adjustment value for the second grid, Agtp(k
=2, 1=2), 1s set to 0.143T. Since the remaining
required temporal phase adjustment is zero, the
adjustment value for the third grid, Agtp(k = 2, 1 =
3), is set to 0. Referring back to Fig. 2, the

15 adjusted grid position calculating part (103D3 in Fig.
2} calculates the adjusted positions (gp_N(k, 1) of the
respective grids from the adjustment values (Agtp(k,
i)) for the respective grids and the pre-adjustment
positions (gp(k, 1)) of the respective grids. For

20 example, if the car i1s the second car (k=2) and there
are three grids {i=1, 2, 3), the respective grids are

located as given by the following equations.

Agtp (k=2, 1i=1) ... (1)



tenporal phase adjustnent is 0.343T - 0.2T = 0. 143T. 10 Then, the adjustnent

val ue for the second grid, Agtp(k =2, i =2), is set to 0.143T. Since the
remai ning required tenporal phase adjustnment is zero, the adjustnent val ue
for the third grid, Agtp(k =2, i = 3), is set to 0. Referring back to Fig.

2, the 15 adjusted grid position calculating part (103D3 in Fig. 2)
cal cul ates the adjusted positions (gp k, i) of the respective grids from
t he adjustnent values (Agtp(k, i)) for“the respective grids and the
pre-adjustnment positions (gp(k, i)) of the respective grids. For 20
exanple, if the car is the second car (k=2) and there are three grids (i=1,

2, 3), the respective é%ﬁﬁkaﬁ ngaLegpqi glv?kzgy JLthe follow ng

equations. gp N(k=2, (k=2,"i=1 i=1) ... (11) - 42 gp
N(k=2, i=2) = gp(k=2, |—2) + Agtp(k= 2,A %)k+2AgH 5 2 !=2) ... (12) gp
N(k=2, 1=3) = gp(k=2, i=3) + Lgtp(k=2, Lgtpek 2, 1=2) + Lgtp(k=2,
i=3) ... (13) Since an adjustnent valu? E?q gr|d2|s effectly fo t he
subsequent grids, the position of the gs grid is adjusted by t e t ot al

tenporal phase adjustnment value required for the car. By connecting

gp W(k=2, i=3) = gp(k=2, i=3) +
Agtp (k=2, i=1) +
Agtp (k=2, i=2) +

Agtp (k=2, i=3) c.. (13)

Since an adjustment value for a grid is
effective to the subsequent grids, the position of the
last grid is adjusted by the total temporal phase
adjustment value required for the car. By connecting

5 the thus adjusted grid positions, it is possible to
prepare a new target route. The target route data
calculating part (103D4 in Fig. 2) updates the target
route data by calculating new target data. In Fig.
14B, a route drawn by a thick line is the adjusted

10 target route prepared based on the pre-—-adjustment
target route (corresponding to a predicted route) shown
in Fig. 14A. 1In Fig. 14A, the pre-adjustment target
route is drawn by a thin chain line (C0Z1) whereas the
adjusted target route is drawn by a thick chain line

15 (C021N). An adjusted grid position is calculated in
the adjusted grid position calculating part (103D3 in
Fig. 2). As a result of adjustment, the grid C022 is

shifted to C022N. Likewise, the grids C023 and (024



5 the thus adjusted grid positions, it is possible to prepare a new target
route. The target route data <calculating part (103D4 in Fig. 2) updates the
target route data by calculating newtarget data. In Fig. 14B, a route
drawn by a thick line is the adjusted 10 target route prepared based on the
pre-adjustnment target route (corresponding to a predicted route) shown in
Fig. 14A. In Fig. 14A the pre-adjust t_target route is drawn by a thin
chain line (C021) whereas the adjusted target route is drawn by a thick

chain line 15, L0021M AR aMEWSLESD 197 itd ROSIH AN d %:d:zah\f:.gl) afed in the

adjusted grid position calculating part (103D3 in Fig. . As a result of

ad ustment’, EhRnGELdnC0RReEs cHILE! ed iy 002N, deuiine dhieian ds €023 and
0024 - 43 are shified respectivelyfo 023N and CO024N.” By connecting these

three grids, tht tRiBRsSehBlia 19ndr awutkheclolileh Ghaid dume, niHed£021IN) as a
new y updated target route. As apparent fromFig. 14B, the newy 5 updated

target routetfagkustedtbargak h@ﬁb@bn&ogicmihﬁgugﬁ4ﬂv3ﬂﬁéﬂné%ﬂywtnﬁnt
target point sef according to the tenporal phase adjustnment val ue. As shown

in Fig. 8lBupghbeq ta@g_@:@utr@&t@f (kg usespeekirve tcalsutad)e gl usted so as to
go through their post-adjustnment 10 target points as described above, the
resul tant tatpebughouhespoCOLilN;ucRatNtard rg@31Nociare ddt temoraldy equal

interval state after the adjustnent reference tinme axis (C040 in Fig. 11B)
As a matter @b €aer sempblal phase adjustment value. As shown in

Fig. 11B, since the routes of the respective cars are
adjusted so as to go through their post-adjustment

10 target points as described above, the resultant target
routes (COl1N, CO21IN and CO31IN) are in temporally equal
interval state after the adjustment reference time axis
(C040 in Fig. 11B). As a matter of course, the
respective routes (CO011N, CO21N, CO31N) go through

15 their post-adjustment target points (CO1A, COZA and
CO3A in Fig. 1iB). It is also apparent that the target
routes adjusted by the grids in the adjustment area
play a transient role to guide the cars into a
temporally equal interval condition beyond the

20 adjustment reference time axis. The foregoing has
provided a detailed description of the target route
preparatiocon process based on Fig. 2.

With reference to the flowchart of the target

route preparation process in Fig. 20, the following

25 describes the flows of the target route preparation
process. At first, it is judged whether the target

routes are to be updated (S5T201). This step is

executed by the target route update judgment block



respective routes (COL1IN, CO21N, CO31N) go through

15 their post-adjustnent

target points (CO1lA, C02A and CO3A in Fig. 11B). It is also apparent that
t he target
transient ro
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routes adjusted by the grids in the adjustnent area play a

le to guide the cars into a tenporally equal interval condition
beyond the 20 adjustnent reference time axis. The foregoing has provided a
detail ed description of the target rou% _preparation process based on Fig.

e target route preparation process
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cuarrent tenporal phase value calculating 10 step Is executed

$e3keBnbe exeeyhedohy the 1‘%“rlrse'1>tectled829r1?c! @lﬁas@eVi?rﬁé‘e
target routes, a car number loop (ST202) is executed to
apply loop processing to each car. In the loop
processing, a current temporal phase value calculating
step is executed (ST203). This step is executed by the
current temporal phase value calculating block (103B)
described earlier with Fig. 2. When a current temporal
phase value of the last car is calculated, control
exits the car number loop {(ST204). Then, a temporal
phase adjustment value is calculated for each car
(ST205). This is executed by the individual car's
temporal phase wvalue adjustment amount calculating
block (103C) in Fig. 2. This processing is already
described in detail. Based on the temporal phase
adijustment values calculated for the respective cars,
an adjusted route preparation step is performed for
each car (5T207) by executing the car loop again
(ST206). This adjusted route preparation step is
executed by the adjusted route preparation block (103D)
in Fig. 2. This processing is already described in
detail as well. When the above-mentioned processing 1is
performed for all cars, control exits the car number

loop (ST208) to terminate the target route preparation



phase value of the last car is calculated, control exits the car nunber

| oop (ST204). Then, a tenporal 15 phase adjustnent value is calculated for
each car (ST205). This is executed by the individual car's tenporal phase
val ue adj ustnment amount cal culating block (103C) in Fig. 2. This processing
is already described in detail. Based on the tenporal phase 20 adjustnent
val ues cal cul ated for the respective cars, an adjusted route preparation
step is perforned for each car (ST207)” by executing the car |oop again
(ST206) . Thié adi g%t ed route preparation step is executed by the adjusted
route prepar t7R" Bl ock (103D) 25 in Fig. 2. This processing is al ready

described in detail aﬁl%ﬁ'Eef%@%Hth%oaQH%efq%%%%%ﬁ%dc&r%ﬁ_ én%)

performed for all cars, control exits the car I'oop (

terminate tha&éafggiomhepgae 88! LoBet 48 HeQeas e W ot oht ence 1o the

fl owmchart of OWI ng provi et ai'l ed descri pt| on of t he

target route e 0 r ar gety
updat ed by t QP QE gggﬂﬁgaagérﬁgggggk?yg%b% g%lng%iﬁgenguget routes at

certain igt e£¥§£§s I%E\y get gphihRgqt B @h%@“ﬁ%t‘%ﬁ‘@eeﬂ )t he iy et rqut e and
predi cted route of eath car (hereinafter, called the ‘inter-route distance)

and, if the bﬁagflﬁQUEEedtﬁngeﬁeréQt@éCQQd%e%t%@Jnt ainft Al ; ypdating the

target routes and a conbination of nmethods 1) and 2). & them
detecting the distance between the target route and
predicted route of each car (hereinafter, called the
inter-route distance)} and, if the inter-route distance

10 exceeds a certain value, updating the target routes;
and 3) a combination of methods 1) and 2). Of them,
Fig. 24 corresponds to method 3). Either method 1) or
method 2) may be executed by partly using method 3).
At first, a watch or timer is examined to check if the

15 predetermined update period has passed (ST601 in Fig.
20). TIf the update period has passed, the target route
update processing is performed (ST606). This
processing corresponds to the processing done by the
components downstream of the target route update

20 Jjudgment block (103A in Fig. 2}, or the processing
which is done (by the ST202 and subsequent steps in
Fig. 20) if the result of the update judgment (ST201)
is YES. If the update period has not passed, loop
processing is done through a car number loop (ST602 in

25 Fig. 24) to calculate the distance (inter-route
distance) between the target route and predicted route
of each car and judges whether this distance is not

smaller than a predefined threshold (5T603). The



Fig. 24 corresponds to nethod 3). Either nmethod 1) or nethod 2) may be
executed by partly using nmethod 3). At first, a watch or tinmer is exam ned
to check if the 15 predeterm ned update period has passed (ST601 in Fig.

20). If the update period has passed, the target route update processing is
performed (ST606). This processing corresponds to the processing done by
the conponents downstream of the target route update 20 judgnent bl ock

(103A in Fig. 2), or the processing™ Wi ch is done (by the ST202 and

T VES Tt tcﬁaespmqefﬂ%w#%fe?@fs{,%éé’%a 8P sbRen P hRe eyt & done
(iniorerout ot L abe bR THE TarGBLLF ot o BRADE 511?58‘5&&@?-83{ o o
Chr oshol d (SIS T 45 Geroth &t Shad 1R br £Falt 51 SERRAE] chetwben (he -

t t t d t d d t ind L di t h th
target routéTL s[‘%ﬁf Fob tie Breer 10ed LebaFe P TRPESUT M58 descr i bed
| at t | hor t
p?eggtgp§?ﬁ % res dé l%segféﬁoaﬁr gg%hefggpgpé§§ tanZtO;outg is so
d df h
‘nter- rout e X ne?%“?d‘#é’& 2%#%%%%?15 tﬁ’%%@ﬁﬁé THEBELFEEERY £8%603), e

target 10 rc%ﬁfbé%“%ﬁff@rfge§§iﬁ@kigt@@rfPSﬂEghéSg§lect£Beroute as

to require correction. If the inter-route distance of
any one car is beyond the threshold (38T603), the target
10 route update processing is performed (ST606). The
inter-route distance of each car is checked (ST&06).
If the inter-route distance of any car is smaller than
the threshold, the current target routes are used
without updating them (ST605). Two different policies
15 may be adopted in updating the target routes. One is
to keep the target routes always appropriate by
correcting them as necessary ('flexible target
routes'). The other is not to change the target routes
as long as possible once determined ('rigid target
20 routes'). Since either has both merits and demerits,
it is reasonable to appropriately set the two control
parameters, namely, the update periocd and inter-route
distance threshold described with Figs. 18A and 18B.
The foregoing has provided a description of
25 the target route preparation method, the core of the
target route-based elevator group supervisory control
of the present invention. The following provides a

description of how to prepare predicted routes which



inter-route distance of each car is checked (ST606). |If the inter-route
di stance of any car
routes are used w thout updating them (ST605). Two different policies 15
may be adopted in updating the target routes. One is to keep the target
routes always appropriate by correcting themas necessary ('flexible target
routes').
once determined ('rigid target 20 routes'). Since either has both nerits
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par aneters, nanely

The ot her

descri bed mﬁggrgigg.

of

25 the

target ro

is smaller than the threshold, the current target

is not to change t target routes as |ong as possible

r onabl e . p r ly ,set. conat
P%g%ﬁpggtg%ﬁggp dgggﬁﬁ#ﬁia%rcnl%égghéﬁg%égpfﬁgéshold
th8Aand 18B . Ihe foregoing has provided a description
ut € preparation nmethod, the core of the target

rout e- based el evat or ghg%pégg ?% E§%r¥g %ﬁ%&@d LAuddhe pr rifygntion

The follow ng provides a

tion of how to prepare predicted routes

miecpa; ggz BEEoRONS WAt od reR guidicRg pile actug, traj ect onjesy of the cars to
referencest opErgsrifig 6o $9g.219an¢:122+15 ROAQY g trKighed, firstly note
that predicted rout

described, Firgutdl b¥edplrleweartinshQw og fAhe Henefales COMd Al 1 ELELSSI Ng
flows of an el evator

t he

10

15

20

25

rout es.

describe
control

supervis
present

route pr
Preparat
Route Pr
predicte
routes w
In other
in the p
predicte
target r
the prot
target r
preparat

car on t

How to prepare predicted routes is described belowwth

es are prepared in two different cases. As already

group supervisory control systemin accordance with
d, Fig. 19 is a flowchart showing the general

processing flows c¢f an elevator group

ory control system in accordance with the
invention. In Fig. 19, there are two predicted
eparation processes: Predicted Route

ion Step A (ST104 in Fig. 19) and Predicted
eparation Step B (ST107 in Fig. 19). The

d route preparation step A prepares predicted
ithout assuming assignment to any hall call.
words, only the current condition is reflected
reparation of predicted routes. Such a

d route is used to judge its distance from the
oute and as a pre-adjustment target route or
otype (initial profile before adjustment) of a
cute to be prepared. The other predicted route
ion step B prepares a predicted route of each

he provisional assumption that the car is

assigned. Such predicted routes are used to evaluate

provisio

call occ

provides

nal assignments, for example, when a new hall
urs.
Referring tec Fig. 6, the following firstly

a description of how predicted routes are



10 present invention. In Fig. 19, there are two predicted route preparation
processes:. Predicted Route Preparation Step A (ST104 in Fig. 19) and
Predicted Route Preparation Step B (ST107 in Fig. 19). The predicted route
preparation step A prepares predicted 15 routes w thout assum ng assi gnnent
to any hall call. In other words, only the current condition is reflected

in the preparation of predicted routes, Such a predicted route is used to
judge its distance fromthe target rotf e and as a pre- adj ust ment target

route or 20 the prototyp n|t| profl before a nt of a target
route to be F%BQFES B¥ gh%tﬁgr dcf@& Folit's P 3pr q%‘?htlo gtep B prepares

a predicted d%gggl gggvecarI%nEH e %roy %%§ %§§§E£&hp%fgg¥ the car is

assi gned. Such-pré et Fout es aredised o & prOV|S|ona

assi gn”e”ts1af:?£v§§a€%% c‘é"ig%l%trl% RAldck GRlds f%%%%l? %ertgté‘g to Fig. 6,

the followng tirs rovi des a description how routes are -

48 prepared, ?tfiltn?@gﬂr%QE%%e@fr%‘ftr‘iv@rle%@%tH og%%g)%%ved Gdhed, above. In

Fig. 6, an es eac | oor arrival tine tlng 4B1
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usi ng: average s requency ata ppage tine dependent on the

current traf &b‘éacﬁ@?bhlﬂ%ﬂt 4Rt ancon kechaklrGalis Aselaned ! oud

respective cars (ha call -generated floors, etc ta on the car calls
on the hall calls assigned to the respective cars (hall

call-generated floors, etc.}; data on the car calls
occurring in the respective cars (car call-generated
10 floors, etc.); car condition data (current position,
direction, speed, etc.); each car's specification data
(rated speed, etc.); avallable car count/name data; and
service floor data (data on the floors to be served by
the respective cars). As a simple example, assume that
15 a car of concern in a four-floor building is stopped at
the first floor and is going to ascend. For
simplification, it is assumed here that it takes 2
seconds per story for the car to move and the car waits
t;‘ 10 seconds per stop. In addition, it is assumed that
20 the car is assigned to a hall call generated at the
second floor and a car call demanding transport to the
fourth floor is generated (by a passenger who has
entered the car at the first floor). The current
traffic condition is normal with relatively heavy
25 inter-floor traffic. Accordingly, the average stop
frequencies at the respective floors are assumed to be
- first floor (up): 0.25, second floor (up): 0.25,

third floor (up): 0.25, fourth ficor (up): 0.25, f£ifth



occurring in the respective cars (car call-generated 10 fl oors,
condition data (current position, direction, speed, etc.); each car'

etc.); car

S

specification data (rated speed, etc.); avail able car count/nanme data; and

service floor data (data on the floors to be served by
cars). As a sinple exanple,

building is stopped at the first floor and is going to ascend. For

sinplification, it is assunmed here that?it takes 2 seconds per story for

the car to nove and the car waits 10 seconds per stop. In addjtion,

assumed t hat £200trhddeyn)is Oadsirgheyritd 4 lpam (Eamn)gederatedBtrd he

floor and a car call denandin% transport to the fourth floor is generated
e

(by a passen§éPokhddrys) ‘eflt-&
traffic condition is norma
Accor di ngl y, 23RhaVa¥egggé tePop L SANEFGInErES Satt heh &
assuned to be - first floor (u
floor (up):
fourth fl gor (domn%:,O.ZS, hird, floor (down):
0.25. Here, £d Ei

stops at a given floor o
bui | di ng. Un8BF ?ﬁéé@aESHdFﬂmﬁﬁst
respective floors ar?acalcul%ted - first floor
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(up):
62s55tPesr 8k £1 §érefuf)oca. 25, thef gverase FYGdr (Ysn) :

of PEddEAAY - me ARESTh & DR SOTGH iSRS t he
the average during one 5 round trip in the
Bia Tad] mit SRS RSO 1 | A0

rakNgyEFaBe 18t &

are calculated - first floor (up): O(sec, second floor
(up): 2 sec, third floor (up): 14 sec, fourth floor
(up): 18.5 sec, fifth floor (turnaround): 30.5 sec,
fourth floor (down): 35 sec, third floor (down): 39.5
sec, seccond floor (down): 44 sec and 0.25, first floor
(turnaround): 48.5 sec. Reversely, these estimated
times of arrival at the respective floors indicate the
predicted positions cof the car at given future times.
Accordingly, in a coordinate system where the
horizontal axis represents the time while the vertical
axis represents the floor position, a predicted route
can be prepared by connecting the points each of which
is plotted according to the estimated time of arrival
at the floor position. Taking the above case, (t(sec),
y(floor)) points (0, 1), (2, 2), (14.3, 3), (18.5, 4),
(30.5, 5), (35, 4), (39.5, 3), (44.2, 2) and (48.5, 1)
can be plotted in a coordinate system with a horizontal
time axis (t axis) and a vertical floor position axis
{y axis). A predicted route can be prepared by
connecting these points. Although stoppage times are

omitted in this example, it is also possible to include

stoppage times in drawing the predicted route. If

t he respective
assune that 15 a car of concern in a four-floor

it is
second

d serengait leort Helominyst &4%0r ) HemRy current
with relatively heavy 25 inter-floor traffic.

YRSFe @l Vel He o0 ar e
0.25, second floor (up): 0.25, third

0. 25,

0. 25, second floor (down):

car

t he

up): 0 sec,,second fl oor



(up): 2 sec, third floor (up): 14 sec, fourth floor (up): 18.5 sec, fifth
floor (turnaround): 30.5 sec, 10 fourth floor (down): 35 sec, third floor
(down): 39.5 sec, second floor (down): 44 sec and 0.25, first floor
(turnaround): 48.5 sec. Reversely, these estimated tines of arrival at the
respective floors indicate the predicted positions of the car at given
future tinmes. 15 Accordingly, in a coos@inate system where the horizonta
axis represents the time while the vertical axis represents the floor

position, a ptegbetedtimete areannioé upleepaneddayi reoreegt ietgd theipos Nt s each
of which is plotted according to the estimated tine of arrival 20 at the
fl oor positibohe Pakdngtehe rabtee icagpeecpatreseaore Wddwmtdlypoints (0, 1),
(2, 2), (14.3, 3), (18.5, 4), (30.5, 5), (35, 4), (39.5, 3), (44.2, 2) and
(48.5, 1) carfberphgt bedki noaFdgor @i, nat @rsylStoemdrintdutae hrtizontal tine
axis (t axis) and a vertical floor position axis 25 (y axis). A predicted
route can becpiepdrtdnybdornkedliidg?2t heseppaiest o.refitdicadh attoppigea ti mes
are omtted in this exanple, it is also possible to include stoppage tines
in drawi n§ t herpngli thedaboutedebtribsd pstoppage tHamsesl are el uded by
addi ng stop end points, the predicted route is prepared nore accurately.
Ref erri ng baekttiimaEirgd. térea pfedirctedlr elt &hdatra spealtciaatlilngpid ock (104B2)
prepares predicted route data 5 through the above-described procedure based
on the estipatedlecadsbyf ther pesinat etheacsds déoive fiomrls time
calculating bilock (104B1l). To summarize the procedure,
the estimated times of arrival at the respective
S 10 floors, considered as the predicted positions of the
car at future times, are plotted in a ccordinate system
where the horizontal axis represents the time while the
vertical axis represents the floor position. A
predicted route is prepared by connecting the plotted
15 points. This predicted route can be regarded as a
function plotted in a coordinate system where the
horizontal axis represents the time while the vertical
axls represents the floor position. This function can
be expressed by y = R(t, k) wherein t, y and k {1 < k <
20 N: N is the total number of cars) respectively dencte
the time, the floor position and the number c¢f the car.
Then, the following describes the flows of
processing done by the predicted route preparation step
A to prepare predicted routes with reference to Fig.
25 21. Firstly, it is judged whether predicted routes are
to be updated (ST301). Since updating the predicted

routs every time imposes a great lcad on the processor

consisting ¢f a microcomputer or the like, this step



cal cul ated by the estimted each floor arrival time calculating block
(104B1). To summarize the procedure, the estinmated tinmes of arrival at the
respective 10 floors, considered as the predicted positions of the car at
future tines, are plotted in a coordinate system where the horizontal axis
represents the tinme while the vertical axis represents the floor position.
A predicted route is prepared by connecting the plotted 15 points. This
predicted route can be regarded as a- $lnction plotted in a coordinate
system where the horizontal axis represents the tine while the verti cal
axi s represeAl$SNRE ftrosPdsds thhen Prlichthciobit et PelexipEsed by y =
R(t, k) wherein t, { and k (1 <k <20 N Nis the total nunber of cars)
respecti vel y 1@&REVEL St He O REAMPRE /f 1Yot 55691 13 MAndt? HeA Wifrier of the car
Then, the follow ng describes the flows of processing done by the predicted
route prepar &8P§Ha8tdsl A%eE -pridpdite iy SRR ridutRE L Eh PR &PERER to Fig.
25 21. Firstly, it is judged whether predicted routes are to, be updated
(ST301). Sinéé GPGatTsYth@Iprdd UPEETS GNAIRK Ry TITHEr - hpfosksS atlif eat | oad

on the praocessor consisting.of a mcroconputer or the like, this step - 51
intends t0 updRCESEhe pPrleditctdd IGHIES 410 R IThPFPIHter vt ¥9or exanpl e,
0.5 sec) as not to ca subst anti al | oad. it is decided to performno

se a If i
update as t R@%Pedq £h6f SERS SANER e StF®yment Wbt rof Sexi terAHE 2 process.

It it is dec%%%dnh%b%%ragkgy%@S%%%W,C%g”égtimated each floor

arrival time calculating step {ST303) and an estimated
arrival time-based predicted route data calculating

10 step (S304) are executed for each car. These steps are
executed respectively by the estimated each floor
arrival time calculating block (104B1l) and predicted
route data calculating block (104B2) in Fig. 6. These
steps were already described in detail. When the

15 above-mentioned processing is performed for all cars,
contreol exits the process (ST30%). In this manner, the
predicted routes of all cars are appropriately updated
at certain intervals. Although new hall calls and car
calls occur irregularly, it is possible to apply proper

20 predicted routes depending on the situation by
following the flowchart of Fig. 21.

Fig. 5 shows the components of the predicted
route preparation section which implement the predicted
route preparation step B (ST107 in Fig. 19 to prepare

25 assignment-considered predicted routes). Conceptually,
the predicted route preparation step B is identical to
the predicted route preparation step A of Fig. 6 except

that each car is provisionally assigned and this



goes to the subsequent step. In this case, through a car nunber | oop
(ST302), an estimated each floor arrival tinme calculating step (ST303) and
an estimated arrival tinme-based predicted route data cal culating 10 step
(S304) are executed for each car. These steps are executed respectively by
the estimated each floor arrival tine calculating block (104B1) and
predicted route data calculating block;(104B2) in Fig. 6. These steps were
al ready described in detail. Wen the 15 above-nenti oned processing is

performed foprakliseansl ae@ilgndleraxiils AdTE PtREESSH (t$11é3qz5a?éﬂa&mzs nanner,
the predicted routes of all cars are appropriately update at certain

intervals. Abtheughphewikildd ealdts andmeayi fiealllls, occurtig riegtiardyy it is
possible to apply proper 20 predicted routes depending on the situation by
fol | owi ng thesf beweharnbnefl 1§ Gss2hndd Go & sheaws:d1ie «onponest smofed he

predicted route preparation section which inplenment the predicted route
preparation stiepsBofSEXRIvian REitg.t hkO reapaicafiale R @ssignent - consi der ed
predi cted routes). Conceptually, the predicted route preparation step Bis
i denti cal 5t ocallhaelptedi gbed amout=e ipragpalr alacon Stcep AxfiFlg.t finexcept that
each car is provisionally assigned and this - 52 provisional assignnent is
refl ected i nchheupnépagabilonk Af04Aals fredi afred proutiesiSpecifically, if the
ka-th car is provisionally assigned to a new hall call, estimated tines of
arrival at thesigspecti veflroats car €provisionally assigned car (ka-
th car) and hall call-generated floor and direction) in
addition to the input information required for the
e 10 preparation of an ordinary predicted route (information
described with Fig. 6). Further, based on the result,
predicted route data is calculated (by a predicted
route data calculating block). Each predicted route
obtained in this manner by reflecting a provisional
15 assignment can be expressed as a function R (t, ka) in
a time-floor position coordinate system. For each car
{other than ka-th car) which is not provisicnally
assigned, the same process as the process described
with Fig. 6 is done. Estimated times of arrival at the
20 respective floors are firstly calculated by the
estimated each flocr arrival time calculating block
{104A3) and, based on the result, predicted route data
is prepared by the predicted route data calculating
block (104RA4). Each predicted route obtained can be
25 expressed as a function R(t, k)(1 < k < N, k # ka).
Fig. 22 shows a flowchart of the predicted

route preparation processing which corresponds to the

above-described predicted route preparation step B.



5 calculated (by an estimated each floor arrival tinme calculating block
104Al) fromthe provisional assignnent information (provisionally assigned
car (ka- th car) and hall call-generated floor and direction) in addition
to the input information required for the 10 preparation of an ordinary
predicted route (information described with Fig. 6). Further, based on the
result, predicted route data is calcuHated (by a predicted route data
cal cul ating bl ock). Each predicted route obtained in this manner by
refl ecting arprstigi opabvi5iassilgaseigne@ntbg heXir esddd gserdwmtti on R (t,
ka) in a time-floor position coordinate system For each car (other than
ka-th car) whichrjsdnotcpioni seonall ynfassiagned, ddmeesanmngraocess as the
process described with Fig. 6 is done. Estimated tinmes of arrival at the 20
respective fpoorssapealilystabypigakdukated byrt he obstaimetded( Eaichl fl oor
arrival time cal culating block (104A3) and, based on the result, predicted
route data Estpmepadetibgsthé predivetledtr ciee réspe cdalveulfEidons dteck
(104A4) . Each predicted route obtained can be 25 expressed as a function
R(t, k)(15< ka<cNlake# kaped Phgthe2isHowsag ifdnowdTdOZ Jofartche predi ct ed
route preparation processing which corresponds to the above-described
predi ct ed ropredprepdr aphbn geép Bs cajgulpitest opsest o dilenal assi gnnent
(hall call-generated floor, direction, etc.) information concerning a
provi si onal | §sasBpgRedt kBeEhodarTird vebt ditnéde( SEHPECtive floors
(ST403). Then, a car number loop is executed (ST404)
to calculate the estimated times of arrival at the
- 10 respective flcors for each car excluding the
provisionally assigned ka-th car (ST403). Further,
based on the result, predicted route data is calculated
(ST406). This process is terminated after executed for
all cars excluding the ka-th car (3T406). Thus, it is
15 possible to prepare the predicted route of the
provisionally assigned ka-th car and the predicted
route of each k-th car not assigned provisicnally (1 <
k <N, 1 # ka).
The foregoing has provided a description of
20 how predicted routes are prepared. The following
describes the inter-route distance, an index of
nearness between a target route and a predicted route,
and the route evaluation function which is used as an
index in determining which car to assign. In the
25 conventional method, "assignment evaluaticon function”
To quantitatively evaluate each assignment to a call is

defined as a function of the predicted waiting time.

The control method of the present invention is greatly



Estimated tines of arrival at the respective floors are 5 cal cul ated based
on the informati on (ST402) and predicted route data is cal cul ated based on
the estimated tines of arrival at the respective floors (ST403). Then, a
car nunber loop is executed (ST404) to calculate the estinmated times of
arrival at the 10 respective floors for each car excluding the

provi sional ly assigned ka-th car (ST405). Further, Dbased on the result,
predicted route data is calculated ( 06). This process is term nated

afer execut gl Lore Rl o8as SXAUNG UG (000 (ST dhys: 1L 19 15

possi ble to prepare route provi sional Ty assigned ka-th

car o1 e BLedeingy ggube i rach bt hogncft o5 et g onl v (3

< k <N, i oi ng has provide 1on o

predicted royies,aLe) PLERAESd,  TRE ol QW A+ desfrd hes ddggg-route
! REArRess het woen A targ nd a

di stance, an index o et route predi cted

o e SREChoYLEsRYsbuabCaRalune ko Wi s efl am g gt

determ ni ng car to assign. assi gnment

eval uatiog function” Mtﬂu?@@e@c%hic\éel% gualuatig Lachy assi gt to a call

is defined as a function of the predictedwaiting ;lne._'The control method
of the present;ipyepti bty gRkky ipedd creharadenigad iy dhatce assi gnment

eval uation function”™ Is ned as a function of the quantity (inter-route
an index to represent the nearness between a target
route and a predicted route. Route distance
calculation methods are shown in Figs. 18A and 18B. A
10 description is made of Fig. 18A at first. In the graph
of Fig. 18A where the horizontal axis represents the
time while the wvertical axis represents the floor
position, a target route R*(t, k) (where, t: time and
k: car number of the car) is drawn as a trajectory F01l1
15 and a predicted route R(t, k} is as a trajectory F(C1l2.
From Fig. 18A, the area sandwiched by the target route
and predicted route is considered the most appropriate
index to indicate their nearness. Apparently, the area
decreases as the two routes come closer to each other.
20 When the two routes agree with each other, the area is
zero. Accordingly, the area sandwiched between the
function R*(t, k) representing the target route and the
function R(t, k) representing the predicted route is
defined as the inter-route distance. The area can be
25 obtained by integration. The integration may be done
along either the time axis or the £floor height axis.

In Fig. 18A, the integration is done along the time

axis. This integration is given by



di stance) representing the target route-to-predicted route nearness instead
of the predicted waiting tine. 5 Wth reference to Figs. 18A and 18B, the
following firstly describes the inter-route distance, an index to represent
t he nearness between a target route and a predicted route. Route distance
cal cul ati on nethods are shown in Figs. 18A and 18B. A 10 description is nmade
of Fig. 18A at first. In the graph of gig. 18A where the horizontal axis
represents the tinme while the vertical“axis represents the floor position,
a target route R*(t, k) (where, t: tinme and k: car nunber of the car) is
drawn as a trajectory FO1l 15 and a predicted route R(t, k) is as a
trajectory FO12. F“”Wfﬂ£kt}&é11 {@qeg)ﬁggdmﬁched by the_ggrggh)route

and predicted route is considered the nost appropriate index to indicate
their nearness. Apparently, the area decreases as the two routes cone

" closer to each other. 20 When the two routes agree with each other, the area

s zero. Accordingly, rBea3ceR ARt Ghed BMREEIP ARG AR (1, K)

representing the target route an he function R(t, k) representing the

predicted rogigei 8o Qﬁéiﬁﬁﬁu§§mhﬂ%iﬂ@f@ﬁﬁ&&ﬁ%ﬁﬂkﬁ%@ﬂ%@-EHH%?¥§@-C3” be 25
obtained by integration. The integration may be done along either the tinme

axis or the £heogrbgi ght ta%l adjukhnkng 2334 ilshedutie@ation is done al ong
the tinme axis. This integration is given by - 55 J{R*(t, k) - R(t, k) }dt
(14) 5 Accordingly, the area to be calculated is shown in Fig.
18BA as vertical line-filled regions sandwiched between
the target route R*(t, k) (FO01l) and the predicted
route R(t, k) (F012). L[R*(t, k), R(t, k)] is here
used to denote the inter~-route distance between the

10 target route and the predicted route. LI[R*(t, k), R(t,

k}] is given by the following equation.

LIR*(t, k), R(t, k)] = J{R*(t, k)
- R{t, k)}dt ... {(15)

(integration interval = adjustment area)

15 - In actual calculation by a microcomputer or
the like, the above-described integration is realized
approximately by adding up the areas of rectangles.
For example, assume a rectangle (F013) of length At in
the direction of the time axis, sandwiched between the

20 target route and the predicted route. AS is used to
denote the area of this rectangle. AS is given by the

following equation.

AS = {R*(t, k) - R(t, k)} x At



The area in the tinme range fromthe present tinme to the adjustnent
reference tine axis, that is, the area in the adjustnent area is obtained.
5 Accordingly, the area to be calculated is shown in Fig. 18A as vertical
line-filled regions sandw ched between the target route R*(t, k) (FAIl) and
the predicted route R(t, k) (F012). L[R*(t, k), R(t, k)] is here wused to
denote the inter-route distance betwe the 10 target route and the
predicted route. L[R*(t, k), R(t, k)] is given by the follow ng equation. L
[R* (t, k) , R(t, k) ] = J{R (t, k) - R(t, k)}dt ... (15 (integration
interval = adjustnent area) 15 In actual calculation by a nicroconputer or

the |ike, the above- de§8&hb§drbEE§Q§§%'9% IS¢ el 280 AR

adding up the areas of rectangles. “For exanple, assune a ectangle (F013)

of length At t of ax )b t he 20
t ar get routetg%daﬁﬂgsg?ggﬁc?ggarou?gg k%qﬁg égzgq?%Q g@ﬁgﬁ% tﬁ%ﬁgsga of this

rectangle. AS;igughven Qﬁp&@ﬁlmEQEE?WbQQa@@H%b'%@ A2 adRs s Ker R(t, k)

J x At - 56 Such a rectangle is cut out for évery At over the adjustnent

area. The valgetghgegyati 9Aiclaktean ban 6ol ewbabed2pp0xHmt el y by adding
up the areas of such rectangles. This nethod can be expressed by the 5

foll ow ngseqEalieRing equation.

L[R*(t, k)r R{t, k)] = ZAS = Z{R*(tr k)
- R(t, k)} x At
(Rectangles are cut out over the adjustment area.)

(16)

10 In the case of Fig. 18B, integration is done
along the floor position axis. Symbol y is used as a
variable representing the floor position and R*(y, k)
and R(y, k} to denote the target route and the
predicted route, respectively. Accordingly, the inter-

15 route distance is given by the following equation.

LIR*{y, k), R(y, k)1 = [{R*(y, k) - R(y, k)!}dy

(integration interval = all floors) e (1T

As apparent from Fig. 18B, when integration is done
along the floor position axis, R*(y, k) (and R(y, k) as
20 well) can take two or more values for the same y value.
This must be considered in actual calculation.
Therefore since this integration along the floor

position axis involves complex processing, integration



LIR* (t, k) , R(t, k) EAS = {R* (t, k) - R(t, k)) x At 4.. (Rectangles are
cut out over the adjustnent area.) ... (16) 10 In the case of Fig. 18B,
integration is done along the floor position axis. Synbol y is used as a
vari abl e representing the floor position and R*(y, k) and R(y, k) to denote
the target route and the predicted route, respectively. Accordingly, the
inter- 15 route di stance is given by t@f follow ng equation. L[R* (y, k) ,
Ry, k) ] = J{R (y, k) - Ry, k) }dy (integration interval = all floors)

%i60§1;LSItI8§8§ r%ﬂgRiéﬁg]F%qf i%gﬂﬁgﬁ%ﬂﬁ QEﬁg meﬁﬁ% can‘?fkeq%gggoihﬁnre

val ues for tngeaagg gc¥ﬁgge ggls must be conS|dered in actual cal cul ation.
Therefore since this integ ration along the floor position axis involves

conpl ex processing, |nhgg5a§bg@ren§g t@l % thgigﬂg;fglqjggquatlon (15) or

(16)) should be wused i n actual cases. reference to Figs. 7 and 23, the

fol | owing_proyhdeg;a detaiheds d%setelt@&u% Afeddhia FOE o WiStangs

i ndex-based route ev ation unctlon calc section (105 1n Fig. 1)

whi ch cal eul gt e$ankhe; ¥akuerakebheass QRN 8\ ualian dinction to
eval uate each provisional assignnent by using Inter-

calculating section (105 in Fig. 1) which calculates
the value of the assignment evaluation function to
evaluate each provisional assignment by using iﬂter—
route distances. This processing corresponds to the

10 route evaluation function calculating step (ST108 in
Fig. 19) where for each provisionally assigned car, the
inter-route distances between the target route and
predicted route of the provisionally assigned car and
between those of each non-assigned car are calculated

15 and, based on the result, the rcocute evaluation function
is calculated. Referring to Figs. 7 and 23, this route
evaluation function calculating process is described
below in detail. In Fig. 7, it is assumed that the ka-
th car is provisionally assigned. From the ka-th car's

20 target route data R*(t, ka) and predicted route data
R(t, ka), the inter-route distance L[R*(t, ka), R(t,
ka)l is firstly calculated by an inter-route distance
calculating block 105A. Stopping of the car due to the
provisional assignment is reflected in the predicted

25 route data R{t, ka). The calculated inter-route
distance L{R*(t, ka), R(t, ka)]l is converted to an
absolute value [L[R*(t, ka), R{t, ka)li by an absolute

value calculating block 105B. In addition, for the



route distances. This processing corresponds to the 10 route eval uation
function calculating step (ST108 in Fig. 19) where for each provisionally
assigned car, the inter-route distances between the target route and

predi cted route of the provisionally assigned car and between those of each
non- assi gned car are cal culated 15 and, based on the result, the route

eval uation function 1is calculated. ReS&r+ring to Figs. 7 and 23, this route
eval uation function cal culating process is described belowin detail. In
Fig. 7, it iscassssednekatk-tthe dea- (tth <cdr 4 ¥,priov siaondl |5y tassilgned. From
the ka-th car's 20 target route data R*(t, ka) and predicted route data
R(t, ka), thaumpesr ofogtlevditorasaa sl ReMt 1k - Rute kpfaneefirstly

cal cul ated by an inter-route distance calculating bl ock 105A. Stopping of
the car due £élcHdatpngybdicskall 0aésicgirartatios ridfq dattar i¥PuttRe predicted 25
route data R(t, ka). The calculated inter-route distance L[R*(t, ka), R(t,
ka)] is convédsgance aiR*dbsolkute Ridl u&) LR thea)k-tHtcaka®d]j by an
absolute value calculating block 105B. In addition, for the - 58

non- assi ged tRTORtcEPULE dafac RY| (te &KIkandvpradigled differ dAtal evat or
cars), an inter-route distance calculating block 105C cal cul ates the
inter-route Rditstdce IPR: LRy roREE AOTEFEML HE Kent HiloarR &85 Hlak get
route data R*(t, k) and predicted rqute data R&L, kéﬁ The inter-route

di stance L[ Rift CORYEIREF tR) P RS SCIMFSr téd o ldnlBabdol utle altre 1L[R (1,

). R, k)1l by an absoclute value calculating block 105D. The
absolute inter-route distance of each car excluding the
10 ka-th car is calculated in this manner and added up by

a sum calculating block 105E. This sum is expressed as

below.
ZIL[R*(t, k), R(t, k)1l {1 < k < N, k # ka, N
= total number of elevator cars) ve.. (18)
15 The result obtained by the absolute value

calculating block 105F and the result cbtained by the
sum calculating block 103E are added by an addition

N calculating 105B to calculate the route evaluation
function ®R(ka) to evaluate the provisional assignment

20 of the ka-th car. The route evaluation function @R (ka)

is expressed as below.

®R(ka) = |L{R*(t, ka), R(t, ka)ll +
IXIL[R*(t, k), R{t, k)1l (1 < k <N, k # ka, N =

total number of elevator cars) L. (19



k)] by an absol ute val ue cal cul ati ng bl ock 105D. The absolute inter-route
di stance of each car excluding the 10 ka-th car is calculated in this manner
and added up by a sumcalculating block 105E. This sumis expressed as
below. EIL[R*(t, k), R(t, k)]l (1 <k <N, k # ka, N total nunber of

el evator cars) .... (18) 15 The result obtained by the absolute val ue

cal cul ating bl ock 105F and the result ggtalned by the sumcalculating bl ock
105E are added by an addition calculating 1058 to calculate the route

eval uation function (BR(ka). tQLvalual ¢ he AQVigl analy asshgnneay 20 of

the ka-th car. The route eval uat| on function DR(ka) 1Is expressed as bel ow.

cDR(ka) = ILEBE@EntK%halRQ%G1@%Hént+edéﬂd&ﬂ?ﬂ@ fdﬁctfgﬁ; fﬁ]is(l <k <N k

# ka, N = total nunber of elevator cars) .. In the case of a

predi cted wailbRgali B Wsed uaa@nwenti enal pﬁ%’iﬂl@l@ﬁll@y%é@idjﬁ@dféﬁ‘ﬁt' on, it
is typical to evaluate only the provisionally assigned car “(only the fi rst

termin the géﬁQyOfth%qli@tﬂsQn ted}) )in Ithed dhe caseqiattihh i pigyrroute
di stance-used asSignnment evaluating function according to the present

inventions ihel sagRabacteld 2ed drit ddidle a1 AVAldBNI QY tLE 4 d@fieON- assi gned
cars (corresponding to the second termin equation (19)) is added to the
eval uation teralhiek1Q FiedtSioenaldoprassiggned ¢ .present invention,
it is characterized in that an evaluation term for non-
assigned cars (corresponding to the second term in
equation {(19)) is added to the evaluation term for
10 provisionally assigned car.
Fig. 23 shows a flowchart of the route
evaluating function calculating process described with
Fig. 7. 1Its flows are briefly described below.
Firstly, information about the provisionally assigned
15 ka-th car (provisionally assigned hall call-generated
floor, direction, etc.) is obtained (ST501). The
inter-route distance L{R*(t, ka), R(t, ka})] of the
provisionally assigned ka-th car is calculated based on
the information and converted to an absoclute value
20 (8T502). Then, a car number loop is executed for each
car excluding the provisionally assigned ka-th car
{(ST503). Within the car number loop, the inter-route
distance L[R*(t, k), R(t, k)] of the k-th car is
calculated and converted to an absolute value (ST504).
25 Further, this value of each car is added up (ST505) by
repeating the car number loop until the processing is
done for all cars (ST506). When the processing is

complete for all cars, the route evaluation functicn



Fig. 23 shows a flowchart of the route

eval uating function cal cul ating

process described with Fig. 7. Its flows are briefly described bel ow.
Firstly, information about the provisionally assigned 15 ka-th car

(provisionally assigned hall call-generated floor, direction, etc.)
obt ai ned (ST501). The inter-route distance L[R*(t, ka), R(t, ka)] of the

provi sional ly assigned ka-th car

i slua)rﬁtllcyuh@tsef@n?eﬂ &ddihgcar

is

is cdlcw ated based on the information and
converted to _an absol ute value 20 (ST502). Then, a car nunber |oop is

execut ed for Deddde) @Hirvesx dvudidg tlsa pir
(ST503). Wthin the car nunber | oop, the inter-route distance L[R*(t,

k) ,

R(t, k)] of the Rbemleae valugall &iRAtEd &Ad . cEriver ted ltleTarkhsol ute val ue
(ST504). 25 Further, this value of each car is added up (ST505) by

fepeating t heDE&E-KaHBEr dig6prat Plf the prevésdionglily afsnies

ka1 cars

(ST506) . When the processing i nplete for all cars, the route eval uation

function - 606 EBR( EQ) t§rvERTD |éd@at iton K)29)R fits dal lcul @ eeh®y addi ng

absol ute val ue I L[ R*( ka) ]I of the |nter-route dlstance of the

R(t
provi si onal | §° é@%PéﬁeHaQHe Ph %5? ﬂBtFﬁer§HﬁﬁEﬂEFﬁ@ﬂ? B R By 1
5 absol ute valu f the inter-route stance of each ca excl udi t he
i TuRt Rt Rl PRoYA P LPEFa0Y) 25S8g0Eg Ja o G e oat i

provi si onal | §*&

t he

of the

uat 1 on

function (DR(ka) (1 < aésy)onN 5R?ng%5§¥gg§é§ggn %%né%logm$§h car is to

be assigned to the hal

10

15

20

25

{1 < k < N) described above, it is decided which car is
to be assigned to the hall call. N ®R(ka) values are
calculated. The smallest ®R(ka) value indicates that
the assignment would make the target routes of the
respective cars closer to their predicted routes than
the other assignments. Accordingly, a car which
minimizes $R{ka) 1s selected as the car to be assigned
te the hall call of concern. This process is executed
by the assignment elevator selecting unit 2 in Fig. 1,
To finalize the detailed description of the
control components of Fig. 1, the following describes
the target route specification setting section (102 in
Fig. 1) in detail with reference to Fig. 4. In Fig. 4,
a route specification selecting block 102A, based on
the current traffic data and time data, selects the
most appropriate route specification from a route
specification database 10ZB. As the route
specification to be implemented, this specification is
output to the target route preparation section (103 in
Fig. 1}. In the route specification database 102B,

several route specification patterns (hereinafter,



10 cal cul ated. The snall est cbR(ka) value indicates that the assignnment
woul d nmake the target routes of the respective cars closer to their

predi cted routes than the other assignnments. Accordingly, a car which
mnimzes (DR(ka) is selected as the car to be assigned 15 to the hall call
of concern. This process is executed by the assignnment el evator selecting
unit 2 in Fig. 1. To finalize the detajled description of the control
conponents of Fig. 1, the follow ng describes the target route

speci ficati ogeﬁ%%zgS;ggbitgnmg%@%_)i %reZ%t%ir%q é% :Cn%d)degtﬂ h with reference

to Fig. 4. 1 route specification se lI'ock™ 102A, based on

the current Lyatiie,data gedct LR data, Sakeghs the Jiosl. anprgpriate foute

specification froma rou speci fication database e route 25

speci ficati oghégngggi %Eﬁﬂ?%gdi’c%}n@g?gﬁﬁ%ciequ%qt iiq&é'ls‘,aloqlcmg? tohdde target

rout e preparatl ction B _ n the route SpECI ication
dat abase 102Bgopsexer akbskoyheqsRecikhicat '&%cﬂ@litrlerﬂ%e(%cﬁéé?géc?r’ - 61

denoted as route nodes) are stored to"cope wth different traffic

condi tiong ipohie RAYELIBgs2Thalinks, sthbhey vk e ude ) Ly ahdde equal
interval route node 102Bl1 as described already, clock-in tine-addressed 5

route node 193B23, | unahnstak! thneeaaddcaseed e de 10L4283, |unch end
ti me-addressed route node 10284, special traffic A-addressed route node

10285, and speeial trakkie B-addressed wouie mRiR 12BS, Hiai

special traffic B-addressed rcoute mode 102B6. The
temporally equal interval route mode 102Bl1 is the most
10 basic mede and its specification intends to put the
routes of the respective cars in a temporally equal
interval state. Normally, this temporally equal
interval route mode 1is selected. The clock-in time-
addressed route mode 102B2 prescribes a specification
15 to cope with the up-peak type of traffic which occurs
at the beginning of office hours. Likewise, the lunch
start time-addressed route mode 102B3 prescribes a
target specification to cope with the down-peak type of
traffic which occurs during the first half of the lunch
20 hour while the lunch end time-addressed route mode
102B4 is for the last half of the lunch hour which
shows both up-peak and down-peak types of traffic.
Further, the special traffic A-addressed route mcde
102B5 and special traffic B-addressed route mode 102Bé6
25 prescribe target specifications to cope with special
types of traffic unique to the building.
The foregoing has described the control

configuration and processing of the first embodiment of



tenporally equal interval route node 102Bl1 is the nost 10 basic node and its
specification intends to put the routes of the respective cars in a
tenporally equal interval state. Normally, this tenporally equal interva
route node is selected. The clock-in tine- addressed route node 102B2
prescri bes a specification 15 to cope with the up-peak type of traffic which
occurs at the beginning of office hpu§%._Likemﬁse, the lunch start

ti me-addressed route node 102B3 prescri‘bes a target specification to cope

W th the do"‘@ﬁ%ﬁ?k%;&éﬁg ?hgefﬁc%&i grl']lg%it %%1‘1%&3&&%@0'%'1{{9:&1“%&3{69“ hal t of

the lunch 20 unc i me-addressed route no 102B4 i s

for the Iasth?%%toEOEgﬁgk?Bgﬁegogh %Qthl shqus -ggﬂg and down- peak

types of tra urt e special’traffic A-address route node

102B5 and spegi byt ha! GLs-B1BAdr @sed aqule viRdeHIZRG ?a_%&r&ﬁ%ib@otarget
specifications to cope wth special types of traffic unique to 1he

bui I di ng. Thenfopegobng hasedesehl bBYF e ntor il + HOMJBrTALl Ak and
processing of the first enbodinment of - 62 the present invention (new

col lective cephteblugzipg rbabgehceodbes) Jaasadondd A.08L. lMipunmey, the
foll ow ng descri bes what nmakes the contrdol according to the present

invention differedtateemhbetgeneentioonal-usceordndrol tbdefer efce to Figs.
| OA and 10B. Fig. 10A illustrates the target route-used control concept of
the present tR¥eptkosnenianefpebat odnadi agead®tion diagram.
Likewise, Fig. 10B illustrates the conventional control
concept on an operation diagram. In the case of the
10 target route-used controel in Fig. 10A, since routes
which should be taken by the respective cars in the
future are determined as target routes, it is possible
to control the respective cars by considering their
future movements based on the target routes. More
15 specifically, since the target routes are determined so
as to put the cars in temporally equal interval state
along the time axis, the respective cars can be kept
stably in temporally equal interval state, reducing the
possibility of long waits (longer than, for example, 1
20 min) occurring in the future. In the case of the
conventional control method, however, evaluation of a
car assignment to a newly generated call is basically
made based only on the waiting time for which the call
is predicted to wait as shown in Fig. 10B. The future
25 situation of the cars is not taken into consideration
in this evaluation. Therefore, since the future

trajectories of the respective cars cannot be

controlled, this method 1s likely to cause a string-of-



Li kewi se, Fig. 10B illustrates the conventional control concept on an
operation diagram In the case of the 10 target route-used control in Fig.
10A, since routes which should be taken by the respective cars in the
future are determned as target routes, it is possible to control the
respective cars by considering their future novenents based on the target
routes. Mire 15 specifically, since t target routes are determned so as
to put the cars in tenporally equal interval state along the tinme axis, the

respective ng?SCégB??FFgngiﬁ%ggg§ébgsE?%p%%%guﬁ¥%¥ﬁy déternval state,

reduci ng the ~possi onger ‘than, “for example, 1 20 mn)

oceurring | nyAhes UL 1] g 188ER" s peamtentionalysontrol et hod.

however, evaluafion o assi nt to new y generated call is

b k | | . . ) . -f H . i
asi cal |y gdengaseda by canchiesualibng klae skor quhiceh Lhegaldivd s

e
predicted to wait as shown I n Fig. uture Situa he cars

s not takenchpbo SOASLOBRALI 89a1LrtBES 18VAMA! LN onENE) 0N, i NCE the

future trajectories of the respective cars cannot be con this

method isslikely £P-CRHSRLE SN LABROM con®InuedlisS edidil O dHicr easing the
possibility of long waits occurring. Although sone prior art control

nmet hod eval uptesréherfytutgrskbbuati aRtobokhRepi@SPAGlKive idars, since this
evaluation is done at one or plural 5 discrete points of time, continuous
control of therrigtutetdbr 8Laplor kespi §hBOtap@SShbltemp®kiing idqual
interval state. Also apparent from comparison between
Fig. 10A and Fig. 10B, more information (future target

10 routes and predicted routes drawn continucusly along
the time axis) is used in Fig. 10A to evaluate the car
assignment. As a matter of course, it is therefore
possible to implement control by taking into the
account the current situation which may widely vary.

15 Finally, the following provides a
supplementary description of characteristics of target
routes prepared by the target route preparation method
of Fig. 2. As an initial route {(also called a pre-
adjustment target route) to prepare a target route, a

20 predicted route is applied in the target route
preparation methed of Fig. 2. As described with Figs.
5 and 6, this predicted route is prepared by using data
which reflect the current traffic situation, namely,
average stop frequency data on an each floor/direction

25 basis and average stoppage time data (in addition to
data on hall calls already assigned and data on a

generated hall call). Therefore, the current traffic

situation is reflected in the profile of the predicted



difficult to stably keep the cars in tenporally equal interval state. Al so
apparent from conpari son between Fig. |I0A and Fig. 10B, nore information
(future target 10 routes and predicted routes drawn continuously along the
time axis) is used in Fig. 10A to evaluate the car assignnment. As a matter
of course, it is therefore possible to inplenment control by taking into the
account the current situation which w dely vary. 15 Finally, the

foll owi ng provides a supplementary description of characteristics of target

rout es Prepacedily the,t atdebiLoULe RECDUALLAN PNt Blolihy s A5 an

initial route galso ca ré- “adjust ment tar route) to prepare a

target routes ﬁc%otﬂ%ega‘ft%gob%u%gnfo%ta%& drind Nond ety g out e

preparation nethod 0 escri be 5 an 6 this

predi cted rouechaipgeRared by«usi Agedety 1", a{aé:éer?] gent traffic

situation, nanely, verage stop frequency data on &an eac oor/dlrectlon
25 basi s and;guekage:SkBBage themedald dan a%ddéalc%rprhﬁp%r det g onehal | calls

al ready assigned and data on a generate Ther ef or e, the current

traffic situatiban pes@-,eht;e%eenung e eraefw k& afhd ftelﬁ@dﬂfd&ld) route.
For exanpl e, at the begi nning of fice hours, since the car stops aInDst

only while tBﬁecﬁEofileaéﬁeﬂﬂbn@rédl%te@f&%Mt%h@mﬁﬂ&ar .M@SJ sSengers at
the first floor, the car stops at each upper floor to nl oad passengers
and goes bacmbpet hayl/tst sf hogbkitive small value) and a steep

downhill slope {(Ay/At is a negative large value).

Since a target route is prepared by adjusting the grids

10 of this predicted route in the adjustment area, the
profile of the target route reflects the traffic
situation at that time. For example, at the beginning
of office hours, the profile of the target route has a
gentle uphill slope and a steep downhill slope,

15 reflecting the traffic situation at the beginning of
office hours as well. During the first half of the
lunch time and at the end of office hours, the profile
of the target route has a steep uphill slope {average
stop frequency low) and a gentle downhill slope

20 (average stop frequency high), reflecting the traffic
situation at that time. That is, the target route
preparation methed shown in Fig. Z can prepare
appropriate target routes by reflecting the current
traffic situation. In the target route-based control

25 method according to the present invention, the method
for preparing target routes as reference routes has a

great influence on the control performance. The target

route preparation method of Fig. 2, capable of



the profile of the predicted route has a gentle uphill slope (4y/4t is a
positive small value) and a steep downhill slope (Ay/At is a negative |arge
value). Since a target route is prepared by adjusting the grids 10 of this
predicted route in the adjustnent area, the profile of the target route
reflects the traffic situation at that tine. For exanple, at the beginning
of office hours, the profile of the target route has a gentle uphill slope
and a steep downhill slope, 15 reflecting the traffic situation at the

begi nni ng ofaagggggg%pogéalg§tggblthgugngfHQe'@qﬁgtﬂgﬂf of the lunch tine

and at the en C ours, the profile of the tardet Toute has a steep

uphi |1 S|°pecS?¥§8898d §%98h%E%gE$P%%'|OMD and a gentle downhill slope 20
[ , re

(average stop frequency ecting the traffic situation at that

time That is. the targgl rgyie.iRgeRRLALIGR MRINC Shou igkde. 2 can
b I he curre

prepare appropriate target routes by reflecting t traffic

situation. IBp,bhe,tanget cHaut-81based cg0RRIradgraidod aceaiding to the
present invention, the ' nethod fof preparing target routes as reference

routes has asmgh8¥hehbf buenge prekBarcantel iRRr.f ormNGRhE target route
preparation nethod of Fig. 2, capable of - 65 accurately reflecting the

traffic situabheRoll sone9Rsirderned wer ynef kecnve embiRiifd]towag describes an
el evator group supervisory control systemaccording to a second

identical to that cf the first embodiment of Fig. 1
except for the target route preparation method
implemented by the target route preparation section 103

10 in Fig. 1. The target route preparation method in the
second embodiment is described below with reference to
Figs. 3, 16 and 17. Firstly, refer to Figs. 16A and
16B where the target route preparaticn concept of the
second embodiment is shown. Fig. 16A shows the profile

15 of a pre-adiustment target route (an initial route to
prepare a target route). Like in the first embodiment,
a predicted route at that time is used as the pre-
adjustment target route. Fig. 16B shows the profile of
the target route that is adjusted. The difference

20 between the target route profile by the second
embodiment in Fig. 16B and the target route profile by
the first embodiment in Fig. 11A appears on the present
time axis. In Fig. 11B (first embodiment}, each target
route is drawn from the current position of the car.

25 In the case of Fig. 16B (second embodiment), each
target route is not drawn from the current position of

the car. This difference is attributable to their

different policies about target routes. 1In Fig. 1l1B



5 enbodi nent of the present invention. The general control configuration of
the second enbodinent is identical to that of the first enbodi nent of Fig.
1 except for the target route preparation nmethod inplenmented by the target
route preparation section 103 10 in Fig. 1. The target route preparation
method in the second enbodi nent is described below with reference to Figs.
3, 16 and 17. Firstly, refer to Figs. A and 16B where the target route
preparation concept of the second enbodinent is shown. Fig. 16A shows the

profile 15 of RpBEecARLSLARDY oLl aute (8 LA LOU g L0 i opare

target route e’ln t e cte e a hat time

5 Used 25 1Dg,pES. AOLULERL LaLgel CoUL g, Buon 198 st e profil e o

the target rou he "d ence etween the target

route profiI§%%¥¥gggssgﬁo§gde§nggqg Qg?i?fikgg%%qglgnn%ﬁ$%ltarget route

profile by 1rst enmbodinent in Fi ars e present tine

axi s In P 9inddBulll £3LeIbOgMent) ochREh ALgel s UL ik drudd om the

h
current position o e car. 25 In the case of Fig. 16B (secon odi nent),

each targetefQYliSnbat POt tALAWA HEOMANE CULIERY RROSIIQL Ahatt ReyLar. This
difference is attributable to théir differént policies about target routes.

In Fig. 11B 386 skhbhiat regeadi ment b afihe 1bangelyd, owtes tidide transi ent
routes that the cars should take fromthe current positions in order to
settle in teppgrakl ynegygl 11B (first route) are 'kind' target
routes which guide the cars from the current positions
into temporally equal interval state. The target
10 routes in Fig. 16B (second embodiment) do not have such
a guiding part. Only the final target routes are shown
to indicate “anyway follow these routes". These
different policies result in different start points
{current position and not current position of the car)
15 of each target route.
The cars can be controlled so as to follow
such target routes as used in the second embodiment.
This is described below with reference to Figs. 17A and
17B. Figs. 17A and 17B show a target route and the
20 subsequent actual trajectory of the car. 1In Fig. 17A,
the subsequent actual trajectory of the car indicates
that the car is not assigned many times, namely, not
stopped many times. In the case of Fig. 17B, the car
is assigned many times and therefore stopped many
25 times. Apparent from comparison between Fig. 17A and
Fig. 17B, the deviation of the actual trajectory from

the target route is smaller in Fig. 17B. As described

earlier, assignment control according to the present



interval state. On the other hand, in Fig. 16B (second 5 enbodi nent), the
target routes provide routes that the cars should reach. In plain |anguage,
the target routes in Fig. 11B (first route) are 'kind' target routes which
guide the cars fromthe current positions into tenporally equal interva
state. The target 10 routes in Fig. 16B (second enbodi nent) do not have such
a guiding part. Only the final target £ utes are shown to indicate "anyway
foll ow these routes". These differéﬁt'ngicies result in different start

poi nts (cur ggal POSL! 9 884 oL CUr LeNt ROSI N Of, theyGar). s 45 of each

target route. ¥ e cars can be controll'ed so as to ow suc arget routes

S, 0 e ) T Sy AN At g once

Figs. 17A an show a target e an 0

subsequent a?&%’.‘ﬁlett L8LEEt OF Y@l e Caln R T Gk od N bbgequent actual

trajectory o € car indicates "that the car i s not assigned nany tines,

namely, not gt 999%%%@%‘1?{;%5?% kR the Lase C’tfzéx? %a:ﬂa%s&ﬁfd)cafn s

assigned many tines-a ore stopped nany nes. Apparent from

conpar i sog bgg}%{?emgi_g. cbABednhhg- t%éFiactt'ﬁ%ld%‘éuactéls‘;rf&ﬂclcwecr?ec.t ual

trajectory fro the target route i's snaller in Fig. B. As described
earlier, assigpgeRt (6ORLLCI 26GRr disNdche Lhe sPIeseMe ik rduantdon sel ects

such a car as t0 make the deviation (inter-route distance) of 1ts predicted
route fromthe to follow such target routes as prepared in the
second embodiment.
The control configuration of the target route
10 preparation section in the second embodiment described
above is illustrated in Fig. 3 in detail. 1In Fig. 3,
the components identical to those in Fig. 2 (the target
route preparation section in the first embodiment) are
given common reference numerals and not described here.
15 That is, a target route update judgment block 103A,
current temporal phase value calculating block 103B and
individual car's temporal phase value adjustment amount
calculating block 103C in Fig. 3 are identical in
processing to those in Fig. 2 (first embodiment). An
20 adjusted route preparation block 103E is unigue. In
the adjusted route preparation bleck 103E: 1) target
points on the adjustment reference time axis are
calculated by an each car's target point calculating
part 103El; 2) target route grids are calculated by a
25 target point-based grid position calculating part
103E2; 3) grids are connected by a target route data

calculating part 1C3E3 tc calculate target route data.

The following provides a detailed description of how



target route. Therefore, control should be done so as to assign many calls
to this car (2nd car assuned) in 5 Fig. 17B. Consequently, the actual routes
followthe target routes. That is, the cars can be controlled so as to
foll ow such target routes as prepared in the second enbodi nent. The control
configuration of the target route 10 preparation section in the second
enbodi nent described above is illustrgted in Fig. 3 in detail. In Fig. 3,

t he conponents identical to those iﬁ'ﬁﬁ%’“Z (the target route preparation

section in tgghflraaﬁgggﬁd gg) Earg%g%ﬁ %ﬁ%@%ﬂl@%&?rgﬁﬁg qprals and

not descri be ere rget routé update | ock 103A,

current temppgal, phasg valye ?EEchaanQh@ gﬁl%u%(%?’r%n&nogkf i glual_car’ s

tenporal phase va é ad| us anoun cal culFat’ing S n Fig. 3 are

identical in 959C§§S&QQCE?aE SEHESEE gac% Qfln%tﬂ%?%%? - AN 20

adj usted route preparation I'S unique justed route

preparation bloek; 108 Brtaigek; PELNLSCAN cube BASLPHLg ef erence time

axis are ate n eac car"s target poin calc l at 1 ng part 103El ;

2) t t b 5 t
) targe 5r0%fngsms BESCAUTUERRE DY 25 kg ast MOmlachass grid

position cal culating part gri are connec t
dat a Ca'CU'@B'BSrPaESléQ§§§e80b9a£ﬁE|@hﬁlkéﬁﬁ%ﬁ QY e @@%%orﬂme fol l ow ng

provi des a detailed description of how - 68 this adjusted route preparation
bl ock 103E opgh3tesalue adjustment amount calculating block 103C.
Using tp{k) to dencte the pre-adjustment temporal phase
value (the adjustment reference time axis-based
10 temporal phase of the pre-adjustment route), the

adjusted temporal phase value tp N(k) is given by the

fellowing equation.
tp N(k) = tp(k) + Atp(k) ... (20)

The adjusted temporal phase value tp N{k)
15 plotted on the adjustment reference axis (along the
floor position axis) becomes the target point of the
car. Sympol y N(k), the target point position of a
car, can be given by the following equation (see Fig.
15).

20 When the car is ascending,
y N(x) = (y max/Ta) x tp N(k) ce. (21
When the car is descending,

y N(k}) = -(y max/{T-Tr) x (tp N{k) - T) .. {22)



Firstly, a target point on the adjustnent reference axis is calculated in
the each car's target point <calculating part 103El for each car by using
the 5 tenporal phase adjustnment value Atp(k) (k nmeans the k- th car)

calcul ated by the individual car's tenporal phase val ue adjustnent anount
cal cul ating block 103C. Using tp(k) to denote the pre-adjustnent tenporal
phase value (the adjustnent reference %ine axi s-based 10 tenporal phase of
the pre-adjustnment route), the adjdét% tenporal phase value tp N(k) is
given by the following equation. tp N(k) = tp(k) + Atp(k) ... (20) The

adj usted tenporal phase value tp N(k) 15 plotted on the adjustnment reference

axis (along the fl00r180§ﬁéiOﬂ6%%h%%r%?%%EE%&HH%%&E&%ﬂﬁé¥§§§ ﬁg%ﬁge car

Synbol y N(k), the target pai'nt position car, can i ven by t he

foll owi ng eq ' S Fi.g,....15), 2 ' c ' y. N(k) = (y
max/Tit) x téghﬁ?eg ngzfgowﬁhe)ﬁhtehga\gg%nﬁ gzﬁeng%{anddﬁs n%?e ;Ef[%( t:y‘f‘%‘y

max/ (T-Tit) p K) = a( N n Ei 1 %ﬁ[ e-adj ust nent
t ar get routeéag%oFPFeéoéngs 8&%,%%%gsfa%&§)kx§¢%% géat e ?gngéﬁﬂ%e cars

are poi nts G2, (11Lhstacal FOBSCopeand ) NG E03R (i rihcar). Based

on these target points, the 5 pre-adjustnment t es (‘or predicted
routes) 5 pre-adjustment target routes (or predicted routes)

E011l, E021 and EQ031 of the respective cars are
translated so that they go through their respective
target points, thus calculating the adjusted target
routes (routes in Fig. 16B). This translating

10 calculation is done by the target point-based grid
position calculating part 103E2 in Fig. 3. Using gpik,
i) (k: number of the car, i: number of the grid) to
denote the temporal position of a grid of the pre-
adjustment target route of a car, the temporal position

15 of the adjusted target route of the car gp N(k, i) is

given by the following eguation.
gp_N(k, 1) = gp(k, 1) + tp N(k) ... (23)

Equation (23} means to translate all grids of
the k-th car by adjustment amount tp N(k). In the
20 target route calculating part predicted route
preparation section 103E3, target route data is
calculated by connecting these adjusted grids according
to their temporal positions gp N(k, i). Consequently,
the pre-adijustment target routes (E01l, E021 and EQ031

25 1in Fig. 16A) are converted to adjusted target routes



EO11, EO21 and EO31 of the respective cars are translated so that they go
through their respective target points, thus calculating the adjusted
target routes (routes in Fig. 16B). This translating 10 cal culation is done
by the target point-based grid position calculating part 103E2 in Fig. 3.
Using gp(k, 1) (k: nunber of the car, is nunber of the grid) to denote the
tenporal position of a grid of the Q[eﬂ]qgjustnent target route of a car

the tenporal position 15 of the adjusted target route of the car gp N(k, i)

is given byéﬁgﬁﬁfotbgfjQQFeaH%EiRﬂgFge-Nﬁ%grFﬁé%%?g§$ﬁ%hﬁi+ tp N(k)

(23) Equati 3) neans to trans al | th car by

o] st rent Syl Loy Kol bOB P01 09 LM £ L0 Pt b ol ot o

route prepara targét rout’e data is” ca

connecting t e LU d_gej c i hej r I itions
Nk Ty o SR e A L O B A B ok e B R ) "o

E031 25 10 h8epdBAlvar acanvepbed: LoAdbySLRd ! ARgelalies vnd 0 (EOLL,

E021 and EO031 1| cone at tenporally equal intervals. It can

be verified é@jEESmen%6§eEQ§EnEQea§gEU§E@qOt%hg%ﬁgKOQKﬁg_%% through their
respective target points E012, EO022 and EO032 on the 5 adjustnent reference

axis (EO40 i pnFbHded6B) NBSe tREENd8dunNat-gtbbatl raSrundRr Hpeddipm the
foregoing description, the target points thensel ves do not

description, the target points themselves do not
directly relate to the adjusted target route
calculating process. Accordingly, the adjusted target

10 routes (E011, E021 and EO31 in Fig. 16B) can be
obtained even if the each car's target point
calculating part 103El is removed from the adjusted
route preparation block 103E. The target points
themselves are used for operation check, etc. Also

15 note that referring to Fig. 16B although the target
route profiles are completely in temporally equal
interval state in the adjustment area between the
present time axis (E050) and the adjustment reference
time axis (E040), they are simplified on the assumption

20 that there is no hall/car call which is already
assigned. If hall/car calls are already assigned, the
target routes are not always in temporally equal
interval state in the adjustment area since the stop
calls are not evenly distributed among the cars.

25 Although control by the aforementioned
embodiments intends to put the respective cars in
temporally equal interval condition, the present

invention is not limited to the control for temporally



directly relate to the adjusted target route calculating process.
Accordingly, the adjusted target 10 routes (EO1l1l, EO21 and EO31 in Fig. 16B)
can be obtained even if the each car's target point calculating part 103El
is renoved fromthe adjusted route preparation block 103E. The target
points thenselves are used for operation check, etc. Al so 15 note that
referring to Fig. 16B although the target route profiles are conpletely in
tenporally equal interval state inth dajustnent area between the present

time axis (E050 and. t he _adj ust ref erenc F040)., they are
sinplified ond ? e asgeﬁﬁF?o%% Sn%ﬁap thefgofsln %§1ﬁ7caf‘%%ﬁ? Which is

al r eady assigggﬁt EE hgkl gaéﬁggkkiga&% uheady %%ggﬁg&c Ih‘E[e']‘ne(;}q’rcfgustment

routes are no In te ual |nterv state 1n

area since t ﬁéggf%ﬁabhigggg BBH gnhgn% %55'%t %ﬁﬁ$ggggﬁ&pe cars. 25

Al t hough contro rementi 6 to put the

respective cppgct laeggag%kxneguahthn @vghrﬁg@@t' ohe drasant

i nvention is not to the control for“tenporally -

condit o _AgGREILNGe! enknecRpEseate LOKGALLOR bl L masSSble g run

elevators according to a specific purpose only ermning t'he target

routes in C0F§k§BSnC§oE‘EQaﬁB?epuéﬂgggy EBV1H% t%t&@%d%é“ﬁ@fﬁ%fﬁnthe

respective elevatofs are determ ned taking, exanp . enerdy saving
into considefati@Npossible to realize energy-saved elevator group

supervisory control.
While the invention has been described in its
10 preferred embodiments, it is to be understocd that the
words which have been used are words of description
rather than limitation and that changes within the
purview of the appended claims may be made without
departing from the true scope and spirit of the

15 invention in its broader aspects.



it is possible to realize energy-saved el evator group supervisory control.
Wil e the invention has been described in its 10 preferred enbodi nents, it
is to be understood that the words which have been used are words of
description rather than Iimtation and that changes within the purview of
t he appended clains may be nmade without departing fromthe true scope and
spirit of the 15 invention in its broader aspects. - 72 - CLAIMS. 1. An

el evat or group control systemto cormtrid - mul tiple el evators each of which
serves a plqég%t&% floors, conprising: reference route generating nmeans
whi ch, for t evator, generates a reference route which indicates

ref erence pOfltlonS of the el evat or durlngH§ gertaln r|od tartlng from

%8

the present 11ne; and %%n?}gVaﬁgﬁngrﬁHPcﬁ 8N4 ° 94 e ory of
h el t f h I t I t
each el evator % E% rg grgﬂl9|pwe gﬁe the el e %%gi%ﬁF An el evator

u
gr oup control sy% T8l ors ea chserves a

plurality of rs reference route generating neans whi ch,
for each eIel +PQ Congggéiﬁba ref erence route which indicates reference

positions of the el eva£8fe9851:89r8ut86F;Ee?x'e@a‘%%'goﬂle%%%r WhgH, " @8 he present

time; and
each elevator, generates a reference route which

indicates reference positions of the elevator during a
certain period starting from the present time; and

control means which makes an actual
trajectory of each elevator closer to the reference
route of the elevator.
2. An elevator group centrol system to control
multiple elevators each of which serves a plurality of
floors, comprising:

reference route generating means which, for
each elevator, generates a reference route which
indicates reference positions of the elevator during a
certain period starting from the present time; and

assignment means which selects a car for
assignment to a generated hall call so as to make an
actual trajectory of each elevator, which indicates
actual positions of the elevator in real time, closer
to the reference route of the elevator.
3. An elevator group control system to control
multiple elevators each of which serves a plurality of
floors, comprising:

first reference route generating means which

generates a reference route which indicates reference



e

assi gnment nmeans which selects a car for assignnment to a generated hal
call so as to nake an actual trajectory of each elevator, which indicates
actual positions of the elevator in real tine, closer to the reference
route of the elevator. 3. An elevator group control systemto contro
multiple elevators each of which serves a plurality of floors, conprising:
first reference route generating neans ﬁhich generates a reference route
whi ch indicates reference - 73 posifia s of a first elevator during a

certain period . tartiQ%:frggj%ggeg{Q§ent t'qF' second Eeference route
generating nBafS WHch “géherdies TE eren _%%%t% sl ﬁlpnﬁﬁféPgs _
reference po |t%o%§ %&c%1%$&9”%x§£e%?t°f during a certain period starting
fromthe pre§ A e and assﬁbnnéﬂ} ﬁ%ﬁﬂ%’mhich selects a car for

assignment to a generatedégﬂlr(¥g%%so as_t.0 either_ . nmake ggngc&ﬂm
S

trajectory of the first® el evaté?, Q%ﬁlr?$Eﬁg%E%§r%£%ﬁglm |t|oﬁ§hof t he
Lol 0 e il relgr el ereneecLodt g of the

first elevataor _in reag e, fe .
rajectory o € “secon vator, which

ener e
i ndi cat es acﬁjéglitg%ﬁst io%nsa st C(ﬂ}g éf&p&%ogl&yﬁrgé.én?ggﬁgieﬁggggighoser to

first el evat8r ora§§Ee an ac ug}
t he second érence route o second el ev 4 or “group

control syst gm.36Goricgd & n @ dBdnt 2 e 3 atfer el n:

assignment means which selects a car for
assignment to a generated hall call so as to either
make an actual trajectory of the first elevator, which
indicates actual positions of the first elevator in
real time, cleoser to the first reference route of the
first elevator or make an actual trajectory of the
second elevator, which indicates actual positions of
the second elevator in real fime, closer to the second
reference route of the second elevator.
4. An elevator group control system according to
Claim 1, 2 or 3, wherein:

sald reference route is generated based on
the positional relation with another elevator.
5. An elevator group control system according to
Claim 1, 2 or 3, further comprising means for
displaying said reference route and said actual

trajectory.

6. An elevator group control system according to
any one of Claims 1 through 5 wherein:

a plurality of said reference routes are
separate from each other by a certain distance along a

time axis..



said reference route is generated based on the positional relation with
anot her elevator. 5. An elevator group control systemaccording to Caiml,
2 or 3, further conprising neans for displaying said reference route and
said actual trajectory. 6. An elevator group control system according to
any one of Clains 1 through 5 wherein: a plurality of said reference routes
are separate fromeach other by a certain distance along a tine axis. - 74
7. An el evator control systen1accoraiié to any one of Clains 1 through 6
wherein: the reference route generating neans updates the reference route
of each el evator at ckntaiavatotecvalsodf syistem &ccrddreyatorarcpnt r ol
system according to any of Clains 1 through 6 wherein: the reference route
gener at i ng omansf seisimsf brteachgkl évahergia:reference position at a
reference point of time which is a certain tine |[ater and updates the
reference route so thahet heferevaecoronty genehmedugly mdmny efrdaree position
at the reference point of tine. 9. An elevator control system according to
Caim 1, 2tbe Befheeech: rpata pél aerbnebevateonr tafe 98fter@hce route and

actual trajectory of the elevator neets a certain
intervals of time.

8. An elevater control system according to any
of Claims 1 through 6 wherein:

the reference route generating means sets,
for each elevator, a reference position at a reference
point of time which is a certain time later and updates

the reference route so that the elevator may go through

the reference position at the reference point of time.
9. An elevator control system according to Claim
1, 2 or 3 wherein:

if a relation between the reference route and
actual trajectory of the elevator meets a certain
condition, the reference route generating means updates

the reference route of the elevator.

10. An elevator group control system comprising:

a group control device to control multiple
elevators each of which serves a plurality of floors;
and

individual-elevator control devices which
control the respective elevators based on a signal from
the group control device;

wherein the group control device comprises:

reference route generating means which, for
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assignment means which selects a car for

assignment to a generated hall call so as to make an
actual trajectory of each elevator, which indicates
actual positions cf the elevator in real time, closer
to the reference route of the elevator; and

the individual-elevator control devices
control the elevators based on the elevator assignments

of the assignment means.



