ELEVATOR GROUP SUPERVI SORY CONTROL SYSTEM BACKGROUND OF
THE | NVENTI ON The present invention relates to an

el evator group supervisory control systemand in
particular to control of elevator assignnment to
generated hall calls. 5 An el gvator group supervisory
control system treats nultipre el evator cages as one
group to provide nore efficient transport service to
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occurs at a floor, the nost appropriate one is selected
fromthis group and assigned to the hall call
Assi gnnent control based on an assignnent eval uation

f uBNOKEROUINDVE B T tiNEsN e h constitutes the basic
assi gnment control principle of existing 15 group
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hall call is assigned to either a cage that requires
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typically 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 control 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 to 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



control method in those days and has been inherited to
the present el evator makers for group supervisory 5
control. However, this control has the follow ng two
probl ens: 1) Optinmum cage assignnent is determ ned
based only on the yet-to-be served hall calls.
I nfluence on future assignments-is not taken into 10
consi der ati on. 1%U§%_Assignnent is made to a cage whi ch
m @A AERHE & 4%&1¥®n@mi%ﬁaMMQteomofuagelbn-?ﬁgs
lal. relation is considered. There is no concept o
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ev ngt.ri buted, that is, some is tenporally distant
frgﬁkgﬁgF%ér, a hall call occurring between themis

likely to wait [ er . the respective 25
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control nethods which are ained at tenporally equa

i nTefvaknaer angénenteaks slighimeetRelieWnot 3 axbh 34
interval -prioritized zone contro
consideration.

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

To solve 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
brief, their basic policies are to control the
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
cages are arranged at temporally equal intervals, it is
possible to prevent long waits. The conventional
control methods which are aimed at temporally equal

interval arrangement are listed below.



(disclosed in JP-A-1-226676) 2) Equa

interval -prioritized zone/lnhibited zone contro

(disclosed in JP-A-7-117941) 5 In each of these two

nmet hods, a priority zone consisting of sone served

floors and an inhibited zone of other served floors

are set to each car. If a mew -hall call ocFurs.in t he
riority zone of a cage, the_ evaluation value is
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72059) The position of each cagé a at’
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tenporal intervals at that tine are pre
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cages from bei ng assigned to specific floors. This
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nmore tenporally even. 4) Assignnent correction by
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uni form (di sclosed in _ o
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 (disclesed 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 is used to control assignments to prevent many
cages from being assigned to specific floors. This
intends to consequently make the cage-to-cage intervals

meore temporally even.

4) Assignment correction by making service



W08/ 45204) This basic concept is simlar to the nethod
3). The arrangement of the respective cages at a 5
future point of time is predicted. Fromthe predicted
cage arrangenent, the fastest time of arrival at each
floor is calculated as the service availability tinme.
Further, the service availab#élirty time distribution is
cal_cul. @Ed The hall call assignnment eval uation val ues
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tion uniform This intends to
coﬁ@ggdzﬁébgynake the service availability tinme
constant not,depending on the fl oor. 5). Position
eval uati on vgﬂ g EeéagaggPaﬁﬁénﬂs $8Tid@rodo the method
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the respective cages. 25 However, the above-listed

préatcalated echhheuiesl Hocabl §ybﬁgﬁméhaléyaigbﬁﬁohh%alues
probl emof arranging the cages evenly to attain equa
10| mee vedrreoetitsoms Smcxealcagem Os€Rgece availability

i nterval s/ positioning - are evaluated only at one
[xﬁywe(gqugﬁpumxgp unlform This intends to

consequently make the service availability time
constant not depending on the floor.

5) Position evaluation value-used assignment

15 method (JP-A-2000-118890)

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

20 value. The position evaluation value of 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
@lso intends to evenly arrange the respective cages.

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

condition. Since cage-to-cage intervals/positioning



aforenmentioned prior art techniques are difficult to
stably keep the respective elevator cage in tenporally
equal interval state over a long period of tine. 5
SUMVARY OF THE | NVENTI ON Accordingly, it is an object

of the present invention to allow cages to settle in
tenporal ly equal interval -sthate over a |ong period of
time by saolving 10 the problenms of the prior art
coRtFoleVEddRticqLeRly B @naine irte ahdviererentioned

obj ect, the . present, invention provides a system
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el evator closer to the reference route of the el evator.
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settle in te ; ual: +i nt.eryal it qver_a
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apparent fromthe follow ng description of
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
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.

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
generated and car assignment is executed so as to make

the respective cages follow their reference routes.

BRIEF DESCRIPTION OF THE DRAWINGS



enbodi nents with reference to the acconpanyi ng draw ngs
in which: 5 Fig. 1 shows the general contro
configuration of an el evator group supervisory contro
system according to an embodi ment of the present
invention; Fig. 2 shows the control configuration of
the 10 target route preparatd on section in the first
enbodi ment of _the present invention; Fig. 3 shows the

control confi% IO €4t % andhraianages ppéperat iovention
hqn.in a second enbaodi nent of the present =
o §F-ors ﬁpé?arfrgoﬁ?% & hrfetowioid edescription of

bf ' ti ti 102; Fig. 5 shows the
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repaLatign section in an enbodi nent of the present
Pn%gnpﬁgkg'Zo Fig. 6 shows the control configuration of
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enbodi nent of “the present I nvention:

coabhek ALK gHr atsi f e .qn function
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control concept of an elevator group supervisory
contwveht system according to the present invention; - 7
Fig. 9 is a second diagramillustrating the contro

concept of aFigleRasbowgrohp supetvilsechfiguration of the
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;

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

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

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
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;



control system according to the present invention;
Figs. 10A and 10B show the difference between 5
control according to the present invention and
conventional control; Figs. 11A and 11B show an exanple
of target routes prepared in the first embodi ment of
the present invention; 10-Fi7lg—- 12 is a first diagram
illustrating the target route preparation concept of
the first ef3édi ferdts & saronst si@ardamventistratingg e
nd d|a ran1|IIustrat|ng the target route
prgﬁgi @pP o@“tﬁéeWQ&ﬁi:H?QHﬁxﬁHpﬂﬁﬂlﬁﬁthe
pre%ent |nven 14A and 14B show t he process
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an exanple of 25 target routes
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route di stance between a t ar get route an redict ed
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general control processing flows of | evat or
invention;

Fig. 12 is a first diagram illustrating the
target route preparation concept of the first
embodiment of the present invention:

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



supervi sory control system according to an enbodi nent

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 shows the flows of the predicted route

preparation process B; Fig- 23-shows the flows of
ocessi n ilculate the route eval uation function;
HO&?G 24 fLchipt8dehart of the target rog;FCFlgHE

update jud nt cess. DETAILED DESCRI PTI
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SSWrﬂégﬁ%%igfgy%‘ﬁercﬂ%ﬁm of the present invention is

descri be and 9. Fig. 8 is an exanple

of a cont rolpigmeg 2RoGENCRENERG. L1 £0PRURLAL; ALOYR

supervi sory cont r ol system i n accor

Nesafdré nverde©Nrobeds; in Fig. 8, a_IongitgdinaI_
?vertlcal) fﬂ%tlon of shafts 9 _within a building is

concept ual | yFisfioven wehbwel enat elowsass €H¥iP9eEQ%EQHn
Shown right in Fig. 8 is a diagram (generally cal

arroper gtrepadi tipaprobess Agdepicts the trajectory of
each el evator car with the
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
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
control) of an elevator group 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 longitudinal (vertical) section of shafts



5 horizontal axis (AO0l) representing the time and the
vertical axis (A02) representing the vertical position
of a given floor in the building. In the exanple of

Fig. 8, the elevator group supervisory control system
controls two cars. Left in Fig. 8 the first car 10
(given reference nuneral 1) i9-going up after changing
its direction at the first floor while the sgcond car

( gF¥ERLPefePBAdEingmisalconraps ugdiliy showm fwidrh télevator
second floor. This situation can be grasped by

ex5RFRi RGVERE GPEF&LFon &P&Qﬁa@%ﬂhﬁm}ﬂi%ﬁﬁ{|&1I3gﬁt8.
15 . To the left of _the int representing the present
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the first car ory
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present 1 nvention concerns t rajé
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time axis in the operation diagram | represen
"taswetols afest eays . whieht t be PQE,SBQUkHe fealls@wcatht er
the present tinme. Hereinafter, this - 10 target
10t r&jecemryeferaerotednasad 11 at gegoinyt ap. akBereb@ualginhg
group supervisory control systemaccording to the
prigserdirenint ot i shehfiast eflzed whiflbaththeecond car
operation (to be precise, assignnent) of each car is
(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 (AO04) 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 AQ41.
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



5 controlled so as to follow the target route.
Specifically, A032 is the target route of the first car
while AO42 is the target route of the second car.

I ntroduction of these target routes or target (or
reference) trajectories, which the respective cars 10
shoul d be controlled to fotlblv-along the tine axis,
makes the present invention different fromthe

coh#EAPFoRARIEFEGE Vs dFefeinsted eontar ditagsitenmute’y. ®n
depicts _how an el evator car is decided to be assigned
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predicted to be followed after the present trne) o

fireferatcés oaiecBOBBe Prodishednboutepdleiibet Egr%ew
hal I call is not assigned or route B034 ?predlcte - 11
10 rahtei) bd ¢dret nell daltocadl16s asehgneHe GifBPaxis,
supervisory control according to the present invention
t Made s ¢ \erestt chnvent tdmt di fSetrangefronutRei s
foll owed. Accordingly, since predicted route 1, that
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. 9). The group supervisory control assigns an
appropriate car, the first car (B03) or the second car
(BG4). Here, give attention to the movement 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 time) of the

first car is route B033 (predicted route 1) if the new

hall call is not assigned or route B034 (predicted



51is, the route predicted to be taken if the hall cal
is 10 not assigned is nearer to the target route, the
hall call is not assigned to the first car.
Consequently, the actual trajectory of the first car
approximates to the target route. Although the effect
of this control will separalély be described, the
effect is essentially derived by drawing the target
ro&P@gesé)tﬁéit@ﬁér“¥%§b%%kiqﬁi lievaa o3 igred. r UBraup
orall.y equal intervals. As a result of the actua
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generated at the third floor, is assigned t
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continue to be close to each other in a string-of-
conblet tangetiowenee, if the first car is controlled so -
12 as to distance itself fromthe second car by
10following iAbthengettheutéfdesi giedntic kosatelt ha1l
respective cars at tenporally equal intervals, that
i sSeparapelyiche hdescribed, the effect is essentially
derived by drawing the target routes so that the
respective elevator cars run at temporally equal
intervals. BAs 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 equal intervals.
For example, in the case of Fig. 9, the
20 actual trajectory (B031) of the first car (BO3) 1is
close to the actual trajectory (B041) of the second car
(B04), that is, they are run in a string-of-cars
condition until the present time. At this time, if a
new hall call demanding upward transportation,
25 generated at the third floor, is assigned to the second
car, the first car (B03) and the second car {BO4) will

continue to be close to each other in a string-of-cars

condition. However, if the first car is controlled so



call is not assigned to the first car (B03), the first

S5 car will followits target route ainmed at the

tenporally equal interval condition. Based on Figs. 8

and 9, the following sumuarizes what characterize the

control principles of an elevator group supervisory

control systemin 10 accordahZe-wi th the present
invention. 1) As shown in Fig. 8, target routes mh|ch.
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are,_ set. 2% As shown in Fig. 9, in order that the 15
re%ﬁ§c$P€Qe aF?uFSIF@@lﬂﬁéﬁrtPa&@@ﬁﬁthhﬁaraﬁnﬂﬂﬂlVﬁﬂdars
i s_assigned a car which woyld conme closer to its

ta?ﬁe?eﬁsafsﬁﬁf EABadaltNSErYaS SyhéhRdl 1 soaldf Etdy?mmh hall

th sul.t _of conparing the target routes wth the

or ST ST 48 PR a0 Eﬁeg)t@bﬁQ&qﬁiﬁ?FyFaéad#f@dwnﬁhﬁsﬁﬁfst
as 0 [ rget route.  4) Si.nce the target

5roﬁ%gsag?g gé%hé% %gst APy afguF%eaﬁnge@For of the

"ePBRELLN®1GAL8uEL shPURGLA LY BqpaL i ntervals, the

respective are stably cont?8lred in the | ong

run to keep I Bt te (N ale hRterval
condi tion. BégﬁgyngnF?ggsl,g?%ééfgrlg%ﬁngo&gggﬁpgés how

ans @hey At 9& s WAL §HQ§£M£§9£¥eCQHéF95n§¥5&eﬁkﬁ%clgé%s of
accordance with the present invention is configured.

Wan eeFegatdr depoap Sstper¢ 0869l coMet-8mM goatkgurat i on
of an el evator group supervisory control Systemin
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 so 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



accordance with the present invention, this control 5
systemis inplenmented on a m croconputer, DSP (Digital
Signal Processor), systemlLSl, conputer (persona
conputer, etc.) or the like. Referring to Fig. 1, the
foll ow ng four conponents are key conponents: a target
route preparation section 4083 a predicted route 10
aration segtion_ 104, a route evaluation function-
us@gc%gﬁéc@véﬂlﬁ}@t it PIeRSENGn ioateni g ﬂgﬁzm’iﬁhmrleﬂﬁ
assign el ev r selecting unit within a
aPaiTer Eapa  domerar tnties sontasd daaiem  eanduzacion
ro e- bas ntrol as descrihed with Figs. 8 an i's
8%xecu 28"8 Otrh8§8uPoEPp€6ﬁfﬁc§ﬁ’€|¥t §°nﬁ¥é>lf SIVShfithg n

t|on of t.he cont.r ol

BT .y
g D
re§ ﬁ&lV§£¥c€9§599l %ggﬁgm'ﬂgﬁv'gB%% %Vqt%%%PW%éory

first through Nfh el evators):  ahd rou

copdmpht S¥st £ar1) V\GkCEhEOhhﬁ@“Vﬁleﬁeé:g:gﬂg;él‘ifl FZL%ES% the

el evators as one group. The contro arid

4lﬂblhﬁﬁﬂﬁgaf6drr@ﬁﬁpéhéMEByaﬂétheyh%o%goh@ghﬁ'dﬁakarget
el evators or the first through Nth el evators contro

t heoposi prepsrabtlonesoctiors108, t Bepkeghevaborsuthased
on the hall calls assigned to el evators and the car

10 catrepan oF bt | sacteonveddf ranroheehabvhloaklion fuhédtithe
function of the group supervisory controller 1is to
dé—t%%lﬁ@l%i%ﬁagmtf@ntﬁ@nmson appropatahg Bertaon 105,

generated hall call based on the
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.
1l 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 control system 1 which collectively
controls these elevators as one group. The controllers
{41A, 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.



5

i nformati on regardi ng each el evator (position, noving 5
direction, already assigned hall call, derived car

call, hall call waiting time, etc.) and assign the hal
call to the car. This function is described below in
detail. In the target route control unit 101, a 10
target route specificationsk4t+ng section 102 sets
specifications for target routes based on the

i nf or mati on EhemfanCtitn efdathe @roury .supsrimdty be
described later ;in detail. Basically, trajectories

t hSP“&‘életeﬁe 1 dspéét Ags camdng: oihd ciy qaenpier diley retal
15_intervals are set as these specifications. The
{rAPPFEPTaaEs GAF( o7 96BEEAET Pe Hlacedil frssia drhe
abﬁgkortrgffic wi thin the bHiIgin% (statistical _

i ntor RRPF5hO ab5aR L8 BYafEFhuSdE VRkNEN (PoSHflon, Meying
t e ration.section. 103 gener.at es
R R A R N DRy i D e

th sp Y evat ot _ca As _inpuyt data, .thi
b raate s Ebarar PRt ine e darr® AiFdtin hall
(1efipr [ t hahlC i gne . .
respec??%e9@33§§yobtgb%gdﬁpbgﬁggﬁhgglggggfléggabféoﬁhﬁp
8;demgirall information (information about car «calls
assigned to the respective cars) obtained froma car
call data unit Ohettatfbe rohoembhero@btiakpedohro

the traffic data unit 7; average stop frequencies %}or

10 - dfrgeanphtee Spwchhhyaticessadtehgvaketibs expeched

15

20

25

to stop during ascent or descent) obtained from an

avererfef srapl o 3 efuentyrgeat arout ¢s Shastdppagehki ne

i nformati on (for
information from a traffic data unit 7. This will be
described later in detail. Basically, trajectories
that keep the respective elevators at temporally equal
intervals are set as these specifications. The traffic
data unit 7 cutputs the latest information about
traffic within the building (statistical information
about elevator-used human traffic).

The target route preparation section 103
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
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



exanpl e, average stoppage tinme per stop) obtained from

5 a stoppage time data unit 6; each elevator car's

rated velocity and other specification information
obtained froman individual car specification data

unit 11; avail able car count/nanme information

(i ndi cating how many and whith-cars can be controlled

as a rgup at 10 that time or in that period) obtained

fr Sﬁfag'ﬁ SvaPHbMEnYe &imesuty ey adstr ImigxPetexbrive cetop
flqor .information &:nfornation about which floors can

be HEFIEd 25FMalT defsedt)i Phtrdnesefitew) asbtaierate stop

fr$n1a servi ata unit 13; and predicted route
in

OFRuBhon GBcai HEd 1501 SomPERg S dditc i ardtatcion (for
C SR Bl b ierls an stoRRage Cime PoF SAGRleBIAGId From
o (rarPsRBanL t LY BRELHERY &5 Kt Bdergtomare Ghgarted
St9@§oé§t9hSnQeS£HBEnngE%?EEé%?ﬁHOE%%%Egégi%gfﬁgxgta &

stop frequency data un an e SUQ] . (
Unftof BheifEDNiauagdche GBEEYY¥ECLEILR! Garkn RN, O"
fromthe traffic data unit 7. By using such détailéd

i nfeaBabDe abeutothe/ hEALf Eﬁfb_?mhh@onbtdiihE’,{iiEQt%g; e,
situation of the elevators, it is 25 possible to Set

nomanpppnopehate targetanopkesonthel1karget ar g¥bep at
preparation nmethod will be described later in detail

10| nthate pimeli ot etnrbbide peepadpt bbbasreti Gfom 36 alB@4lable
predicted routes are prepared for each car. Predicted
r iR AOYWBDLTINeanda e edntt eli2r oseev2c¢BOB4Pr sh@vmmiamion
HE%négfggkfgfcégégtQgﬁfgéeEioﬁ}grSggcégdserved 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



route of a car is a predicted trajectory that the car 5
may follow fromthe present time. Like when target
routes are prepared, the predicted route preparation
uses the followi ng input data: hall call information
obtained fromthe hall call data unit 8; car cal

i nformation obtained fromthkcar call data unit 9; 10
trﬁéfic i nf.ormati on obtained fromthe traffic data unit
7;

Jer BIEILLEEYt FodtERcPrES FFERaTad fhogmeaanh arage
L EERECEA R B, BT RO T AL
TR R b G uaP Bhr SBBER i CaERaNENat o Prpaicted
i L N R e
e (5o RLE P £AE bRESENE RBES TR aE iR Aot

20rM@£ég £f@oﬁ§%ﬁ§9e9? BREY geﬁﬁckgptr%hggth&h%g%%gbn

period) obtained fromthe service floor
angls s ovhsi ORI owss 9DABAE HHEQEnﬁ%ﬂ@hc&ﬁ?”&ﬂﬁormation
provi sional assignnent car setting unit. In this
cosbralnsysfeshm elseurale paedi @htanuhstons et hg135
i nportant points. This can be realized by using
detraf ¢ etk Idorolat & tmedbbudmt bRet cakf talindkha QHikdiong
and the condition of the elevators as nentioned above.

10 Howra fof ¢ epafermreiive t et 2 buedsfwohl the desefibedakat anit
- 17 in detail. In the route distance index-used route
eval (RS IAES IR off @GiLent bes ngbtetnednf 105, thaeavaeage

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 (information 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



between a target route and a predicted route is 5
eval uated for each car by a route distance index-used
route evaluation function. In determning which car to
assign to a hall call, use of this route evaluation
function makes it possible to select an elevator car
whose predicted route to be 1aken by the car if 10
aSS|gned the hall call is closer to its target
1ﬁhe exanple of Fig. 9, the route distance
|ndex |s an i_ndex uantlfy t he nearness between the
first car's tlélrg CBFFANGd nsiestivied route

B BQ34 The rout di,stance i ndex and the route
55%§%%$uatP8n HRNEE BN iﬂ”%ﬁ§%ﬂ%ﬂﬁ%Qﬁ%quﬁQ§r|rﬂearness

TG Cars A %ﬁ”‘i&%ﬁ'&??ﬁ;ﬁ%ﬁ&“qedoCa%' e cr
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ewl y generated hal |rect

whiaebighetbakl heah! chs1prgdich dt&qallohtl %mué%ion

the largest of the tinmes for
al freadyiaensihgred @ pBEseBleats LeIREE! iveloy R %'r“c%‘i-
25 to wait may be set as the eval uation val ue

cawhosenpaeﬂbtaédeyahﬂatt@nb&ataﬁeﬁabﬁukﬁbl%QrUﬁEt 14'
a waiting time evaluation value calculated by the

10wa# 85 hgned neo eviae ube 1 bnca bl uescallogkat kg itdl takets - -
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18 weighted and added to a route eval uation function
vaFeiete cal Bl Bhedepgmphe obuFegdi 9t ahbe irndex- diedance
routgéxefglggtigge;uggtéggngfégunglaniigg;ogeigze;othe
first car's target route (B032) and predicted route
(BO33 or B034). The route distance index and the route
evaluation function will be described later in detail.
A waiting time evaluation value calculating
unit 15 calculates an evaluation value for each car
based on the time for which a hall call is predicted to
wait if assigned to the car. For example, the
evaluation 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 all hall calls
already assigned to the car are respectively predicted
to wait may be set as the evaluation value for the car.
In a total evaluation wvalue calculating unit

14, a waiting time evaluation value calculated by the

waiting time evaluation value calculating unit 15 is



calculate a total evaluation value. Using (DR(k), 5
cWk), WC and tT(k) to respectively denote the route
eval uation function value, waiting tinme eval uation
val ue, weighting factor and total evaluation value, the
total eval uation value (DT(k) is given by the foll ow ng
equation. 10 (DT (k) = DNk)18& {DR (k) x WC ... (A)
Where, k neans the car is the k-th car. The melghtlng
f a¥fof %Edl§n@a@@€@ddé§e@dﬁmyﬁﬂwaﬂaiuaﬁﬁdn(funnuﬂdm(NElue
at tEat time. For exanple, when the building is
deSarFudaERaRirghhe é&PW Raetiange dnsox-ustl Wouts ue
er .since_hall calls do not frequently

oc%ﬁ?lgﬁglPPnggnFﬁéPéfGPéC56§F669|&@étﬂ@ngﬂ¢?3gKEﬁter
| t t t
et 5ATE%s & cafrdneyatletion FReuSened A Shutioh

iy di h I de | 20
ST R B Wi R e

baé@QlﬁQ@iéH'Fhﬁc@&gﬁc%bxs abg gnE?%ftEV?lU§tlon

eval uat1 on val ue as gi ven

possikt e &@lﬁﬂﬁﬂﬂﬁ EQ@ BE'QBHOEogE%pEbS éﬁ?§t§§§88' the

wai ting time-based eva uatron an arge

25t oyl uahh DR f 06n 2681 JONBRY K flependi pdrop. t gt
condition. - 19 Based on t&eﬁtota eval ud t?gﬁ %%ﬂ&g%lng
caquidtat@d. for the respective cars by the total

eval uati on val ue cal culating unit 14, the assignnent

el evator selecting unit 2 determ nes which car is to be

O5 assigned to the hall call

15
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25

DT (k) = OW(k) + ®R(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 value
is 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
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

evaluation for assignment depending on the traffic

condition.



Thr ough the operation of each conponent of the contro
configuration described with Fig. 1, it is possible to
i npl enment the target route-based control principle
described wth Figs. 8 and 9. To be 10 accurate, Figs.
8 and 9 focus on the operation of target route contro
unit 101 and the operation-ol3the waiting tine

eval uation value calculating unit 15 is omtted

t herein. The BEdS%Whd e S@tide £t afeirn arages
processi.n E{ ws of the target route-based group

supé iuéé’%)? %ﬁ’trr SNENTETREST Ereh & 1 RheEhe vtk t of
Fi 9. . Firstly, an _input information update process
(STYB1 2385 detish e LAt ot ind dardiee S Figmment

| mBoE VP Phy RECE o A Ukt ) AR RS (MR car is o be

ormati on a

51:{1%?5%??158%@ Qpllét P%{ﬁmc%'iﬁ.ha' | call data unit 8 of

car ca nf'ormation (input fromthe car call

data unit 9 +Ei i_nf.ar ' input framth
car i nformat ?gﬁgg thajcbr?i t%ﬁf(gagfl%ﬁn'gtfl %)%C(}i %gqf"}qocpeigg or
i nNEpENBbH i : ; [WaYa URVAR R Sas c s
speci fi cateiggg gggglgﬁ?t&%?ﬁopggic\g&%%)a wtc'L?Carl]f ﬁlcg 1, 1t is

i nbossBblentgeprpdentnavenadeasyer fHoRqeenei=es ddmuUla1
fromthe average stop frequency data unit 5 of Fig. 10)

- pPintipléi desokobadt kaphdepgedent agHopRage d ivaEs

(input fromthe stoppage tinme data unit 6 of Fig. 1),
10ava¢tabkeecaFigeund/ anded €onpst ohr amet beeasaiiloabloF car

count/nane data unit 12 of Fig. 1) and serviced floors

5 Y2Rpet FeehetAenteeyi weit| 661 datatbei bpdRaafichi @f the

1)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 required 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)

r



Note that although Fig. 19 conveniently indicates that
all the above information is entered at a tine by the
i nput information update process, it is also possible
to enter the information in steps as necessary. For 10
exanple, the information is entered in several places
in the general flow of Figs A4®.-1t is also possible to
enter sonme of the information at a tine and anot her at
anbFREF 1€ ABfoamad ivoreepieadiendc s telppageort imed s( Igped
speed and other specification information (obtained 15
fr gﬁP{“hEthéi’:@P@@ﬂe tafes dgecivhiidatt of ddte dnit of
Fig. 1 'i set as constants which are deternined
de%gﬁaiﬂb §n Ceke CRUNFdPAGSRhdtaPtte faloay dther avaridlable car

i d. h t target route .
spicfiet EGenonaate PRg Tpidcess -L87102) hal mmdicacbuors

LT ' ' h h th ati f the
5$g§g£§8#25§§&;g§8:%F%gﬁF%n%iggfihs%52555?n3?8?%bﬁmq1ﬁ1).
i Ll i nter S e is se
ig“%??;9§%EZf%?%é?5§2??9hy59?§$ag%nesa¥3ypg g that
. t repare ccordin
DLPFESene SIR00Y LhBLORL-1OH €8 SheeRbAPALTR, 358 Biotne

ggﬁﬁgﬁg@ Olnpbrihbei bRl G8kat QUbLoRLERA LT 0U SREL] 91 403,

| . In a predicted route preparation pro

(Hd0hteprend cirdormit eSnalis PEEPAT gd Bgﬁggggrg.leor
operation of the predicted route preparation section

10 10ekafipFé g. the TheormaficariasshO8pBAL iRr 866835 NS ces
i nvoked due to the detection of a newy generated hal
call (IBT19S)eral stidwesobiFLgr BSsi gnoens B1686€pSESiBle to
shown bel ow the conditional branch is executed. The
enter some of the information at a time and another at
another time. Also note that each elevator car's rated
speed and other specification 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. 1In 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. 1In a predicted route preparation process A

(ST104}, predicted routes are prepared through



foll owm ng descri bes the car assignnment process flow
Here, provisional assignnent of each car to the hal
call is executed by | oop processing. In Fig. 19, this
| oop is named a "provisional car assignnent |oop" 10
(ST106). In the provisional car assignnent |oop
(ST106), the variable ka whiéh means the ka-th car is
i ncrenent.ed Qe S{ one on11 to N so that each
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pr S |l o forn1 The provi sional assi gnnment
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consi dered in the predi cte route preparati o

( SFA02d¥inghis sBHIBASS the EXeC gfs%qg%ey&elp%f %%s%t & ow.

route preparation section 104 of o1t i on

abBete ] hpr@ffﬂshahamabb}é1§§ﬁbgﬁe@f0@%chs c%te_l %'on%qlhf M
25 the provisional assignnent setting unit

t heall oiis eerwalitatii bp fubpt peBcksseakcul ahe@“lfgor 1t9he this

provi sionally assigned ka-th car (ka = 1 to N by u3|ng

t heo@p epar eampdedi Epedvisubeadf chteakaiyhmeat (SHEO8) .

- 22 The route evaluation function is an index that
10hatFERPFY- r epresbat provéstbosiness besiwgamehhe lbapget

route and the predict route ant its calculation is

ex bt % byt?%evﬁéhﬁﬁlévhﬁuﬁhiﬁh uAsnhsokhes&d-tbucersis

eval uati on fgnctlon cal cul ating section 105 of Fig. 1.
incremented cne by one from to N so that each

elevator car is given the provisional car assignment
processing in a loop form. The provisional assignment
15 setting unit 3 of Fig. 1 executes the provisional
assignment process noted above. Within the loop, a
predicted route preparation process B (8T107) 1is
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 is not
considered ir the predicted route preparation process A
{ST104}}. 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) .



Then, a waiting tinme evaluation value is cal cul ated
based on the predicted waiting tine of the hall cal
for the provisionally assigned ka-th car (ST 109). The
waiting tinme evaluation value for the ka-th car may 10
directly be the tinme for which the hall call is
predicted to wait for the ka2fh-car if assigned.
Llﬁ, t he Iargest of the times for which all hall
P S T an {Biasel kot hr Lodes Chat

ectivel redicted to wait may be set as the 15
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- 23 values (ST112). This process is executed by t
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flowhart of Fig. 19 described so far, it is possible

t PPPRUEEEBnEP| yadhdfeequbet kaFkh aasi gif ke ikesRrCt | Ve

S elevator cars to a newy generated hall cal

ev%}ﬁ%Yése’ the largest of the times for whlch all hall
calls already assigned to the ka-th car are
respectively predicted to wait may be set as the
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
provisional car assignment loop processing mentioned 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
sequentially assigning the hall call to the respective
cars by incrementing ka from 1 to N. In an assignment

elevator selecting process, the most appropriate car is

selected for assignment based on the N total evaluation



the nearness between the predicted route and target
route of each car by a route eval uation function,
cal cul ates a total evaluation value for each car by
adding a waiting tinme-based index to the nearness 10
eval uation val ue and, for actual assignnent, select the
nost appropriate car, nanety23he car given the best
total eval uation val ue (1 owest eval uati on val ue) when
as¥PgHER Prévileil onallhys Precesst riel essestuamad by the
con uration_of the 15 el evator group supervisory
coﬁﬁ?gﬁ §§s§@ﬁ?§ﬁ6%ﬁ Pﬁl¢|§.OleiﬂCIGdesByuiQkﬁqung the
conpr.i si ng %) the target route
g%‘é“’% Qéc?r“gn %16§58Flbr9& 59) fa2) tife i edistiddle

04 of Fig
e RN RGO o
SR e e

setting sec I on

pr@Hédﬁéa?ngggabégge%ﬁsfﬁépékgglgﬁeggggbégsé%potﬁﬁi§t

conponents operate Irs

angodde ¢ heRugh- 16y 2 dshal! ed dRseiLRt ion 't&ﬁmagge

of what is done int route preparatlon

ofcahmx@sés_anp@fégn@@afeg@%ﬁ%ﬁlhe EBE BLEREAL Y by
invention. Fig. 2 shows an exanple

coadd Juy ad i wai oing heiherigesed 2ddekOdberRECRRLRHERR
section. In Fig. 2, the configuration of the target

10.wnnaﬂ¢HEpa1aWarme3£md;cmbrlact@égeéysﬂgﬂﬂ@ﬁeﬁ QélEe@fthe
conponents; 1) a target route update judgnent bl ock

( FO3% APIeRriyte Mam, Snaelenthé eoporal vehasRevakye
C%éﬁgfﬁéég égéﬁg%(3§§§écﬁlowest evaluation value) when
assigned provisionally.
The control system configuration of the
15 elevator group supervisory control 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 evaluation
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, one of the most

importance components in the present invention. Fig., 2

shows an example of the configuration of the target
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Fig. 2), 3) an individual car's tenporal phase value
adj ust ment anount cal cul ating bl ock (103C of Fig. 2)
and 4) an adjusted route preparation block (103D of

Fig. 2). 10 15 20 At first, the follow ng describes the
operations of the four conponents described above in
order to provide a general-cdatrol image. In the .
tar route update judgnent block (103A of Fig. 2), it
?’H&&e&r\%’étrﬁérlotm@@cﬂﬁrmt tlar giitg « ot ethes to be
updat i.t 1s judged that the target route is to
becﬂﬁgéﬁgﬂatﬂﬁé‘ bdGudrr aakr r@n;tet @ml ?Itatpimst 2 eseat Len
cal. cu atln bl ock (103B of Fig. 2) eval uates e
teﬁﬁoh FgF aFPEﬁOé?ﬁ&a@ ft fevEuGamonsTed ctled & dutrge of

SPSEPEPTRHAYS SRR 3 DUSTAAAER LS o

o5 DAL OIS G B SIS o o

apefor 5%, abe SANSHASLEd B B RpoTan Priade WU Plie
adjustment amount calculating block (103C of Fig. 2)
and 4} an adjusted route preparation block (103D of
Fig. 2).

At first, the following describes the
operations of the four components described above in
order to provide a general control image. In the
target route update judgment block {103A of Fig. 2), it
is judged whether the current target rcute is to be
updated. If it is judged that the target route is to
be updated, the subsequent current temporal phase wvalue
calculating block (103B of Fig. 2) evaluates the
temporal relation among the current predicted routes of
the respective elevator cars by calculating the
temporal phase value of each predicted route as an
index. Using the concept of "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
other when the waveforms are separated from each other
by 2n/3(rad) in phase. That is, considering the route
of each car as a waveform and using a "phase-like

index" for it makes it easier to evaluate the route-to-



The respective waveforns 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 each car as a waveformand using a
“phase-like index" for it nakes it easier to evaluate
the route-to - 25 route intébvals of the respective
cars.  Thi,s "phase- |ike index" corresponds to whqt i's
cafPEG St RBLEEMFdPart Shssd spRast ivsed-a s ¢ hellpiestphase-

in egtion as.,an index. The tenporal phase value wl|

be d&ScrH8d | APEF SPROBIget S WAkt tier ahlel edirtemttemporal

t oBB358) vBNERCuERRLGh BhPcaranehg IO IRISE I Gpdex.

aur ik EehBeLL hassoPaiia: FRY Lopec Rectrabat Imigr An
scasshaies 100y e oA g,k e ot o

cabsutal ededath UhEPOL BIRUNL Brobl81 2dHUSLOG NN ©

preparation block (1 [ usts

: di f,1
t espOEAL aPhA§EL1¥8k Ues0ah Ehegﬁge Q§t,egh%°li%%ﬁv‘1d]utarl§f

respective cars. 15 The route bt ai hed 'as "a resu

t hesr belj uetpBpsl PesSSevh Nget 8RYEE LhaHEes@lnithe
respective cars. Wth reference”to an operation inmge

ofcFlgslatildd hhoch1Bl03beifiokigwi ny daselitbesst he
general operation of the control configuration
10 dexdiupletenb oveour20s R gsmakd At hadtddBoirhliluphbate values
operation image of the target route preparation
predlssl ixlerd it bly t heBasegeon thet thpsepalatilaned
sectjon shown in Fig. 2. At first, a description will
béaf’iﬂd-beetf?:ﬁ“tt XYMt ol tsperdi i vhed nagete 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 operation 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) of Fig. 11A corresponds to the current

predicted routes of the respective cars based on which



based on the above general description of the contro
25 (Figs. 11A and 11B will be described later in
further detail.) The graph (target route profiles
before adjusted) of Fig. 11A corresponds to the
current predicted routes of the respective cars based

on whi ch - target routesZaéare prepared as descri bed
h Fi Here, the el evator group supervisory
co rgi€ gfsfsﬂ”é?rﬁ% SrdyinRarad aorewtribedevtansFign 2.

[ CaO10 second car (C020) and

i %P 1%2‘@%2%31%” SR GHRARY serton L axystom 1s
and descend from the eighth floor, third

og.g r F1 hedfirst

Fé“ﬁ SRR ot N SR S5& i velly Fithe bkiedi thed

f th three cars
LZ%%%Z (ERa% csliend] ezt Z:h'@infiL@%ﬂ @enfxecarm (5040 are
t ir
5soh n%h@ﬁ@@é&g&%&t&ae e 4 achﬁﬁeﬁQ4ﬁﬂ?%QRﬁﬁﬁng(ﬁfom
th@héhb& hEar flgg? pftﬁ‘i'r‘éit%‘i LQut, b g%l%irﬁ 'dﬂ” et hod

wi || be describe part £ hé L4 he

predbgeedivaule PREPRLaL eraeae%'u%%s AL Pl noe

these 15 trajéctories are close to eac e cars

arera9ecsoneeeXxt it thRsd $hiikRIJ-ahCak o%%p@ﬂé(ﬂﬁ$sent
Referrlng back to the control configuration of

t aryeé apat Eespéeparrauyoaraeﬁt b@nal Bokig 13nd f(dd11)S for
Judggd by the target route update judgnment block (103A

10j ntie gf iyttt 0a2p apdhhénthénéaﬂgeﬂlﬁOﬁbQSthbh%eQ%ﬁkﬁQ%r
tenporal phase value calculating block (103B in Fig.
2)aRGl 2ubrekent hénet éaPaL al fphasbevahies ehrtheThe
predi cted routes (COL1, @021 and C031) of the
r Rt Fied Cﬁ?gt%yprgggr@tﬁgn 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 values of the predicted routes (C011,
€021 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. 11A. Then, based on these temporal phase values,



t hese routes as waveforns of a kind. These tenporal 25
phase val ues are cal cul ated at points where the
predicted routes of the respective cars intersect the
adj ustnment reference tinme axis (C040) in the graph of
Fig. 11A. Then, based on these tenporal phase val ues, -
27 adjustnment anounts to maké the respective predicted
routes distributed evenly are calculated in the _

i n(ﬁﬁiucﬁ}érfe%rm%o‘f%ofr%l nPrRastehs ar eepadf Uve nened agbadt
cal culating bl ock (103Cin Fig. 2). In Fig. 11A three
5 BICAHC i T F P TRS Dfethe s ust hewlatedeienteet i ne

t hese adjustnment anmounts. For

e f ; '

:igﬁp(lg’gda?"‘?’?elaz?%%fsr AR dltase h‘éalaléﬁz gllﬂéﬁm%%uﬁmount
i . .Th di cted route in Fig.

1R eR st ok AECH T ) « nelusbqubht, tonree
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Li kew se, the p cted ro

SeqQr d e hcted r éﬁ 31 in Fig. A
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15@2??1%% nlt%%o A n%hi s &r %@%@S‘? IS e%xepu%lgjdpsofletrhte amount
adfust eHer @4t-etpapar atrip@n g@e@q_l&tJeQ@QddteF' @014 11Q, Fig.
prepare new target routes by adjusting the predicte

rolilds basedeomitbe adjrussnentu@rRuNts, tHY SRSt
in trajectories shown in Fig. 11B. Fig. 11B shows f%é
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routes shown in Fig. 11A The target routes of the

t hktkethps, (Oo20pred2otardron8e i(G0Rlginl FR)y.anda) of the

"eSRESha Y A ey pledittad racte (Co%t 1o Ftiget fllersi
of the third car are respectively adjusted by the
subsequent process so as to go through the point C02aA
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
new target routes prepared based on the predicted
routes shown in Fig. 11A. The target routes of the
three cars (C010, C020 and C030 in Fig. 11B) are
respectively drawn by a solid line (CO11N) for the firs
car (COl0}), a chain line (C0OZ21IN) for the second car
(C020) and a broken line (CO31N) for the third car
(CO030). The trajectories of the target routes are

characterized in that they are drawn so as to guide the

cars into the temporally equal interval condition as



car (COL0), a chain line (CO21IN) for the second car 25
(C020) and a broken line (CO31N) 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 tenporally equal interval condition as -

28 shown in Fig. 11B. Specid8 cally, beyond the

adj ust ment _reference axis (Q040) in Fig. 11B, the
ta%@%?nrbﬂt5§gof11?he EResé é&ﬁélanehaﬂ?mdfﬁﬁ?naﬁJQﬁtment
equal interval , condition. In the area (title

Agf% THENES ARBAS| ﬁcgﬁé) 501 IRy -sdAdwi ¢hed t@étggéehﬁqms of
axj 50) representing the present tinme and the
ag?%%§§gﬁ?%r%?gFeﬁ58 tPnd SRTEoredgxofrdvgfe interval

' ' ' d SO as to
oSSR, On PBef REBRS) éféﬁg;isab%tmiﬁg%ﬁ i Fig.
Pt r cted r
e el A
(t@ﬁ@%ﬁréé@ﬁ@st§ﬁgmgnﬂntﬁéga%}%g%%géﬁ ?ﬁgaﬁgpﬁgsklme axis

respective routes so as to g
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the adj ustnment anounts. This preparattfon netho

beiteacrddess agai dul @ efhé Ncgdes ai heoBehar @efnﬁ@‘kaltlgeequal
follow ng summari zes the basic concept of the target

r duttee prabaratd dni oret hosa yéd hori ef & epeedt o+ Eigsoutdsand
13. Figs. 12 and 13 represent the basic concept 20 of

10 hahawn pirepaire. tl&etit ol gsosmilgle to bheppresentse
invention. Firstly, a description is nade of what is
sHOMFS S Hiapgear. raues 1shown piovided 1bBilebgr aigusheng
COnCeeprtes%tectthieveadgout?gen;snsto aa(seaéga;c?dt}g?gggltu 121'?? Soints

(CO1lA, CO2A and CO3A in Figs. 11A and 11B) obtained by
the adjustment amounts. This preparation method will

15 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

20 of how to 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

25 horizontal axis represents the time while the vertical

axls represents the position of a given floor in the

building. The graph is divided by the. adjustment

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



preparation nethod. In the graph of Fig. 12, the 25
hori zontal axis represents the tine while the vertica
axis represents the position of a given floor in the
bui | di ng. The graph is divided by the-adjustnent
reference time axis (D04) into two areas. O them the
left area is the adjusZ®ent area. As briefly
icrlbed wiith Fig. 11B, the adjustnent area is
G cREGD Bét Jeélen amélsmn}%ltaﬂrsea( D0Ps repraftlantdercribed
the P E%ent nd the adjustnment reference tine
ax P E BS & G S ntl?rQQN%ﬁzﬁQQQW%Qh%%d as
é %Q3|en% state area, Eﬁ% , an area for
tr REVEPBN DS aA™FdE&rLs ¢ dr£qngQﬁﬂﬂlQQHQQQHﬂresent
S n 2 beyond t he adj ust ment
?éﬁ%ngggt ?ﬁg Ll Sttg‘eé‘ &€ %& Catd e &K1 L5 RO U4)s As

sansat eg fheEegl NeAERER 2 8opl 42 Se“ LN ﬁt}%sg%a't

t enpor al At erval “stAt e

St§£§té5a983eréhgg L tgﬁ QQE%S%%§n%ra% 1%9&%§dfn ideal

guide the cars into the I'deal state

St@éﬁp@f&@lQDgéhathﬁte%3aqelk%E% th%heC%ﬁ%%% u%ftu%fE%

the adjustnent area to control the 15 tafget routes.

ThiB02) guegofbovRet HajpEeRBRECTcifBRbncRl @RS sbhald8ls 5
routes by using the adjustnent area. As al ready

desceadedshatef byemnj t bhEtgis?, ahabgeh WBEL@Stha @ars are
prepared by four processes: 1) drawi ng the current

10 preei eeetile ol esh¢ STAGA LI he®pgrally, eFphactaliatibatiang sthe e .
20 current tenporal phase values of the respective cars
onfN¥he adiianpbphtretetente generaked (STZBR) ad3lstment

based on the current tenporal phase val ues,
cARA TP RS &9 YstRenthansanesinbontike tHealespetei va

car,s cone
AR steaé& 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
(5T704). Thus, target routes, key to the present

invention, are prepared by the four basic processes



tenporally equal intervals (ST703) and 4)'obta|n|ng 25
target routes by adjusting the predicted "route grids
in the adjustnent area according to the adjustnent
anounts (ST704). Thus, target routes, key to the
present invention, are prepared by the four basic _
processes - 30 shown in Fg3013 according to the basic
concept described with Fig. 12. The despr!ptlon has
be&ACHRddNof ighe l@a@iC@onﬂamrtem@he:mmu o cer
reparation of target routes, 5 their genera
gpéEﬁFF&h§daHdtph 1§asilE -preparati on concept and

rocesses. etail ed description is nade of hOM/targgt
Pout es are QFE‘ﬁa%@&c\ﬁlPﬁlP@f deen e arp MRidgs .o thel basti ¢

[ i pti ill b de of the 10
et oty eSS R Kbt vt osees,
j kn Fig. 2. The curren gnpor al phas
Sval Tt o e AP GPBrBER P E03BS 1 G B Ea RS
in&gﬁgép£og£8 BESB@EQEion part (103Bl), an adjustnent

reference tine axis §nging part'(;gagﬁ)é ?p adgusgrgPt

15 referenceat| - . Vi

phase val ue %a?gﬁ?g¥%§g %Efﬁggzgggifszngﬁ f?rﬁﬁggﬁj:get
h I S ay,t At
Br2%§$%fi%ﬁepgf%b?%%§8?§F t he chPe%t preé%gteg’r&afe§4

ofatdiel 5 eSpREt f VESEAr § @égcpisi’é%ﬁdw@iét he imﬁid(ai alr 246
routes. These initial routes correspond to the pre-

10 adintment ¢emgyetenovsit of pERéi t88g8R0WBLLB Fir@paldfiohn
the adjustnment reference tine axis setting part
(1 on arhed} ust neig . r2f er Bheectic Fen8xtempsraet phhle
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 (1l03B3) and a temporal
phase value sorting part (103B4). 1In the initial route
preparation part (103Bl), the current predicted routes
of the respective cars are prepared as the initial
20 routes. These initial routes correspond to the pre-
adjustment target route profiles shown in Fig. 11A. 1In
the adjustment reference time axis setting part
{I03B2), 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 are

calculated on the adjustment reference time axis. With

reference to Fig. 15, the following describes the



the adjustnment reference tinme axis-based individual 25
car's tenporal phase value calculating part (103B3),
the tenporal phase values of the respective cars are
cal cul ated on the adjustnment reference time axis. Wth
reference to Fig. 15, the follow ng describes the - 31
tenporal phase value in detadl.-In Fig. 13, t he I
horizontal axis of the graph represents the tenpora
ph&§BPPLPde PRAISFe VEH& ey et idediaidyi s Irreﬁ:@senla%, ttHee -
osition of .a gi.ven floor in the building. The grap
gh?ﬁﬁﬁ lizﬁ“%aé. a% Si Rdi Egﬁegrépﬁr FPEESE T Suttd o ft emporal

i ti hat this predicted
roblasBs vEtlen by 15 %E%F%tré;fﬁe cf%xaﬁ A AL
: ] cteda_r e .
of PPREEFERCPEC, bEfeRl g%ﬂ?fAlB?%Ss 5&?%11@ e e
‘1.h [He r.o I 1 g.
Sy b1 B e Reb ot oty o gaisare a0
fuactyghor Ihe gﬁagﬁeogsghﬂptlgnsgﬁgﬁ gggspgkkolg.%d

this predicted route given by a perio f anct

St aptit89iat gt he S ' QQF ' e- .0 .
Curohitgial oLy bochet|ag) e, Hpaceng paihed tasita o

car: deEcendkagp segnené pt&R2ctBdFrgytedS) corakiing EQ?;G. 11A)
round in the building. Here, the phase is considered

asof hehé | Dbrsposati bn. FidcchLAi Bgkyespbanst B8 €ahsi $oake.
the lowest floor, the phase is considered 0 or 2n
10 ( rB%) shewkevi ke, pybdhctde Outar (C8lat ihheiki.gheal of the
floor, the phase is n (rad). In addition, simlar to a
si hbsdt ded T wevel'1g hel bhake gsveronyi depedipdiit fuaciton.
pol.arity when the phase is between 0 and n (the car is
as%ré%og%iﬁh vheriehg- njergaﬁl”ll‘?/‘és 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
(G0Z in Fig. 15), making one round in the building.
Here, the phase is considered as the floor positicn.
Accordingly, when the car is at the lowest floor, the
phase is considered 0 or 2m (rad). Likewise, when the
20 car is at the highest floor, the phase is n (rad). 1In
addition, similar to a sinusoidal 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 n and 2n (the car is
25 descending). When the phase is n (at time Tn in Fig.
15), since the polarity of the phase changes from

positive to negative, this point of time is named the

turnaround temporal phase Tmn. In addition, y_max is



when the phase is between n and 25 (the car is 25
descendi ng). Wien the phase is ri (at tinme Tn in Fig.
15), since the polarity of the phase changes from
positive to negative, this point of tine is named the
turnaround tenporal phase Tns,ln addition, y_nex is -
32 wused to nean the position of the highest fl oor.

Undeed tleseas SWeEe e =andidd Qm,tﬁéﬁ%itr%%&f’{ ahy phase Under
(0]

value tp (0 <tp < T) of a given pol f a predicte

r otthe sies a sdefrenied oy itthe rfsol 1t nGrgatl s W TR
(Tn/y-max) x y (car ascending: 0 < tp < T%mé. (€§I¥?)EP

-1 (T < Tp) kyTmaxlf % ywiveh eAntdescendingi ckdg TR is
T) (2) Where, the anount y is represented by the floor
axilefinnd bganset lieldawisigprediaaties .f| oor 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) (Tn/y-max) x V.

> TebPoF al TRhEsBa ¥4l Weyt pChs ehaendtippgi z8d<i npt katr)the . (1)
anount of phase of any route point can be eval uated 15
uni quely since di nensional conversion is nmade from

phase to tinme. Thuys, by using tenporal phase val ues,
itt?s_poégibTeTFby§a§?¥§ gvdl tiafe the degree of

tenporal _equal it f intervals anong the predicted

rout es t?a?h§e§%§ﬁgﬁ?9Ve$Eastp26 Réturning to Fig--2, (2)
in the adjustnment reference tinme axis-based individua
car's tenporal phase value calculating part (103B3) of

thmcui | eile RIMRES) PDAsE,yaLUg &8 SY! ahing BLock .
(103B in Fig.
and means the car's predicted floor position. For

10 example, the temporal phase value tp of a predicted
route point (GO03 in Fig. 15) whose position is y can be
calculated according to equation (1) (Tn/y_max) x y.
Temporal phase value tp is characterized in that the
amount of phase of any route point can be evaluated

15 uniquely since dimensional conversion is made from
phase to time. Thus, by using temporal phase values,
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
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2), the tenporal phase values of points at which the 25
predi cted routes of the respective cars intersect the -
33 adjustnent reference tine axis are cal cul ated by
using equation (1) or (2). Figs. 14A and 14B show how
a target route is prepared. To facilitate _
under standing, only one car3@B2rd car) is picked up in
this figure. In 5 Fig. 14A, the predicted route (C021
i n IS TENL | eLeirvee dsine preiadinstoehtulat gétbyoubeng
profile. This predicted route is prepared in the
i niIFF"AT 1 Bute) Fepediat i gHi-grar t14A08B1 148 Fi gho)hoifhe
adjustment reference time axis (Q040) in Fig. 14Ais '
settairﬁrét‘%hé%eadj%ﬁ%ﬂr%f erkhcea ¢ bt ave surscléemf@nd%ng,
103B2 in Fj 2) .. The tenporal phase value tp o
?ﬁ%’%& edét &&* r(c?d*t%h C@%r’t e FIORA dp on &hﬁ%li;gure. In
adjust t, reference. tine axis (G040 in Fig. , or
Che PemiaPal TBRadd CUSTES 15 B o Bl it G060 :jwf:x gis
14 eL h S_predicted route of the second car .
i n)té)eiﬁ\s‘yglctag ttahgn'ﬁ:!aaéﬁIlal g%rt%lﬁtn%r gfaerrgéﬁjfcé:qqtr?e.%ﬂgllg%- ) Thlds
ca b .adj t, r.ef erence .ti. axi s- base
ing?gFgggﬁdcgf'E% ﬁ%nggggg%%ﬁaég 3§jf§ﬂiﬂig}zﬁi%ﬁﬁpart
1p3BgakrAtkbd. patk- (hB3khe gagq of sthe iftersectin
éo?n?§%565EF% Efg% ég 14R,l§i§§g thé canF%E§§65ﬁ3%H&

(betdeesnbe( tagy ards! icotoad)ni Brighage, itsh%,ette%ort%le
phase value tp can be calculated fromthe car's

1opr@dﬁusemepostEEemencacemmaiagibos@&%ahPORaQ%)wl £ in
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the period T can be obtained fromthe owi ng dat a:

t hElgunder ofhet beipsrab phathevhliledicpy o fWittieh R cted

story, car's rated speed and ‘ .
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
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.
14A, since the car is ascending (between 0 (rad) and II
(rad) in phase), the temporal phase value tp can be
calculated from the car's predicted position y
according to equation (1). Here, the period T can be
obtained from the following data: the number of Stories
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 above-mentioned data.



current traffic-dependent average stop frequency and
stoppage tine. Likew se, the turnaround tenporal phase
Tn can al so be obtained fromthe above-nenti oned dat a.
-- 34 The highest floor's positiony -nmax is a fixed
val ue dependent on the buil¢jng. Referring back to
Fig. 2, after the tenporal phase values of the

r eShechiigaeedr $1oatke sCabeyktabad ownathe Ad YStRNt 4146
reference tinme axis 5 based indivVvidual car's tenpora

phéspendkbue ocal chkabungdipart &E@3BIing gk Do Hilese,
t enporal phase values of the respective cars are

soafedri hhe thepbmeiephbng vatdes off phaseclypdddt@ve cars
tenporal phase value sorting part (103B4 in Fig. 2).
Heaeenafienlathidsbpr tbe adjdennmted 16fasecnrer €asieNGxis-
phase order. As described with Fig. 15, the tenpora

Sphageedaltdivpdenleash' sateihpodeli pbdsedunilng ea¢culating
period of the waveform In Fig. 15, the nore the
wel@For it P3BadvanEed; Zhe thegertemporsdpphakephadees of
val ue becones, On the other hand, adjustnent is 15
melde® soE TRt T Ve $PER)2ke TSPEtadt Layot pheFonceramphg,
cqgéiger r tment target route profiles (or

dEheh e-.adj us _

predi ¢t e? r%u%%%)b%fg?%r%%mE%f§ i RNEFY. vaiKhe Aeebisbngart
t j nts. at ' t he, di cted t 011, (021
it SRR B A TR E s T heS aF et nter detot e
2 ' i 040. i Fi 11A),

10 P MR SSASLIF NI £ SEIEF) 25 aRBer abSnadenuAthe, 15,

faldonathdy:d NG iseconth (8 9% 2 Nenchheafl 1stagal Ly

i ncreasi ng phase order. i s order | ermned’in
t hetienposed Rhase) ot U SoF 4L BRIt {10BR¢ i D Fi gy 2)

25 by using a sorting algorithm (for exanple, seflection
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) of three cars in Fig. 11A. According
to the points at which the predicted routes (C011, C021
and CO031 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 wvalue,
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 of the respective cars

and their increasing phase order, the adjustment amount



sort, bubble sort or the like). Based on the _

cal cul ated tenporal phase values of the respective cars
and their increasing phase order, the adjustnent anount

- 35 calculating block (103C of Fig. 2) calculates the
car- to-car interval of each car in terms of tenpora
phase, conpares this tenpor3t phase vague rﬁtr a
reference. ,val for equal intervals and cal cul ates
{hGTLCBLaF £PEr BlEE%as 10RE Adj Gstimort AMdEMidics (The car-
tepporal .phase valuye of the car. The basic concept is
toggﬁgfﬁuﬂgpgryﬁl 8§r??8hcgﬁriﬁPeF@§WS(Pﬁ &Rl phase,

h di d tes,

conmgpdreplPREE) cBhpEREl FBaovaral Porishun ereaRian
e LET h t. for

o A5t enr” TARTh CRE: Lade BROrEq I CHEAT e Far ow ng

5 degCEFDESHhOW, L h@hien?iélgi.lgEﬁlgaﬁg%;éng)kﬂ’x?%g%a!trl%%gi%%?np\é%laﬂe

adj ust rent anount ca atin

OpSH 2t €Svallle Fh8- tAdAcaRS d@ﬁerbggqce%hhgbt the third
by the

15 car cones first, foll owed second car and the

ficslceBatd nthacegastBgcpbPaseordgl 2¢a0kdi-pg %%CE%ﬁporal
tenporal phase val ues of the predicted routes ,

Co2ased &D3dadch Fag. f23A) tRE bb@dﬁ@ﬁ@@ckbﬁ%e§§r%oﬁ%are
the adjustnment reference time axis (C040 in Fig. 11A).
204 fwihe peredelreficeachlpeedoet eduadutifatiesvgiveanay T
(common to the three cars), the tenporal phase val ue

10t adcwkatheteih duffésencp(83 the. 88Fufior fblke third
car, tp(2) = 0.17T for the second car and tp(l) -~ O.77T
f AditREIenst cBakinhethespesei 08 Eag-t blBar that Epvabging

25 are calcuylated in increasin hase order. The result
!%escrl es how the 1nd1v1dualgcgr's temporal phase value

adjustment amount calculating block (103C in Fig. 2)
operates. In Fig. 11A, 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 {CO11,
C021 and CO031 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
(common to the three cars), the temporal phase value
tp(k) of the k-th car is: tp(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



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 - 36
third-to-first car interval. Thus, the respective car-
to-car intervals can be eval uated quantitatively using
t he tenporal phase values.-That-is, it is found from
the result that the second and third cars are very 5
cl &8d I85 t0adH ot &2 SNt&E Ghle pefhed | BheT, reseechiget car-
car-to-car. interﬁ%l to run the cars in a tenporally

d

eqi&™ PRt AF&IT Y Eroks SVHNVET e uartitar tveby aneing

i_vel ontrolled.. In the case of Fig. 11A, the
¢ 2?3%? E!E‘é%&?f@% Puthés?/ ¥3195 5337 Widicel Shride Tarkownre fyom
erence between this

i Led. The di f
Carhet PR Sy A i e o oL Gt G S T v~y

SSheﬁbgeb%erBE‘gn@ttﬁgrpy gl st %e&nﬁt a)egrg.ro | %%gg‘:’f}f;h&rget

second-to-third car i nterval s

0. -£5-84533 0,Q8T hrst-to-second car 1
in%ggng gﬁgu?gtge?ggr%gcggg %?e-&?f ﬂﬁ:%f%ﬁ?PQféi%¥n
angdqtibe Lhtedvho- Ebhat cgan ot enval, %he,obﬂ/% he Gorsgcted,
by +0.01T (= 0.33T - 0.32T). In this context, the
posbliwetsghyMeansrb01LACr ease thie cla@%eb\fa'm@ﬁ %gﬁ,t H&e
current interval toward the target) whereas the

negatget sngarveansstD/deer 0aseTt Beniclt ehval A3 QWe
the current interval toward the target). Based on

10t heskleotieelvononttakiefior AHpudiiffigrihee BeeidalnS this
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correction values for the tenporal phase values of the
r espEget ventarsahrendateal avedenthiari-sopoasi bhe elkyals

usiqg the follow ng al gorithm For exanple, assune
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
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). In this context, the
positive sign means to increase the interval (widen the
current interval toward the target) whereas the
negative sign means to decrease the interval (narrow
the current interval toward the target}. Based on
these correction wvalues for adjusting the intervals,
correction values for the temporal phase values of the
respective cars are calculated. This is possible by
using 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



that three cars, car A, car B and car C in increasing
phase order, are collectively controlled (for
general i zation, here, each car is given an al phabetic -
37 nane). Ther,~fore, 0 -<tp(A) -<tp(B) <tp(C < T
is met. Here, let us denote 5hg tenporal phase tine of
a given car by Atp(k) (k ne%ns car k). For each

Camhakre) .Carrheigiord, o becomp Qqﬁﬁ!e(zg)gli g‘t\‘f& ch)r 9ty g

interval T/3 5 after adjustnent,—

ti. t lbe nmt et ) i
eqmatl.onslerdst 1 @t derldd Bh WQ% Q%&p{%@hme of a

AP(A) =T/3 ... (3) (tp(O +
At giB ¥/ By. Atp(4& - +
DG ToF DR (O0kbhns B A, o AP carcp-

where the current tenporal phase value is given
St pgBferAsdondimghy, tequabilonwid)y edgizeales thate e net
di fference between the adjusted tenporal phase val ue
of car B and the adjusted tenporal phase val ue of car
A, or the interval between 15 them nust be T/3. Since
the abbBéBtht e@tBdBAli ondtrid) mottprdeperdant of .each3)
other, only these three equations can not be sol ved
for Atp(A), Atp(B) and Atp(C). Therefore, another
condi | s, adde This condition is that the center
of grg9$p§io? gﬂ%?%b)defFPb%ieﬁ ABP$BiisE AdB change (4)
after they are adjusted. This condition is expressed
in ternms of the tenporal phase value of each car by
t he 9l ow tio 7~ 38 t +1p (B, +tp
(&) THE N epled) A8 £ EPIBSTE

tempor ahtphizsé tdObesbue kesudilved Rnd REBget At Bvar 1/3
by

In equation (3), the adjusted temporal phase
10 wvalue is given by tp(B) + Atp(B) where the current
temporal phase value is 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
15 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

20 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.
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(tp (B) + Atp (B) ) + (tp(©Q + Atp (©Q) } /3 ... (6) 5
Equation (6) can be sinplified to equation (7) bel ow
Atp(A)) + Atp(B) + Atp(C =0 ... (7) Solving equations
(3), (4), (5 and (7) for Atp(A), Atp(B) and Atp(QO
results in the follow ng equ %i ons. 10 Atp(A) =
(-2/3)tp(A + (1/3)tp(B) + ? /I3)tp(C) + (-1/3)T ..

(8) Atp(B)2)= { W8P (Aeghdr2/3)1p (1 9)
At p(C)pj(:Fa)(ll 3)tpp(30A)) : (ﬁ(s)Jt%/(aé) J@pz% *tlp&)(éﬁg ¢
(2/3) T ... (10) 15 In summary, wh e phase
values tp(A), tp(B) and tp(C of ﬁ]brxe@e)ecargtp%@@ aﬂd C
neet the relation 0 < tp(A) < tp(@)pﬁ:)tp(qtﬁ(a})}n
correction values Atp(A), Atp(B) and Atp(C to adjust
the tenporal phase values of the respective cars so agg)
to put the 20 respective cars in a tenporally equa
interval state w thout changing the center of gravity
of the - 39 distributed respective cars can be
obEgRAEdONr d§pectny By saopdridiing tto equattions (B) ,bd1Pw.
and (10). In the case of Fig. 11A where the third,
second and first cars correspond respectively to cars
A, B and C, tp(A) = tp(3) = 0.09T, tp(B) = tp(2) =
0.17T and tp?&?qgigtﬁ(éfpi£®.77¢FPAééoFﬂthly, as the (7)
correction values for the respective cars, Atp(A) =
Atp (3) = -0.081T,

Solving equations (3), (4}, (5) and {7) for Atp(a),

Atp(B) and Atp(C) results in the following equations.

Atp(R) = (-2/3)tp(A) + (1/3)tp(B) +

(1/3)tp(C) + (-1/3)T ... (B)
Atp(B) = (1/3)}tp(A) + (-2/3)tp(B) +
(1/3)tp(C) eo. {9)

Atp (C) (1/3)tp(A) + (1/3)tp(B) +

(=2/3)tp(C) + (1/3)T .-+ (10)

In summary, when the temporal phase values
tp (A}, tp(B) and tp(C) of three cars A, B and C meet
the relation 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
respective cars in a temporally equal interval state

without changing the center of gravity of the



Atp(B) = Atp(2) = 0.177T and Atp(C = -0.096T are
obt ai ned according to equations (8), (9) and (10). For
10 verification, the adjusted tenporal phase val ues 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) = B3B43T and tp(C) + Atp(C) =
tp l% +. Atp(l) = 0.677T. Al car-to-car intervals are
159t EFéPBF@dOFgﬁﬁ?cﬁéE?iﬁ@rﬁhéamnb@;@ﬁﬁ?yﬁﬁﬁ:2|ng
' nt . Ref ing back to Fig. 2, the follow ng
br BYPHES CAVARY aRFEATAL8Er PR Paes onsu Ble ddjustet] (201
{ ti bl 103D of Fig. 2) operates to
or B éiﬁ?%é‘t'sﬁ”raa?éiléywnsrﬁgtpﬁete@,mecfs,ie@ﬁ%m
20 [ [ he individual car's tenporal phase
vaf BESE L5 e RehPeanBtiny FeaPeaf drrny BPocripLB0c And C,
Fi = | rstqi he_adjusted_rqute pr ration
S @) 2 B (d] Tstol fothecadbystegoiopte B SAATALLOR,
pr@'tﬁ‘@l }JSL ”@.n?'l ar gﬁ&%{gpgiﬁgléécogge§88ng§?‘ge%§|lg)l&leérl% &es

predicted routes) of the res tive cars

byrdhechadivk st i farcsrs OUALL A ) d-adi Hskyent _amunt,
AL =RPS

i
calculating part (103Dl in Fig S are shown'i'n

Fiarp (#A. = Toch agj | £ tal e7wndghat gegi(a?, =FLg. ob#A shaws -
40 the pre-adjustnent target route (corresponding to

t heot piresti cdech ralie) tofeqlhier s68oNda car (ah opad A185i.d por
is defined as a turnaround point of a route of concern
10 wivied inf 1daet ol ustinerad pueted | tefporal4phakbr eelBes of the

turnaround points C022, C023 and C024 of the pre-
adjIRRSRNEVE Fyet st (CokdYedr e Thedsefubst tbctpdAo+
t hese three turnaround foints wi thin the adj ust nent
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 (103D1 in Fig. 2). Grids are shown in

Fig. 14A. To facilitate understanding, Fig. 14A shows



area). The tenporal phase of the route of concern can
be adjusted by changing the horizontal positions of 10
these grids. The grid adjustnent values are deternmn ned
one by one for the grids in tenmporal order starting
fromthe grid nearest to the present tine. The grid
adj ust nent val ues nust anmoun{Cin total to the
adkgstnent val ue determ ned for the car. Each grid is

PvBRETREIPALEST ddigstmeinuteal @@wmhrwesg gm the
ter alue et to the grid by the gri
Ffﬁ?g F-CGEPuméoé’ &€Pi Rg 633& fS(elff@@z q%dﬁlgmeg) Iirﬁgm@ is
14A, th escri bes i's
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.. He
A G ST i il o
h d in
5 eShERRrbulTBoES hES EE?S?%@%&E UcE o, B st s ven

'n§£f§§§ﬁ9nﬂugggﬁét Bu@gd'EE y Lgt rg%lué%%? %i?%qgato

is used"to denote 't I|n1te

mayh 83N adiyst PERLaY8LIHE ﬁbhﬁ%@d E?Blhh%hgrbgaug@%ent
tenporal phase adj ustnent” val ue or t he secon

t pd 2a ). ﬁﬂpﬁé)temﬁo@éBTpﬂ§séab§UEﬁEeQOQQQV%f b%nce%% can
distributed as Agtp(k =2, i =1),

ante Apdjugked By thandlnwhthb H@rm@bneﬂe?ds&laﬁons of
respective limter values. For exanple, the limter

10 vathese ofridie. re@pecgrué gdjdstaertLAgipék sr2, det®rhlined
5 =0.2T, LAgtp(k =2, 1 =2) =0.2T and LAgtp(k = 2, i
;”one(pgjon@h@ogdyhgtqgn@svahueemporaheotdestsgamd;ng
ﬁﬂ%égm the gild g%arégtsgé égeopggg;ntpgigék =Th’e grid

adjustment values must amount in total to the
adjustment value determined for the car. Each grid is

15 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, i =1, 2, 3) is used to denote a
20 adjustment value to be given to a grid. Here, k means
the number of the car (k = 2 for the second car)
whereas i 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,

25 2, 3) is 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
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1); limter value) at first. The remaining required
tenporal phase adjustnent is 0.343T - 0.2T = 0.143T. 10
Then, the adjustnent value for the second grid, Agtp(k
=2, i =2), is set to 0.143T. Since the remaining
required tenporal phase adjustment is zero, the
adj ust ment val ue for thg tEI Ad g'“ d, 2Ag: E( klg 26” Ius?%ed
is set t. . Referring back to Fig. 2, e a :
m@%@%%#%mﬁmgﬁﬁyﬂmﬁmﬁﬁm%29“;=m
calcul ates the adjusted positions (gp- ,
reé‘%&fc%‘f}? g({]ﬁ ds 4rom h:g) ﬁﬁﬁtn@%l %’i%‘fﬁi\g%ﬁ{(
i))far respective grids an e pre- . o
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(k=2 , i=2) BN (12Y gp ngzz"léf)ﬁgﬁét_ , 2
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is adjusted by the total tenporal phase
temporal phase adjustment is 0.343T - 0.2T = 0.143T.

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

gp_N(k=2, i=1) = gp(k=2, i=1) +

Agtp (k=2, i=1) ce. (11)



10

15

adj ustment 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 cal culating new target data. In Fig.

14B, a route drawn by a thickzlirne is the adjusted 10
target route prepared based on the pre-adjustnent
target route (corresponding to a predicted route) shown
in Fig. 14A. In h% 14A,_ the pre-adjustnent target
route is drafy x4'hilTOhdl R (¥ ( G72) thereas the
adjusted target route is drawn by a thick chain line 15
(C021N). An adjusted grid posidddh ¥ catthl ated in
the adjusted grid position cal,c Iaglé_% part (10303 in
Fig. 2). As a result of adjus “Tdre Hrad c022-is (12)
shifted to C022N. Li kewi se, the grids C023 and C024 -
43 are shifted respectively to CO23N and CO024N. By
connecting t hree ;anids, Jt/1_S passj,ble to draw
the thick chgiﬁs}ﬁl(itknez'réuge) (C@jfl(lif)—%ésgé%r?evﬁy updat ed
target route. As apparent fro g —tAB,: 1-he newy 5
updat ed target route (adjust eg]gﬁggécﬁr olutl) +goes
through the post-adjustnment tag@etkRoi nt;_sat ,according
to the tenporal phase adjustnent value. As shown in
Fig. 11B, since the routes of athp (kespegtdzje cars ar ez
adjusted so as to go through their post-adjustnment 10
target points as described above, the resultant target
routes (COL1LN, CO21N and CO31N) are in tenporally equal
i nterval staPengfter edzuatirestnealueefereacertiidm saxi s
(C&Afge(isgilii g, 11B). As a matter of course, the

ve“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
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. 1In Fig.
14B, a route drawn by a thick line is the adjusted
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 {C021) whereas the
adjusted targst route is drawn by a thick chain line
(COZ1N). 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 C024



respective routes (COL1IN, CO21N, CO31N) go through 15
the!or post - adj ust nent target points (CO1lA, CO2A and
CO3A in Fig. 11B). It is also apparent that the target
routes adjusted by the grids in the adjustnent area
play a transient role to guide the cars into a

t enpor al | y equal i nterval coddi ti on beyond the 20

adj CEerence tjme axis. The foregoi has

pr otj:lgede a aee aﬁﬁ’sé&e%%%‘éz]r}gtn?%nc%?hﬁfﬁ@%?iigﬁgg o
t cess hase
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deci ded to performno

updatceujghdgﬁ%n?)os&_o@d Qistrr@ﬂtt %atlg%%tp&%sqﬁ %ﬂ‘ accordlng

deci ded to perform up ate cont

subseghientespepalTheawrdats u%ﬂrdédﬁﬁwld@t had, "!HJ@Z in

described later in detail with reference to Fi
| fFig.i $1Becisdadet thepdaieesher takedel SHlHtESe &L are

nunber |oop (ST202) is executed to apply |oop

prddeédstagd 66 eachocgp. thmouhe hoepr PoRESS Gt mEnt
current tenporal phase value calculating 10 step is

ex%%ﬁg%a PST203) asTHRSCsibpdi sbexecutbe e stile aneUn=eife t

e value cal cul ati ng bl ock (103B)

de’é f%%d?ﬁﬁfwercmﬂ £ng. C31Wheara dor tempotranmigr alqual

phﬁ%@e%@afesggtéhgf£g§ttﬁgral?uggkggkagg%erggggrggme axis
(C040 in Fig. 11B). As a matter of course, the
respective rcutes (C011N, CO21N, CO31IN) go through
their post-adjustment target points (CO01A, CO2A and
CO3A in Fig. 11B). 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
adjustment reference time axis. The foregoing has
provided a detailed description of the target route
preparation process based on Fig. 2.

With reference to the flowchart of the target
route preparation process in Fig. 20, the following
describes the flows of the target route preparation
process. At first, it is judged whether the target
routes are to be updated (ST201). This step is

executed by the target route update judgment block



exits the car nunber | oop (ST204). Then, a tenporal 15
phase adjustment value is calculated for each car
(ST205). This is executed by the individual car's
tenporal phase val ue adjustnent amount cal cul ating

bl ock (103C) in Fig. 2. This processing is already
described in detail. Based oh?the tenporal phase 20

an GPLL 68 Folice 2pr opr oty orf Slespitiedl p oA GE 1o
(SBHEFe R EEyr eI e R e (g i Eontrol
(1850y 525 PEPGeRY- TR 1 G eBbL o ke update,
T L S R

st hﬁu&@heﬁﬁHHSEhOBOQELQSE%O%s‘c‘}iﬁo%{;fﬁfé%te the &ez‘}{%elt qith

route preparation - 45 process. th reference

f | ppebachcel tbi Big2424 .t heef bl QW PR AQY 485 Bdate the
detail ed description of the target route update

j udgreet pootess. alakgehyimbbar ebpd (Ka¥ies MBY h&cuted to

updated by three nmethods: 1) periodically wupdating the

t anget yr bodpspadcessingntbneaenakar.2) Indenectioag t he

di stance between the target route and predicted route

of Pe@ehseang ( hereinaébbr tempbred phesei Madier @alleulating

di stance) and, if the inter-route distance 10 exceeds a
10 ceftop nivasxecutpdat FR30Bhe t Zhget stept és; exandt@d &y the

conbi nation of nethods 1) and 2). O them Fig. 24

coT HeSPOhdsS R Fet e 3§ . VEL HReFakethed iy Bl ocket(RO3B)

Z)déggkfgégxggfgfgrbxi ﬁr%£¥.u%[ngwgg%hgdcﬁlient temporal
phase value of the last car is calculated, control
exits the car number loop (ST204). Then, a temporal

15 phase adjustment value is calculated for each car
(8T205) . This is executed by the individual car's
temporal phase value adjustment amount calculating
block (103C) in Fig. 2. This processing is already
described in detail. Based on the temporal phase

20 adjustment values calculated for the respective cars,
an adjusted route preparation step is performed for
each car (8T207) by executing the car loop again
(ST206) . This adjusted route preparation Step is
executed by tne adjusted route preparation block (103D)

23 in Fig. 2. This processing is already described in
detail as well. When the above-mentioned processing is
performed for all cars, control exits the car number

loop (ST208) to terminate the target route preparation



At first, a watch or tinmer is examned 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
processi ng corresponds to the processing done by the
conmponent s downstream of theéltarget route update 20
judgnent block (103A in Fig. 2), or the processing
mh?gﬂchsdone (by the ST202 and subsequent steps in

B e e R )
i e . . (ST602 |

CERET R C R AR QL BB
di — '

o g P S A OB BeRaR s Sed Yo arget

each car s dista Yot

5 SMBbhess thap @epﬁséisiga_egyt Bﬁfg@%gtgé&@%h-) gr%gé;od‘i%auy

di stance (inter-route distance) between the’t

fOuﬁﬁaﬁﬁﬂgtﬁﬁepf@ﬂ@éﬁ?Qoﬁ@@geaiscéﬂtgﬂﬂeﬁnkg Ladiscabeg
how the target route is distant fromthe preglcyed
ratgeectThhg whé | dbet deserbbedebat ehei Badgbai kowekhalg
reference to Figs. 18A and 18B. In short, a

predsd srirediedou te eshodach scasedhépejidgeewhet-hen eihehe
target route is so deviated fromthe predicted route as
t oreuireuicdrdbstimee) ldndheif ntiee- totte-dbatanaeseknce
any one car is beyond the threshold (ST603), the target
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inter-route distance of each car is checked (ST606).
| e’ )i it TRt st ahdregrodnyl bagnds2 s mal Pér thhan

t@atrw§?hold the current target routes are used
ig. 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

predetermined 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
components downstream of the target route update
judgment 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. 1If the update period has not passed, loop
processing is done through a car number loop (ST602 in
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 (ST603). The



wi t hout 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 detéfnirned ('rigid target 20

rout.es' ). Since either has both nerits and denerits,
it dilgst%n(alﬁ’lt@}%‘df%pﬁ i EREds) seatwérn t Woe coatget

iod and inter-route
O BB o, Lo A b Uid 1 31 v 1581 cate
[ [ i pti f 25 the
o A e S ant Ha dfordfoa bt ed
ta rout-e-ha el evat or _grou su_ervisory contr ol
of Etgﬁgeﬁr etsrglﬁ ?’%@%nh%%{esﬁéb@&oll&\ﬁpﬁ 10t SRRl avith

d bPE t 0 RLERAr redi ¢t ed routes mhich -
54$§6£%£E2g%sgﬁtggg%ﬁ éﬁﬁd%%&eﬁﬁg‘act 1S9 re@ ori es of

oytes, tQ prepare
br R kb thakg Rl %tédisf&?f 5e ﬁtﬁ?{ e
Fi , 121g8N r .0, ;
f:?if?gtng?gﬁ?héf S?egffﬁggédrgﬁ?@%%E%EE%F§%%$§ﬁPHﬁ“§Wbas

di tbereaqticasesrréstabheadyr descrhhed. Bl Ge %%Qf%ﬁ%e of
fl owchart showi ng the general control processing ows

ofamn emevaanrigrbapondUﬁﬁévtﬁ@égh@Qa;ngG@ggteqhbntarget
accordance with the 10 present invention. In Fig. 19,

10t hepetarepdape pprotes eiingr but peprepasat i(gmspLyces §8s:
Predi cted Route Preparation Step A (ST104 in Fig. 19)
antP PP et @t ledl dRetaRCPr epacachonast ép BheSEAAT7 (ST 6Bi6y..

1Qﬁf ng 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 period 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



predi cted route preparation step A prepares predicted

15 routes w thout assum ng assignnent 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 route and as a pre-adfdstnent target route or 20

the prototype (initial profile before adjustnent) of a

t aPgét CP&%@HEG‘ B& e stk practediesudd the
reparation,step B prepares a predicted route of each

gaFggﬁ tﬁétﬁﬁbiﬁ§ﬁ@ﬁaF%5§§ﬁhption that the car is

assi gned. Sughﬂpredicted routes .are used to eval uate 25

provi si onal i JIEREE 2 o PO KHE S Fewiergsibed
- f [ Ei,g. 6, t f.ol | ' firstl
CrbelBRcHItn BrRLER kB il D tred dodtedhd B2, 4)
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descrlbeé ove. an-es

arebuabst bR pabpuhaki 7g ngcbi%%%§£ﬂ§ﬂcl&é%ff&%{%%ﬁﬁady

estimated tines of arrival at the reéspective
a1

5 @ékegibaaﬁrégg.SEQDiEf§QE§B%EhQ?E?s%%%i%b?&%%g%g

t
dat a dependent oOn the current traffic condition; “data
oncoherbal broakksingskesnd be hheonesRectd Ye&fy s (hal
call-generated floors, etc.); data on the car calls
ocsupernisonyt hent espesysvemCans ateat-daaklk- garer atgd 10
floors, etc.); car condition data (current position,
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(rated speed, etc.); available car count/nane data; and
sefYiee PropRrbian (PravecdneshePiedorsetoRbetser ved by

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
routes without assuming assignment 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 from the
target route and as a pre-adjustment target route or
the prototype (initial profile before adjustment) of a
target route to be prepared. The other predicted route
preparation step B prepares a predicted route of each
car on the provisional assumption that the car is
assigned. Such predicted routes are used to evaluate
provisional assignments, for example, when a new hall
call occurs.

Referring to Fig. 6, the following firstly

provides a description of how predicted routes are



the respective cars). As a sinple exanple, assune that
15 a car of concern in a four-floor 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 addi4$on, it is assuned tEat 20
the car is assigned to .a hall call generated at the
seRdREAFFSoPYark eaHﬁ%d%Eﬁqd(ﬁ%ﬂ%ﬁﬁﬂﬂfﬁqgﬁﬁﬂﬁﬂﬁfﬁQpt%e
foyrth floar i s _generat (by. a passenger who has
n?%%%ﬁlkﬁg ehPvEr ¢ e iFst O G5 BS TR tad eafh floor

; cdr at_the first 1 e | i
| 6t L FPOor (T Paf e LAZGORIGEY, P Laerige ity the
[TEOHERGLES BUnbaeoioaRealate ot AHd BB AN LI by
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' : 5 I 0,25, fif.
T oar e g ans 8. 52Uy, s P R s P s e

thigda dkpenaedevwsh: tBe2oursenend Lic@qr Q%%WQE%égugghta

Here, an average stop frequency nmeans the nu

ti o@sthdehalar cs10pSasdkignalven EhﬁOEe%BeEQ%v%V%%Q%e(hall

during one 5 round trip in the building. Under these

comall1+gaserathe €3bbrefedttiMesdataabhi vak abrtha11ls
respective floors are calculated - first floor (up): O
seeccwerbnd fhovthe feppecPiseccatbi ndakl eallfypherkded
sec, fourth floor (up): 18.5 sec, fifth floor

10 (tfkorFaunelfc. BD. asecondidiboudahaf l(corrédowppsil5on,
sec, third floor (down): 39.5 sec, secondlf[oorl
( FOWHICTUoP sePand, 095; ) 1 eaehf Favis gpacnfiioakdpn data
48,5 sec. Reversely, these estimated tines of arrival
ax(E?&F$e§%%%$1v%tgrbbr%V?hH@%b%eC@ﬁecount/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
10 seconds per stop. 1In 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 floor {up): 0.25, fifth



predi cted positions of the car at given future tines.
15 Accordingly, in a coordinate system where the

hori zontal axis represents the tine while the vertica
axis represents the floor position, a predicted route
can be prepared by connecting the points each of which
is plotted according to the £sttmated time of arrival
20 _at the floor BOSItlon Taki ng the above case,

(tEseey, (doyp) 6o ))7-5poﬁﬁﬂ—‘§t(10f19)3r (Zlowpy) : 01253, tRird

(1§ 5, 4), 30. (39.5, 3) &ﬁ4.2, é@
1eas. édOY§)' zée ﬁPSPPQdfﬁﬁoé d@@ﬁ@ina Zoyst dlpre,

wth a horizontal _tine aXISW§t axi s) and_a verti cal

flﬁ%raﬁ%g?g?oﬁtERuSrﬁgueych ?HSAtBﬁeﬁngé& Pduttd MEsn the
red b connectlgg these EOIntS %] %
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prepared nore accurate erring

pr@ﬁécé§ﬂcuP§E§ddatergélgybek'QQ plogkngO4§%Lond floor
prepares predicted route data 5 t rough t

abgy;eygegcgé@;edtmeaeﬂyb@;b@ﬁg? Omgt Q@c e?bh%he‘%lbb@‘es
of arrival at the respective oors cal cul at ed by the
estupnai eds eRched) 0df fBART Evabrt iiBBrnaabadbati ng. bl gek,

(104K). To summari ze the procedure, the estimted ti mes
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the predicted positions of the car at future tines,

ar¥e @l oteeend nf boevofdowal e 4§stem antefe2bhefirst floor
hori zontal axis represents the time while the vertica
axiSurepreseht s 4heSfP00r pBeversnalyA these estimated

times of arrival at the respective floors indicate the
predicted positions of 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 flocor 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
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predicted route is prepared by connecting the plotted
15 points. This predicted route can be regarded as a
function plotted in a coordi nate system where the

hori zontal axis represents the tine while the vertica
axis represents the floor poa%tlon. Thi s function can
be expressed by y = R(t, ereint, y and k (1 < k <

20shopNaige thestsotkalk ﬁ%@ﬁ@ﬁe@fb@a%§%hﬁﬁﬁ d &l
denote the tine, the floor position and the nunbé?

t heheapredIherd tbetkolilsopiregadescHidies ddie fd
processi ng done by the predicted route preparation step

A Refprepapebpré&dicot &dgr.o6t ea wirkhicefker ensed @fig. 25
21. Firstly, it is judged whether predicted routes are
t ochécupdhtnd pIPBBI1) 109BA¢epupgatrieny pirleel ipitedi ettte data
routs ever¥ time inposes a great |oad on the processor
be abaverdesapibed protkedulriekasihi orstee -

51 intends to update the predicted routes at such | ong
i n?%F%%?Ee‘?fBFm@iaﬁﬁl érr@vslséé) the wespectiyesd laors
subs ilal | oad, i s decided to performno update
as“theY %E%@tbﬁftPﬁeeﬁbHﬁPEeFu@@ﬁ@n?loéénﬁﬁéﬂvéilﬁsnﬁhe

ce d to erfornlupdate contro
goesf?of?E%n%u%i%aE ﬂfﬁggi tﬁP@méééée tReobgrCcgdure,
C an_est each fl oor
a?%hga |%%9%§I%§$§$ %f%bv?%T%%Sghﬁnaeﬁﬁe€§ﬂ Vfat ed
arfjyalsti r ta calcul ating
Step (530 %?’Zéﬁﬁee‘?u%%d hEPEOELER BaRliited plse

oL, {RPECILRY, DL T S LRt e

r atieerdative Gad el @it A0 ok OSKrd 3048 t 5N FLOr 1 fe THESE the
vertical axis represents the floor position. A
predicted route is prepared by connecting the plotted
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
axis represents the floor position. This function can
be expressed by y = R{t, k) wherein t, y and k (1 <k <
N: N is the total number of cars) respectively denote
the time, the floor position and the number of 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.
21. Firstly, it is judged whether predicted routes are
to be updated (ST301). Since updating the predicted
routs every time imposes a great load on the processor

consisting of a microcomputer or the like, this step



steps were already described in detail. Wen the 15
above-nenti oned processing is perfornmed for all cars,
control exits the process (ST305). In this manner, the
predicted routes of all cars are appropriately updated
at certain intervals. Althougg new hall calls and car
calls occur irregularly, it possible to apply proper
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preparation step A of Fig. 6 exXce car

5prpybseeBal | ¥ rassi gredeandelnics é%%oﬁ%“ﬁﬂ&ﬁﬂ@“ﬂcontrol
assignnent is reflected in the preparatlon of

predest ed taet eubSpaaichiccalkky. i fInt ke ika da@ecafthﬁcﬁl h a
provisionally assigned to a new hall call, estimte

tioes Oﬁmherl&abpaKSEBGZDespaCéBt&mHU@dTédﬁHEﬂioor
cal cul ated (by an estimated each floor arrival tinme
captbl¥ailnglbocR1E04AL ) nfr strephd SEROB) siaowalan estimated
assi gnment information (provisionally assigned car (ka-
thaéa%yaAnalﬁarbaéaﬁ|pg@ﬁeﬁaeédrpucerdama diadectliagri)ng n
addltlon éﬁ the input information required for the 10

105 3heP al FOH4 bf 258 GFEFHS?Q BPEJRaEBd CREUt e Thiesfoshepisomre
describ Furt based on the result,

oS8 G EGe  BarRetALESHE BUI hpabed Tayed §ﬁ€§|é#@@r
rogt £ 021 ac eaL cul akhRge PL9CK] o cFATR 0BRSS LG LOULE g

route data calculating block (104B2) in Fig. 6. These
steps were already described in detail. When the

15 above-menticned processing is performed for all cars,
control exits the process (ST305). 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




obtained in this manner by reflecting a provisional 15
assi gnnent can be expressed as a function R (t, ka) in
a time-floor position coordi nate system For each car
(other than ka-th car) which is not provisionally
assi gned, the sanme process_agpthe process descri bed
wth Fig. 6 is done. Estimated tines of arrival at the
20prespedonue blsedsmait fig stdm eeall gt athdoddiaration
estimated each floor arrival tinme calcul ati ng bl ock
(104A3r sapdedbased aouthke repddifip=adict ek oy ecfatia car
is prepared by the predicted route data cal cul ati ng
bl d6kpEeo4RionEadly pisedigrieed toout @esbtrailnedagdn kestAmated
expressed as a function R(t, k)(1 <k < N, k # ka).
Fig}mﬁﬁ shoasravilonchahe ofespeetgvedifdicets raou e
preparati on processing which corresponds to the
Sab69écHeatribéBYprRIREtéMatEd: eaghefdoat e rstved B.ime
53 Firstly, provisional assignnment (hal
cafflgehaFanedblPrEor C44ils e&pdn thet @rpviisfionedt i on
concernin ovi sionally assigned ka-th car is

ob?ﬁ?ﬁ%ﬂm%§$4é%9m€§tlPﬁat(QHOf’ilﬁé§néfllé{r RiSpalangd ga (ka-
ive fl | cul at ed d t h
et catt SBaByy C8Ad-Spetnlean  ure a0k dlFection) in
. est | d ti .of i t
ChaSLELEn DaCeRe Okl (BEREIRLERe FIE 2 et heo0p

101 SpReerl etk STA04) oLQifiakoupata, kbeqerbloml od biiBs. ;o

arrival at the 10 respec 00rs for ea

exgd sk Nged Nei t T PYgSi gnal | yuasghgne at BnC
(ST405) . Furt%er, %aseg on Fhe rgsup?géﬁrgﬁig?Sdrﬁéﬁéé'

dap ped Sctad crbat €0da{ ST#96)a 1 Thi 8t PEOGEFSal BrEAL BLRA ed
after executed for
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 provisionally
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 floor arrival time calculating block
(104A3) and, based on the result, predicted route data
is prepared by the predicted route data calculating
block (104A4). 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.



all cars excluding the ka-th car (ST406). Thus, it is
15 possible to prepare the predicted route of the
provi sional ly assigned ka-th car and the predicted
route of each k-th car not assigned provisionally (1 <
k <N i # ka) . The foregpigg has provided a
description of 20 how predicted routes are prepared.

Theifraltllow pecdasGHnaas Al gridie rQtde Q;lasfﬁqg&eﬂlted

i ndex of nearness between a target route and
pr édbotred diaete iongnetiche rewtameMaldmtd dungtd op
which is used as an index in determ ning which tar to
aspirgmisipnbhé y25scdnvent ikarah reirhad, olASSIrGYeMT401) .
eval uation function" to quantitatively evaluate each
asEFgamenedt binesablf Bsridefi nedtas adfspreidianr af1dde are
predlcted waiting time. The control nethod of the
pr@@éﬁ?lﬁﬁ@@nbﬁéﬁdlengteethyfor&étlohaﬁ&¢M®Q|ze@d n
that "assignment evaluation function" is defined as a
f uREETOREBR FREtQuEAtRt yS(Fatenlroetiebadiest amcehe

g ﬁsentlag the target route-to- Eredicted route

P heBetPist S58S oP Lt RET pradi etelinrarespgctime. £3 ovittsh

L @gg to glﬂ 18A and 18B, _.the follow ng flrstly
Cri t hEF ¢ ef - Fofit BUBPSE aheep léneﬁﬁﬁéﬁeﬁo ST404)

repre nes en.a tar route and a
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made of Flg 18A at
Wher @ £ $1eohior 17 04 & o8 Sk 4 epy eégft gsﬂ‘ﬁs 6;' ”FB%’QEEJ:,

the vertical axis represents t he

t vgedd rautthR fdsul), (Wi Estdd féﬂ@ea@gta is calculated
(ST406). This process is terminated after executed for
all cars excluding the ka-th car (ST406) . Thus, it is
possible to prepare the predicted route of the
provisionally assigned ka-th car and the predicted
route of each k-th car not assigned provisionally (1 <
k <N, 1 # ka).

The foregoing has provided a description of
how predicted routes are prepared. The following
describes the inter-route distance, an index of
nearrness 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
conventional method, "assignment evaluation function™®
to guantitatively 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



k: car nunber of the car) is drawn as a trajectory FOl1
15 and a predicted route R(t, k) is as a trajectory
FO12. FromFig. 18A, the area sandwi ched by the target
route and predicted route is considered the nost
appropriate index to indicate their nearness.
Apparently, the area decrea8&s—as the two routes come
cIo§er tg each ot.her. 20 Wien the two routes agree with

ealHoSEREFIARE dedhat 'ﬁéﬁigqﬁﬁﬂﬁwﬁW%g%étiqnaE#?ﬁiion"
1gdwi d he  .f tion R*(t, k) representing
CheSr HERE A S el;%f‘: tjah@n t hatn,t_lla?w&mwt S
: [ [ [ as e inter-route
ot S EHEEL P L R et g T s ed B icepTAd it o
' i ong ej.t her e tl .
or FohEErEarhalsTHAREALORY, (ReRte A St el i
. . . . I ‘a T qi
Sy <88 (1, A RC rgefRenBl! o, g 1 HHA0CHG b2 e
thﬁollﬁﬁiﬁ@ﬂﬁ@r&ﬁ@?‘HE%CQ&B@%nEhetHg%eEQr%%%ea%fgggH%g,
reference tine axis, that 1s, the area in the

adhnsin®@ek eoeacpseobhai BAE. nBafRea5dLRGLYent B]e AR O
be calculated is showmn in Fig. 18A as vertica

lineutel ded aepredscsaddwbabed bebweenditkaniar get
route R*(t, k) (FOLl) and the predicted route R(t, k)

(FayulatRitmekhodR(arekihowa hareigysedshoaganaleg. a
the inter-route distance between the 10 target route
10 ardeeemiprban cteomeadet ef ELR (18AKaE B{tst.k)Ini €hei weRph
by the following equation. L [ R (t, k) , R(t, k)
Fwo%tEl%) 18$QY$§r§)tmedho;;;op§5} axls represents the
time while the vertical 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 FC11
15 and a predicted route R{(t, k) is as a trajectory F012.
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



(integration interval adjustnent area) 15 . In actua
calculation by a mcroconputer or the like, the
above-described integration is realized approximtely
by addi ng up the areas of rectangles. For exanple,
assune a rectangle (FOL3) of length At in the
direction of the tine axis;y §Sandw ched between the 20
target route and the predicted route. ASis used to
denote the area of this rectangle AS is given by the

follow ng e - R(t, k) I x At
- 56 Wgugh gTﬁ%l?%hgp ﬁéEt gb}dFor evegy At)over (14)

t he adj ustnent area. The val ue of equation (15) can be
cal cul ated approxi mately by adding up the areas of such

rect angl es LS t.hod e expressed by the 5
fol | owi ng equgltlog%al 1F§EEﬁk% e §5om thegpyesent

Z{ R mkt ok )IA Rect | es are cut out
ove%mtheoaghustnéhftarea %er% %f%l _(ﬁsr

Fi ghel8Beal 0Le t e Io th floo position
aX|se Syﬁ%omﬁygﬁg Egggbgggg% 5§%|ag%e r% éLtlng t he

5f | netopashbion 8RE REeY, k) beaRd 1RLY, oke Lh
target route and the predi c?eg rggl%[ea‘tlé)rdes%e%%ow& v Fig.
Act®rdasglyrtibeli Dige-t51naut ¢ l%h%n%% %
the followi ng equation. L[R (ye%l V. 1%#F§1Q%ﬁ¥@en
(yrh&) tar@éy, r&ptedy> (€| nkegrabiien hﬂHeEﬁélpré@ﬂcted
floors) ... (17) As apparent fron1F|g 18B, whe
i nfegeatRon, ik) donel2) . 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. L[R*(t, k), R{t,

k)] is given by the following equation.

L[R*(t, k), R(t, k)1 = [{R*(t, k)

~ R(t, kK)}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



along the floor position axis, R* (y, k) (and R (y, k)
as 20 well) can take two or nore values for the sane y
val ue. This must be considered in actual cal cul ation.
Therefore since this integration along the floor
position axis involves conpl ex processing, integration
- 57 along the tine axis (eaéafion (15) or (16))
shoul d be wused in actual cases. Wth reference to
Figs. 7 and 23, the follow ng provides a detailed

description ef,4he di.st ance index-based royte
eval uati on fu#gkignrggﬁgh At Ag Set f)q:(éﬁ% THH Lt igver

whiel aalodkakes allg . val e assi gnnent
evaluat on foncri o oto  ovs Sé?én%éi oV sbngt>) can be

asghgRUBAt cBY aupiragimAkeny KULedi Ce%re IS
processi ng cor?gspo%ds toythgu%b réﬁﬁgﬁévaehalﬁﬁF of such

f upettangtakcul ahiggmetepd( 85408 %xﬂ%é%ségnangﬁ§afor
each provisionally assigned car, the inter-route

Sdi svahoesnbetyaanibhe target route and predicted route

10

15

20

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 evaluation function is.

cal cul-&R&dt, Ref er Rilhg kb1 FFgEAS7 =alddi 28t t hit)s route

eval uation function cal cul ati ng process is described
below in detail. In Fig. 7, it is as8uitedkthat e ka-
th,car is provisionally assigned. Fromthe ka-th car's
20 For LRI+ Tt 2T BaF At FRYE, OKAY &he prddstmedtr ewee.dat a
R(t, ka), the inter-route distance L[R*(t, ka), R(t,
ka)] is firstly calculated by an inter-route di stancg16)
cal cul ating bl ock 105A. Stopping of the car due to the

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-

route distance is given by the following equation.

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

(integration interval = all floors) c-a {(17)

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

position axis involves complex processing, integration



provi sional assignnent is reflected in the predicted 25

route data R(t, ka). The calculated inter-route

di stance L[R*(t, ka), R(t, ka)] is converted to an

absolute value IL[R*(t, ka), R(t, ka)]j by an absolute

val ue cal cul ating bl ock 105B._ In addition, for the - 58

non assignedkth car (1 TN, k # ka, N = total
nger o vator car route di st ance

u?%t. Bl B R eS8 b arah i ahed oo St feuld be
dlggé?\ L%g‘((jj % k%?R(t k)] fromthe k-th car's 5
a

arge Fou k) and predl cted route data

R(t,
F onvert ot DhokeERHLRCdl BhAPEES Rk B Bh
k) 41 Dy By absOl YhEs v 'astgﬂga' agg@% gk%% 185 heTh% e

absol ute I ht'er-route di stance of eac ar “excluding o

51Qdf§téﬁb@aina§xcﬁ$§éaafggténebgiﬁagﬁgﬂe%uﬂﬂglggded up

by a sumcal cul ating bl ock | OSE sum i1's expressed

hg | $EE (6 Rih rik) fch kat
Ezcarl\klah%ﬁglgn%énbef E(laf k(%e(I;JEévat o}r?llgar]ng wﬁ .Cﬁ( 1§) C%#ﬁ%

r e tvabiai eedthy 456l ghaohtit evyaliieiosakaHbatibAgto
bl ock 105F and the result obtained by the sum

cavul @ inedtiockrd0bsi anel addetighyenad bgdubing inter-
calculating 105B to cal cul ate the route eval uation
f urfstiord X DRk s t o Byvks uateceheipgovbsienpbndssignuiet
20 of the ka-th car. The route eval uation function
10 (BRWeD evaslusdpres sbenesioel ead cybrt Lke) step (ST1R8 (h,
ka % ﬁékﬁ%]ﬁ\@r +ea(_l,_h [pgvzséionglly agglggzed calrglthe
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 route evaluation function
is calculated. Referring to Figs. 7 and 23, this route
evaluation function calculating process is described
below in detail. 1In 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)] 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)] is converted to an

absolute value |L[R*(t, ka), R(t, ka)]| by an absolute

value calculating block 105B. 1In addition, for the



total nunber of elevator cars) ... (19) - 59 1In the
case of a predicted waiting tinme-used conventiona

assi gnment eval uating function, it is typical to

eval uate only the provisionally assigned car (only the
first termin the case of eqyggtion (19)). In 5 the case
of the inter-route distance-used assignnent eval uating
f umetni-eis sdee@ding H @dhe present Nnv;grgl%p’ Nid iStal
characterized in that an evafuation termfor non-

as siugived @&rslémﬁmm&smﬁ&@)ﬂgéﬁDﬁdﬁ%ﬁﬁ¥6ﬁﬁhté¥§%éﬁbelo

equation (19)) is added to the evaluation termfor

pr ovilsiudaaling adsicgnad Scarca Iug.at23 shaws: e d Homchag t

of the route evaluating function calculating process

dedésitbagewiltlR* (Ei,gk)7. Ri{tts fd)dws rame dord a4 oh deserd bed

below. Firstly, information about the provisionally

Jas§PFAEH ISuka- thteaR™((pr oki)siconalpne cissieghatb il Idata

call-generated floor, direction, etc.) is obtained

(ST581) k) TheTheniBEeronpateai stateede RIR ( tha)k) RE(t, ¥)]

kaa% of the nprovisionally assigned ka-th car is
uFﬁP¥8r5§§eH°oﬁntﬁ€5P péengeilos didRédriverked R(d ,an

L val ue, 20 ST502 Then, a car nunber loop is
exeg regyfaP agéﬂl ESr VeXBPuBRAGULRE 1pCoVilSiconaIASP.  The

ST Wthin th mb
oo TR B EhapES AT SFAREE DERePER BRr RAELIPoORhe
th k h ted t
10 pRar T vl e ratRh iy el R ST U RES ot @S ceen by
caj s§ma@QEQuy§t£§E5Q§%cQV1oﬁﬁpea&hgg gﬂﬁlg%reggg%ssed as

| oop until the processing is done for a
(SI&06y. When the processing i s

2IL[R*(t, k), R(t, k)11 (1 <k <N, k # ka, N
= total number of elevator cars) ce.. (18)
15 The result obtained by the absolute value

calculating block 105F and the result obtained by the
sum calculating block 105E are added by an addition
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.

DR (ka) = |L[R*(t, ka), R(t, ka)]| +
IZILIR* (£, k), R(t, k}]| (1 <k <N, k#ka, N =

total number of elevator cars) Lo (19)




conplete for all cars, the route evaluation function -

60 (DR(ka) given by equation (19) is cal cul ated by

adding the absolute value IL[R*(t, ka), R(t, ka)]lof

the inter-route distance of the provisionally assigned
ka- th car to the sumY_IL[R*(t, k), R(t, k)]l of the 5
absol ute val ue of the inter-pf8ute distance of each car

excl udi ng the ﬁrovisionallg assi gned ka-th car (ST507).
Based on the THuthe eateatt on Piediched (ORLkaNg( timekused
N) rioed apbove, it is decided which car is to be
asscgjgﬁgedniloorfﬁ T IR Rra DR k)Y vErpeSiane 1t0is

cal at.ed.. The smal | est (DR(ka) val ue indjcates that

t hgg}agslgaglnnteonte"ﬁagluqaot%WX he'® FRRYL T ereklvfagpégned car
re j cad. er to their predicted routes than

t hz(%glt e?ﬁ%aesglzrnsﬁéegctses]{m ,&crbotrqlﬁ rﬁﬁ%ﬁ HUpten (19)). In
M Ring 285 i ect . the car to be assigned

15 to the h% @aﬁ It (ﬁeeﬁlcxocugcsen%%ﬁasmp‘? el ‘?%Slgm%ent
exeguti et ik Mg aso I or..selecting unit 2 .

in Fig. 1}9M%o finalize.tﬁéxggﬁgiCééjﬁ%é%E??ﬁéknﬁ?ﬁe?ﬁ%on'
contr s eomperertS 2l Rirdtnbe the &2l ouing, gﬁéﬁb $2 non-

the target route specification setting sectl In

20aBbsdgnéy icardet(@iolr rélsibndahgr @RCe Hed s':é.cﬁbncf"'te%)ﬂn F:icfg'
4, a route specification selecting block 102A, based on

t hequatient (l9afif iic dadadand tihee cdatlda tSIrEHS e r
nmost appropriate route specification froma route
10speepviearnes lyarabagecti02Br.As the route 25
specification to be inplenmented, this specification is
out put to t hEifgar gét shewseapféparcaniran ofedttheonr (s in

Fig. Hl In the route specification database 102B,
valtating 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 {5T501). 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 absolute value

20 (ST502). 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 function



several route specification patterns (hereinafter, - 61
denoted as route nodes) are stored to cope with
different traffic conditions in the building. That is,
they may include a tenporally equal interval route node
102BI as described already, £ ock-in tine-addressed 5
route node 102B2, |unch start tinme-addressed route node

1083 kal) uaGkeenthyt Addresged route mge, Jd28% s144ing

[
special traffic A-addressed route node 102B5, and

spekéabbsoatit ecvBiaddlesredtr owhe ,mede  1G2B6.| ocFhe he
tenporally equal interval route node 102BI is the npst
10ivasreroote dndtatsespécihiecptbensibhandy @ sp¥ndd&a-
routes of the respective cars in a tenporally equa
i ntleroatr soatkee domnhll Ly R*t(hi, s kenparcgl 1k J@qua the
interval route node is selected. The clock-in tine-

> ackipeabete rval eenpfieth02BRtpresonibediatapeei bifc akichn car
15 to cope with the up-peak type of traffic which
oc®¥F5ud BT t Bee brgP ke henel Lvf #peéghedr sa-Lhkewirsd STENE ) .
[unch start_tine-addressed route node 102B3 prescri bes
a target spiRFPefcatibhctvoebpecrthathendduncpésk Wpka)
of .traffic which occurs during the first half of the
PUbbHS 25 ROl GRTFBLRRG FRAER, okl §FnécaddPdsskachoges 1s
wh

IC

PRI ot SEL ML Arnen O,
1o i rey BV UOSRe bie, o0k 03! LS, Sdientes suo
Wit h %ﬁ%&i@%ﬁ%g fiee 3‘2%@%? BOLRESLGR, fi'Rg.

Thedfpregoia-has desedi bed thei £0ptE@l cted routes than
the other assignments. Accordingly, a car which
minimizes ®R{ka) is selected as the car to be assigned

15 to 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

20 Fig. 1) in detail with reference to Fig. 4. 1In Fig. 4,
a route specification selecting block 1022, based on
the current traffic data and time data, selects the
most appropriate route specification from a route
specification database 102B. As the route

25 specification to be implemented, this specification is
ocutput to the target route preparation section (103 in
Fig. 1}. 1In the route specification database 1028,

several route specification patterns (hereinafter,



configuration and processing of the first embodi ment of
- 62 the present invention (new collective contro
using target routes) based on Fig. 1. In summary, the
fol | owi ng descri bes what makes the control according to
the present invention different fromthe conventional 5
control with reference to'Fi@%.‘lOA and 10B. Fig. 10A

' - d trol pt  of
| BURLLELeR! ho,ba Gl agd ool concept, o

tiéf%kéﬁenﬁigrak§§ciEgﬁ%&&g&%%nﬁ%fﬁ%%ﬂﬁ?“tiJEE.EE@&%SHS,

oncept On an operati

| aE8ey poytsopsedecantioboL0iFLOC 0N SLICS LSS . o

whi ch”s e taken Urve cars _
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to control the respective c y consi err

5 ut & €e MB¥QEENY SpPaSednen EESrEaEgﬁE—Egﬁgggse%P&%ug% mode
specifically, since the target routes are deternined soO

asl02BPutlthehcang timbennarakkyqequak el Rogkvalyosiat e
along the tine axis, the respective cars can be Kept

staptyiah teapdial Ayaequaksiat esvak sbake1opeducipg the
possibility of long waits (longer than, for exanple, 1

20spemjabctrmffng Braddieefstdr eouts mbdecasenel. thae
conventional control nethod, however, evaluation of a
carerrelyhhentdeadl ai mesryajenenbeedodal LORB1basi ¢cakl ywost
made based only on the waiting tine for which the cal

107 PHEHIRIW) 2 vhF$ sRechbiwat hoRi §nteod8s Thephut the
25 situation of the cars is not taken into
cf8ted dtf o i TP IPRSE EVRI G $ ol FhbeePorellyi aqeathe

MW AT AEHON & Sally, EIPECLLYS, 2315, 020094 Pe
interval route mode is 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 mode
102B5 and special traffic B-addressed route mode 102B6

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



controlled, this method is likely to cause a string-of
- 63 cars condition, increasing the possibility of
long waits occurring. Al though some prior art contro
nmet hod eval uates the future situation of the respective
cars, since this evaluation is done at one or plural 5
di screte points of tine, cenbinuous control of the
future trajectories is not possible, nmaking it _
di %A B St a8 Yedp tw c%@ls,lemtveemmatr%l teqslahg
interval state. Al so apparent from conparison between
Fi &.arf@& I TS, bﬁ?@,Cpfﬁﬂ & ins okﬂatlrbnswm,nw;el Uaelget
tes and predicted routes drawn continuously al ong
tl gfgﬁi e 185 éi)e%csf Thesy Whatrimp kep A he eant tat ecaederdang to

hanpent... As .a _matter of. course, it is therefore
S R S Famentionas
ac hhe.qurr ituatio .mhicqgﬁgy de vary.
oo St Rt R P B At S s o

de§§ih§¥&9ﬂegftﬁQaEggp%Ei%Qd%%Jggé 'égﬁ$§é§ﬁ#éﬁh§ﬁt of

prepared by the target route preparat

Fi 2 i Rkrbinal Srout.e (al I.l ed re-
ad?ﬁgtﬁéﬁ?eﬁgrégrgpgéfg)%%oa%rg %F%%§4§ﬂ%}agﬁ%ﬁﬁe, a

20Lpkediistedrigut oS 1apRkiced tl the targel QWS ~ontrol
pregaration ne?hod of Fig. 2. As descrlbg%\mﬁﬁw%igx;n T

5 aomicépttbhsapr eﬁbeaedohoutiagiranpr enar @b 43l RE dafa
which reflect the current traffic situation, nanely,
10averaget stoptéregedncyndaba en @igeachaf,| @amdi KRN
25 basis and average stoppage tine data (in addition to
dataieh sheuldabestakenally absi gesgeandvdatarenia the
geperated hall call). Therefore, the current traffic
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 is likely to cause a string-of-



situation is reflected in the profile of the predicted
- 64 route. For exanple, at the beginning of office
hours, since the car stops alnmost only while the car
is ascending (i.e. after the car receives passengers
at the first floor, the car stops at each upper floor
to 5 unl oad passengers and-géés—back to the first
roog), the profile of the predicted route has a
geté GEMAIT 8 opd ASNG sthe porssibel shul of vlhfbue)
and a.stee dawnhi | I_ sl.ope (Ay/ At is a negative |arge
va?’l?é)t.s §1cf?él§r&ntgar gentltlrkfﬁ'ig@ i%oﬁiﬁ*‘ dpiat @8 ?zt a@%@%l’(i:hg t
th ids of_ _thi redicted route in e adj ustnent
ar glg,Q%tO%e evé(riél iHeE 5%%)@%%%&1?%%0? 71 ke Wﬁﬁ)ec’ﬁlve
tr I<C Ltuati t.hat .tinme. For exanple, at the
begé;ei%%rs]i'né"iln:t):#é tgpg%c%tvﬁolﬂlraéc,l%el Sprcg?nref ea%fm?‘?]gmf a‘i;]ngléllfal
r oWt a I Ll s e and a stee 0 [

s ggg,&%ger gf)?ggsl %éfugﬁyet’r a'J”P?Jl Eclr‘sﬂcﬁﬁat‘?o&htlgqlt the

beﬁhﬁﬁk@QtQEjFQEBEQ%shQ%r%8%Z§w%#ibl ri 6¢£f€ggaghrs,

hal f of the unch tine an e end o

thaipretile tef sthgiyanget E%%t%%5¥5fhfﬁéﬁﬁgﬁqﬁyJ'equal

sl ope (average stop frequency |lo and a

downhekirasl epet20 (Aavevagppstrept!f FEPEROMINBNon between
reflecting the traffic situation at that tine. That

i sFighel®arget Fogt el0py eparat i oralahadrs @Mt ure Riddget

2 can prepare appropriate target routes by reflecting
10t heoeteseand prefiittedi roateondramnt kentdngetusly along

rout e- based control 25 nmethod according to the present

i YRRt RS ks heifodsedoinpFépar ilAG ttar getaluatkes has car

reference routes has a great influence on the contro

pe??%+%ﬂﬂ%%t'Th%st%r@@Fter 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 rcute, a
20 predicted route is applied in the target route
preparation method 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



route preparation nethod of Fig. 2, capable of - 65
accurately reflecting the traffic situation, is

consi dered very effective. The foll ow ng descri bes an

el evator group supervisory control systemaccording to
a second 5 enbodi nent of the present invention. The
general control configurati of the second enbodi nent
i's igenti%al to that of the first enbodinent of Fig. 1
exE8BE St or *Phe SFAMGeE 1 Gt &DFr HEFHAN AW et ff ice hours,
i mpl.emented by the target route _preparation section 103
10SHACE! §7C1 BEna T PRRgat RS0 e ik ddmeAtodt S n

th nbodi ment i s, described hel ow with

re EFéﬁggHSo?lpﬁgsg%§?r1%h§n&af7Feﬁﬁ%ﬁﬁﬁhp%%ﬁ%ﬂqu§ at
Fi n B r he_target roqute preparation
co%@gpgﬁgFetgéO$gécgﬁ§ gﬁ%ogFﬁgﬁtais%ﬁégmﬁ%Hé%} kX to
sshews Lhe k 5 er.adj u t target rout

(an i%itigﬁgggu%gr%oaggrggg%ebgg a?ég?%ﬁbﬁﬁé%% L%&?ﬁiT

thenéipstrembodement, praqPtedictad Loyt at gtegﬁcget ifg%.m

is used as the pre- adjustnent target route.

shevspéheapyati ke af pobheilar 9gh1104yhe Wi a steep
adjusted. The difference 20 between the target route

prodihiei by shepée¢mpﬂAteﬂbogiﬂgggtEQeFugrgg6Baq%@&Lhe
target route profile by the first enbodinent in Fig.
11N appear sanget heoptesent prépaeedxby. abfubitdngliBe grids
(first enbodinment), each target route is drawn from

10t Hef cthienpredstteédnroite hénchhe 28jhatimbatcaseagf theg.
16B (second enbodi nent), each target route is not
drREet F+one f nehe ukaedt pesitte oneblect hetber traffifsc

difference is attributable to their
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 method shown in Fig. 2 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



di fferent policies about target routes. In Fig. 11B -
66 (first enbodinent), the target routes provide
transient routes that the cars should take fromthe
current positions in order to settle in tenporally
equal interval state. On the other hand, in Fig. 16B
(second 5 enbodi nent), the-t&bget routes provide routes
that the cars should reach. In plain ]angugge,_ghg
t aPGEMTtSed S qutgna g fﬁrrasﬁflrcol%ﬁ@uﬁmhkl hsl t
rget . routes which guide the cars fromthe curren
:Jggg’flrg&ﬁ?reﬁdntvc?rtyerﬁdggl%q%ﬁeequaI interval state. The

have such 8100 g R CeRy iR MM aegel Goues
e OO PR PG o aS e Ao e g (i entsasand

S hetbSakeE" B3 CRE b e dtn® ] Rl e O e
o her e Bt At Gtk B R bR e et S
ref@sapgealochi ghac 12 20 (178, Ekg%gélégta%&afe%gﬁ;’w

a target route and the 20 subSequen t

ofexbeptator! BhEl Garddh rolibe ﬁ?@?%g?%?hna%%%%od

trajectory of the car indicates e car i s not

assmphedenasy biymeBe BabgeY. rbate ptepPREdABAY LB 103
In the case of Fig. 17B, the car 1s aSS|gne§ many

10tiesFaqd 1hereher easyoppedusBnygrépathf®sn ABRALENt n the
from conparison between Fig. 17A and Fig. 17B, the
delf R drempodhmentt Lal deésaftbtdr el oonvithe rb@egehce to
route is_smaller in Fig. 17B. As descri bed
Figs. 3, 16 and 17. Firstly, refer to Figs. 16A and
16B where the target route preparation concept of the
second embodiment is shown. Fig. 16A shows the profile
15 of a pre-adjustment 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. 1In Fig. 11B {(first embodiment), each target
route is drawn from the current position of the car.
253 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. 11B
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earlier, assignnment control according to the present -

67 invention selects such a car as to make the

deviation (inter-route distance) of its predicted

route fromthe target route. Therefore, control should

be done so as to assign many calls to this car (2nd

car assumed) in 5 Fig. 17B- @6nsequently, the actua

routes followthe target routes. That is, the cars can

be {EdhStolamRPEgents) + ol tavgsuchotbegeaprovidest asnsient

prepared in the_ second enbodi nent. The contro

cofPgEPatifgt dfhe e tsarduiddiake 10r gm epae ationent

sectiqn.in the second enbodi nent. descri bed above is

i | POSEFACES i gl G sfditaig in rFErInE@QIE%l,hly'tma%

co identical tq,those in Fig. 2 (the targe

rod gggﬁ}ééafsgtait& s&& &&W i%?lt% }Ta}drrdsrt tjé?dmﬁg' e d@ hgi?ond
r nuneral s and not descri be :

15 That targe?gggﬁ#eﬁﬂﬂﬁﬁ%aﬁﬁﬂﬁﬁﬂﬁnrQHQﬁﬂ<?ﬂﬁ%&the

cu t r ase val .cal.cul atin _ l.ock 103B and
inS?SEdagﬁﬁggrgéaggﬁpoga Pgﬁéébl@QQHE%f%Ehﬁ | .r%ﬁﬁunt
caksutati ng bkack 3C Fi; iq. r ent.i c in

pr ocessitsng to t%hosl,é@i gf&?és% %Oﬂlgeas{%rléenbg(d‘lnén_tt)a.rgﬁ
20radigst RHiERULA i BECRALALLQR ?&%ﬁkt%%sggf% %Q!%%%%éf%ns
the adjusted route preparation block 10 :.f3 targe
poimts vempheaadjusyiant ihebekaNCathitl® Xy G get

cal cul ated by an each car's target point cal cul at’i ng

10pareutt@8SEln Rjgt al§Bt (seubadgemndsdamentdl el aled @ such

15

20

25

25 target point-based grid position calculating part
10BE21dingrpast ar eOsbpnebtedibplathanget rottes Galed shown
cal culating part 103E3 to calculate target route data.
to indicate "anyway follow these routes". These
different policies result in different start points
(current position and not current position of the car)
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. 172 and 17B show a target route and the
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
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



The foll ow ng provides a detail ed description of how -

68 this adjusted route preparation block 103E

operates. Firstly, a target point on the adjustnment
reference axis is calculated in the each car's target
point cal culating part 103El for each car by using the
5 tenporal phase adjustnent ©alde Atp(k) (k neans t he

k- .th car) calculated by the individual car's tenpora
phégléfe\%ll@él &G 4P it A A o dlc i atmake biloe kddoBt ion
len tp(k) to denote the pre-adjustnment tenporal phase
vaI g*tﬁrﬁ X, u&%ﬁtnqeéf &lerides mnmlistied ke 1from the

adp UEEJ%% BERSEr ol THRESE PSR TR0k S HaS gl e Gy o as
;géoa geg%%t¥p8?&3ppﬁ%é§h&él %§)52ﬂﬁoca§u§§ﬁqqu£jln
SSQEF??O?A‘QEQFE@E&& BeRe B g e Raind it ane Ol the
AL A f‘%&gﬁg o cBTS el e Brigris

Whgg tsefsﬂowssaéﬁeegkagt YolcEk) o5 g}\geﬁ%ge@mx &N
(k) (21) When the car 's descending, 'y ) =

(sgaaﬂa(amfsaalménet.p N(k) - T) ... (22) - 69 In Fig.
16A where pre-adjustnent target route profiles are
shown, the tahgetoporblscehriharae3BECHIEV@he 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 1033,
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 tc those in Fig. 2 (first embodiment). An
20 adjusted route preparation block 103E is unique. In
the adjusted route preparation block 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 103E3 to calculate target route data.

The following provides a detailed description of how



cars are points EO012 (first car), E022 (second car) and
E0O32 (third car). Based on these target points, the 5
pre-adjustment target routes (or predicted routes)

EO011, EO21 and EO31 of the respective cars are

transl ated so that they go through their respective
target points, thus cal culat®hg the adjusted target

routes (routes in Fig. 16B This transl atin

P hER RSP RaBRut, ERoRrA Y BOOTE A rrates.
osi ti calc latin art 103E2 in Fig. 3. Usin K,
p kbR ynoer CofIERasBANt P2 DA IR iR tg e RS

d f d of th -
aﬁ?%% € L0echEPNOnRRanon bheledln® S, gﬁﬁtgﬁ; %&Sm. on
JSCQicabstgggu§59g LBRAS! cLouLe fﬁghggcgf @he DLk,

is given owi ng _equati'o

5')tém§@;§&k hasEeééﬁbﬁgﬂgﬁElgglgéshtgg &pm%%%gsk%te

all grids o car ust

Nk - cdp) tBgLeQ1LaEgeh rQHEelﬁaEQHBﬁEﬁngaQartt@@@%&%&ed

route preparat|on seciion 103E3, target rout ta

capiealt &t el by §@?ﬁ§€héﬁg 5H8§ﬁtaéhyéhﬁgtghgd%1%%%0ﬁ%h%9
to their tenporal positions gp_N(k, i sequently,

t Hes - e@;mstﬂ@naeﬁatgethéopkéSaGE@é%meﬁQZ%eﬁB@rEQ3 hase
25 in Fig. 16A) are converted to adjusted target routes

- VQlug EOlHe &0PdsanenEOBafenefitg. t1MB wkiighbaesy at
tenporally equal intervals. It can be verified in Fig.
10 16mprrat hehask ust ethe apyetadjusesego thuoayh their
reiﬁgftlve targe%%£0|nts EO12, EO022 and E032 on the 5
LR EhEPRAFS YEDUO th_Kil) 16Byimsn by the

following 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. Symbol 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(k) = (y_max/Tn) x tp N(k) ... (21)
When the car is descending,

y_N(k}) = -(y_max/(T-Tm) x (tp N(k} - T) el (22)



i ntended. Note that as understood fromthe foregoing
description, the target points thensel ves do not

directly relate to the adjusted target route

cal cul ating process. Accordingly, the adjusted target

10 routes (EO11, EO21 and EO31 in Fig. 16B) can be

obtai ned even if the each €ag%s-target point

cal culating part 103El1 is renoved fromthe adjusted

route preparation block 103E. The target points

t hensel ves are used for operation check, etc. Also 15
note that ref&rFildg ﬂ@AFM@erﬁ692ﬂ1aﬂnnﬁtmdnxttﬂqgﬁt route

route profiles are conpletely in tenporal equa
i nPéPw‘?glleét are Ph‘ot”ﬁe &AFusemsst m@t@etq/%émet hespective
present _tinme axi %Eggo and the adjustnent ref erence

tlﬁﬁrﬁxﬁ§e(ﬁeﬁﬁfs éfér§FnﬁPFfve@Q%¥t@ﬁ?QQﬁﬁnﬁﬁﬁ(nﬁnd
ZOEbggt % ? g % call which is already
asElghed! FF hSFF car “@3PFs & & §Fﬁe§@f9§§sﬁﬁﬁéﬂ-rtm@e

t t t t I
51 P OEL AR Rl h e Rhe Rt reny oF Y it oty

t di.st th

A Thaiontodt PR bt FhR ke p TR < SRsSarrent <
In€§9Q§1£@e@U§otE‘§a£e§HSg gxetﬁ%a hnth%%p% ALY §gal
interval condition, the sent vent ion ﬁ

| i vatedt tPothes cophnol chPEul gERAKAkhY adﬁ%st@@uﬁﬁrget
interval condition. According to'the preSent

| nventéon(rottés poseiplelsm) runtakevatans1agsagdi ng to
a specific purpose only by determ ning the targét

10r otaksul ot tomsi stdowe byt bhéheapyepopeinktbhBedt argat 5
routes of the respective elevators are determ ned by
position calculating part 103E2 in Fig. 3. Using gp(k
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 Nk, i) is

given by the following equation.
gp_N(k, 1) = gp(k, 1) + tp_N(k) ..o (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-adjustment target routes (E011, E021 and EC31

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



taki ng, for exanple, energy saving into consideration,
it is possible to realize energy-saved el evator group
supervisory control. Wiile the invention has been
described in its 10 preferred enbodinents, it is to be
understood that the words which have been used are
words of description rather Than [imtation and that
changes within the purview of the appended clains may
be (ﬁgéérwﬁ%tancb@pﬁh?rh iimg Hipmtdte wiriush scape and
spirit of the 15 invention in its broader aspects. - 7
2 termevsllyl egng leligare lgr-oud to arat die systefiéd in Fig.
control . multiple elevators each of which serves a

pl EF§| P totther |gglg s t edo frgmiasitn groutefse rasndeh raugte their
generating means which, for each el evator, generates a
7 of SPEREE 1P 5uLE FARTCRO NS ERtids Ele emse M arornar
th tor during a certain period startin romthe
5pr§g§h§¥@ﬁﬁé;rgﬁgrgBE?réﬁlﬁeéﬁQ4§hP@hEﬁﬁke§i?ﬁ @ ua
traj of h. elevator closer to the reference
our SebRefhe MPESarBRe 95 knderatars: £GP Asoriicoing
S Q- CQAt T Lpl e el vakgrs each o i C
SRR LOranL Phs BHrblP BoEhty] FREEAg s ereriioe

r ogli r aki n L _ el evat or,

Goner ot on o e e onge Pur A uRr R tRAGRar el et er ence
pO@él&@DétQﬁgtho@é§¥atOACQHEHBHg%g,C%EEaEHjB%E%%dtarget

starting fromthe present tineg;

10 routes (E011, E021 and E031 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 temperally



assi gnment nmeans which selects a car for assignnment to
a generated hall call so as to nake an act ual

trajectory of each elevator, which indicates actual
positions of the elevator in real tinme, closer to the
reference route of the el evator. 3. An el evator group
control systemto control -miltiple el evators each of

whi Ch@ﬁ- rves a plurality of floors, conprising: first

r eFSHErc d VSRS Ly SRETH G IRN mediecaifd g fgenchat psesent
ref.erence rout.e Whl ch in |cates reference - 73

podP MO8 & b il oS OrtAFIThE ey ss mpeprding to
star f omthe rese , second reference route
ge%e%gt%%ngrne iy rlé’ &)eyr éiceetse]%“r’b"fré}é%% tEget

wh lRdi; ference oS Ltions of a sec

el g\{?gtto?’ é’url %ésé%cer dx- i g‘r (?c? P& g fIrfgntfl't%etarget
s5Presant tlolfeth@n | nt s . which selects a car
For ass gnment qegg%cgﬁgr%ateé a4t e &5 scgetaesmlld“e&aby

EIEBﬁ&ng”a%%ra%xéﬁbﬁél h ?E%H%fy tﬂ%%f|'§§§%ﬂ§§ﬁ§%ﬁn,

el evatof, which indicates a al St ons

el gvat gr pbBsibeal tbi l,@s f 8f

route of pt he fi rg% glgg\}gt %r %gsr%ng%gﬁlogzetléV%t%&er&ouP

trappetotyool tbatrsecond el evator, which indicates

actual positions of the second elevator in real tineg,

closer to thehseeonde tetenenedn hawt @eceh WRacsaeRd in its

elevator. 4. An elevator group control system accordi ng
10t oprefarned, e®bodiBenther étnissabdbeeliaHerce cbRUR aitS the

gener at ed based on

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.



the positional relation with another elevator. 5. An
el evator group control systemaccording to Caiml, 2

or 3, further conprising neans for displaying said
reference route and said actual trajectory. 6. An

el evator group control systemto control nultiple

el evators each of which serves a plurality of floors,
conprising: reference route generating means which for
eanEAéM§Vator, generates a reference route which - 74

i ndi cates reference positions of the elevator during a

ce?tain peri 68 SL&VELRE SFQHPtﬁ@n§ﬂ§§ﬁmﬁﬁﬁanxti]Control
redicted route generati means which, for eac _

g|%65?6??698E8F8?8§5a95F53PétEalpauﬁ@rWﬁéi@amhmga;lty of
redi d positions of the elevator during a certain
Be??géggtag?WﬁﬁlF}Bﬁfthe present tine; eval uation neans

ot PO B AL e R ) con

val ue of the predirc

creraor oA ek Toe AP f T b RE PR s ke B e

el evat or or assrgnmen ased

i I j I : | ate y e_eval uati.on
ooipecagus, oLy 00,8 oS, Lo Bt o BE-EYRL IR -
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floors, conprising: refefence route generating neans
which, for esctrel ewesos. woeHE! gk Resa hehergRge route

whi ch indicates reference positions of the el evator
duriampeatory of each elevator closer to the reference
route of the elevator.
2. An elevator group control 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 periocd 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



certain period starting fromthe present tinme;

predicted route generating means which, for each

el evator, generates a predicted route indicating

predi cted positions which the elevator would go through
during a certain period if the elevator is assigned to
a generated hall call; evatuatien neans which, for each
el evator, calculates an eval uation value of the

pr BAFEEANSoGEe @ Wit tr @dsaett otro dubre e fae rasnttes imouteer i od
and assi,gnnment neans whi ch sel ects an elevator - 75

for a§§ﬁgﬁnéﬁ9mt &henergsretcatéaeial | call based on the
eval uati on val ue calc | at ed by the eval uati on neans. 8.
Am el evat or §FGGPYcOREFERTSPs EOMERC 86REIAG iNg meanndhich

h wh I ity of said
re é1%n%geFo%?%§%§FSEC§egésggewgﬁgﬁygg@hcéﬁﬁé{qﬁﬁéience
ti el evat or
cohrds 1§h§E§§$§c§or AMfgetsver SFnﬂuleE 7 Gerain. Peaiod
h vator, calcul ates
cuslut gy goas Ml kil Sogh o) -

an eva ion va route with

respect to tggsisaﬁaSQCﬁesagtshaehegeae deyi atign al.ong

the tine axis or a positional axis,

byas $1 @Raht nﬂothggﬁe\!kéEéthai‘l %3 ye S%Eegeoeqt%% to
the deviation, or a value corresponding to

|rmakﬁEﬁmO@cN@éUetﬂéjé@@or?VéfU@Hé°ﬁl¥§£u§le%gtoén which

el evator control system according to any
indicates actual positions of the first elevator in
real time, closer to the first reference route of the
first elevatcocr or make an actual trajectory of the
second elevator, which indicates actual positions of
the second elevator in real time, closer to the second
reference route of the second elevator.
4. An elevator group control system according to
Claim 1, 2 or 3, wherein:

said 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 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



one of Cains 1 through 9 wherein: the reference route

generating neans updates the reference route of each

elevator at certain intervals of tinme. 11. An elevator

control systemaccording to any of Cains 1 through 9

wherein: the reference route generating neans sets,

for each elevator, a referent¢ position at a reference

point of tinme which is a certain tinme |ater and updates

t hd nFdFaftesc & eferra cso pdwitt itdns el fvatere Imya tgor tduolgh a

- 76_the reference position at the reference point of

ti FErtai1n Pa%iede vasit ioentfimsim $yst grmeseodr diimege 4 0

Caim 1, 3 or 3 wherein: if a relation between the

ref erence roEF@déﬁ&edaépﬁﬁe1%?ﬂa§%ﬁﬂqg(mead&iwﬁxﬂhﬁ(ﬁor

meets a certain condition, the reference route _

geharat ‘Fﬁﬁvﬁgﬁiﬁs gpfareses ﬁ‘eprr@ldércéﬁ?@el t rosftee ?dndafcomg
I 3. An_elevator control systemaccording to

& BY8hREe e poRleRans” ot 5% AP AT meertain
e e an redicted royte . of the el evator

[ obEERBaC LR Engnd Lol BTl LN 8

meets a certarn “conditi &fce routef .
ATV L e R A R
Cj@éﬂ&uﬁa@és7anf855@@5t§8ﬂpﬂgihggogeggg f%%dq%%%ba%h% e
the reference route and the predicted route. . _
elweiel ofegpOLe €ONtROl ra¥st8ALLOcaRLLOL 4qul tiple
el evators each of which serves a plurality of
assignment means which selects an elevator
for assignment to a generated hall call based on the
evaluation values calculated by the evaluation means.
7. An elevator group control 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;
predicted route generating means which, for
each elevator, generates a predicted route indicating
predicted positions which the elevator would go through
during a certain period if the elevator is assigned to
a generated hall call;
evaluation means which, for each elevator,

calculates an evaluation value of the predicted route

with respect to the reference route; and

assignment means which selects an elevator



floors, conprising: reference route generating neans

which for each elevator, generates a reference route

whi ch indicates reference positions of the el evator

during a certain period starting fromthe present

time; assignnment neans which selects an elevator for

assignnment to a generated hald —<all based on the

reference, routes generated for the respective

ol 6751 751 RS Wi EhedpspPApserhaaial erddcdassdt erofthe
each eIev tor a he actual trajectory

|n%Y%5??Ebona¥? 2\ EGEFFﬁ@E%doPYeﬁéﬁ @W@@&@Gﬂqq1NQ%ﬂS

ti e, and ans h changes the r ference route of

each el evat or” %eviﬁ °E| 848 BrC8PBEB c SHELEEM éﬁﬁﬁéﬁlﬁg to

conpy i g p,control. device to control nultiple

elgp t%¢€ %50§1§¥8g 1 ﬁHs%?%% T ﬁFEFéPlty of floors;

and |nd|V|dqu fgf%9§88gn§5§hogg¥lcegﬁg?&&?8ﬁ$og%%o

the respectlve el eva ase na sig
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conprises: reference route generating neans
eacime!l £ypd or, generates a reference route whi ch
i ndi cates reference positions of the elevator during a

cestain perizg slerdtdg dooméhesPsee/NhcbbMingNdo claim
assi gnnent neans which selects a car for assignnent to
a generatwikiwid: call so as to nmake an
said evaluation means which, for each
elevator, calculates an evaluation value of the
predicted route with respect to the reference route
takes a deviation along the time axis or a positional
axis, a value obtained by integrating the deviation, a
value corresponding to the deviation, or a value
corresponding to the integration value as the
evaluation wvalue.
10. An elevator control system according to any
one of Claims 1 through 9 wherein:
the reference route generating means updates
the reference route of each elevator at certain
intervals of time.
11. An elevator control system according to any
of Claims 1 through 9 wherein:
the reference route generating means sets,
for each elevator, a reference pesition at a reference

point of time which is a certain time later and updates

the reference route so that the elevator may go through



actual trajectory of each elevator, which indicates
actual positions of the elevator in real tine, closer
to the reference route of the elevator; and the

i ndi vi dual - el evator control devices control the

el evators based on the el evator assignnments of the
assi gnnent neans. = -

the reference position at the reference point of time.
12. An elevator control system according to Claim
1, 3 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.
13. An elevator control system according to Claim
6 or 7 wherein:

if a relation between the reference route and
predicted route of the elevator meets a certain
condition, the reference route generating means updates
the reference route of the elevator.
14. An elevator control system according to Claim
6 or 7, further comprising means for displaying the
reference route and the predicted route.
15. An elevator group control 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;

assignment means which selects an elevator
for assignment tc a generated hall call based on the
reference routes generated for the respective
elevators;

means which displays the reference route of
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each elevator and the actual trajectory indicating
actual positions of each elevator in real time; and

means which changes the reference route of
each elevator.
l6. 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 cortrel device;

wherein the group control device comprises:

reference route generating means which, for
each elevator, generates a reference route which
indicates reference positions of the elevator during a
certain pericd 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; and

the individual-elevator control devices
control the elevators based on the elevator assignments

of the assignment means.



