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

5 An el evator group supervisory control system treats multiple
el evator cages as one group to provide ,nore efficient transport service to
users. Specifically, four to eight el evator cages are typically controlled
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An elevator group supervisory control system

treats multiple elevator cages as one group to provide

more efficient transport service to users.

Specifically, four to eight elevator cages are

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



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

| nfl uence on future assignnents is not “taken into 10 consideration. 2)

Assignnent is_nade to +a_cage m ni m ze the eval uation function where
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possi bl e to greueBksl-ong waits. The conventional control nethods which are
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1) Optimum cage assignment is determined
based only on the yet-to-~-be served hall calls.
Influence on future assignments is not taken into

10 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.

15 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

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

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

interval arrangement are listed below.



- 3 1) Equal interval-prioritized zone control (disclosed in

JP-A-1-226676) 2) Equal interval-prioritized zone/lnhibited zone control
(disclosed in JP-A-7-117941) 5 In each of these two methods,
consi sting of some served floors and an inhibited zone
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ont assignments to prevent many 25 cages from being assigned to
specific flogsgsidbhifig bpt epfle ber¢easequenrt! wnake tikgieaged o-grge

nore tenporally even
of other served floors are set to each car. If a new

hall call occurs in the priority zone of a cage, the
evaluation value is manipulated so as to raise the
probability of the hall call being assigned to the
cage. In the case of a new hall call in the inhibited
zone, the evaluation value is manipulated so as to
lower the probability of assignment. This intends to
make the respective cages closer to a temporally equal
interval state.

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

The position of each cage at a future point
of time is predicted. Accordingly, cage-to-cage
temporal intervals at that time are predicted. The
assignment limiting evaluation value is calculated from
this predicted cage-to-cage intervals. This evaluation
value 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
more temporally even.

4) Assignment correction by making service



4) Assignnent correction by making service - 4 availability tine

di stribution uniform (disclosed in W98/45204) This basic concept is
simlar to the method 3). The arrangenent of the respective cages at a 5
future point of tinme is predicted. Fromthe predicted cage arrangenent, the
fastest tinme of arrival at each floor, is calculated as the service
availability tinme. Further, the serviée availability tinme distribution is

calcul ated. Jhe okl ool !« ans! nBDtEaLHALNOROYA! Y88 10 aer qqrrect ed so

as to nake the service abi e dirstribution uniform This intends
to consequqﬂé% /€3§§4}he service availability time constant not depending
on the floor. ? osition eval uati on val ue-used assi gnnment 15 net hod

(P A-2000-118890) 1n 4}1i & pELhOdeoacRO! 108 AYaLUALLORRKAE n 0PI event
cages fromclustering 1s calculated for each cage. Assignnent to a hal

call is detegy negh ISk PgaRgeROst thoNcg¥alyapbepsackuded agsiggnment
eval uation 20 value. The position evaluation value of "a cage is calcul ated

based on & herehadi9niet yeepihs si abspbyl etefOSi Fireh and bheaveage _
absol ute position of the other cages when the hall call is generated. This

method al socddid enflsah Gef¥@h) YL RE T BAgEcbheLEREPBEL bY@ i§Adest 2addowever, the
above-listed prior art  techniques do not substantially solve the probl em of
floor is calculated as the service availability time.
Further, the service availability time distribution is
calculated. The hall call assignment evaluation values
10 are corrected so as to make the service availability
time distribution uniform. This intends to
consequently make the service availability time
constant not depending on the floor.
5) Position evaluation value-used assignment
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
also 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



arranging the cages evenly to attain equal interval condition. Since
cage-to-cage intervals/positioning - 5 are evaluated only at one point of
time, the aforementioned prior art techniques are difficult to stably keep
the respective elevator cage in tenporally equal interval state over a |ong
period of time. 5 SUMMARY OF THE | NVENJI ON Accordingly, it is an object of
the present invention to allow cages to settle in tenporally equal

i nterval stat e8¥§%%§%L88908?9i$g gﬁggkggpro§ok{ng %nghe probl ens of the

prior art contr nirques. he "above-tentioned object, the

present | nveg#&?@m@ﬁgysgggvgrmt SE“:C‘BQBEEE'QGQ'S a8l e 98&, [1Quti&, generating
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hal | call s0,q@s) t PnfBkEalheracbuslelr 8l e6har peofi oAt @ligkator closer to
the reference’route of the elevator. 20 An €l evator group supervisory

control system according to the present invention allows cages to settle
in tenmporally equal interval condition over a |ong period of tinme since

reference roggesanhi 69 gdkdesvekifeogages into tenporally equal interval
condition are 25 generated and car assignnent is executed so as to nake
Accordingly, it is an object of the present

invention to allow cages to settle in temporally equal
interval state over a long period of time by solving

10 the problems of the prior art control techniques.

To attain the above-mentioned object, the

present invention provides a system comprising:
reference route generating means which, for each
elevator, generates a reference route which the

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

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

25 generated and car assignment is executed so as to make

the respective cages follow their reference routes.

BRIEF DESCRIPTION OF THE DRAWINGS



the respective cages follow their reference routes. BRI EF DESCRI PTI ON OF
THE DRAWNGS - 6 O her objects and advantages of the invention wll becone
apparent fromthe follow ng description of enbodinents with reference to
the acconpanying drawings in which: 5 Fig. 1 shows the general control
configuration of an elevator group supgrvisory control systemaccording to
an enbodi nent of the present invention; Fig. 2 shows the control

configuration of the JfhiargefetPyt §nAr gRILALLOR SO itoR iR ffidd st
enbodi ment of the present invention; Fig. 3 shows the control configuration

of a targety]putgePbRPEBbLPENEECELDANLHE #0380 ERAGE TR orOloft he
present invention; 15 Fig. 4 shows the target route specification setting

section 102;efib@dikeshowsitherepatentecenf taur aticompah g dyzedingfsed route
preparation section in an enbodi nent of the present invention; 20 Fig. 6

shows the comtrwhig€lenfiguration of the predicted route preparation section
in an enbodi nrent of the present invention; Fig. 7 shows the control
configurasion of the Foytelevabuatths §unetrhoncealtewlati ng section in an 25

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

Fig. 2 shows the control configuration of the

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

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

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

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

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

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

25 embodiment of the present invention;

Fig. 8 is a first diagram illustrating the

control concept of an elevator group supervisory

control system according to the present invention;



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

i nvention and conventional control; Fi'gs. 11A and 11B show an exanpl e of

target routes prepared.in the fLr odi. of. .t;h i hventi on
%hg bhesfLr St o gllgﬁreitam 111{5@%3@6 thd

10 Fig. 12 is a first didagramillustrating targe reparation

concept of thenliLst coribdi BRNLAOLILYS BEesenl,d NERLIAN 0. 13 |s a

second diagramillustrating the target route preparation concept of the

first 15 enbodhpegt QfstBR REESESAL nhM¥BNEHRN oIt Jlgﬁgém B show the

process of preparing'target routes’in the first emnmbo nt  of the present

Invention; Fig. 15 illpspLatesat BR4CeBBeRhoA! thie 43¢ MY Aephase val ue;
Figs. 16A and 16B show a"first exanple of target routes prepared in the

second enBodiBRALo0f abBErdRhESEBt thBVEREL@AL Kngenthéh andh 17B show a second
exanpl e of
conventional control;

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

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

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

15 embodiment of the present invention;

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

Fig. 15 illustrates the concept of the

20 temporal phase value;

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

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

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

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

route distance between a target route and predicted



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

invention; Figs. 18A and 18B illustrate how the inter- route distance
between a target route and predicted - 8 - route is calculated; Fig. 19 is a
fl omchart showi ng the general control processing flows of an el evator group
supervi sory contr ol systen1according_tg an enbodi rent 5 of the present

i nvention; Fig. 20 shows the flows of processing to prepare target routes;

Fig. 21 shows,the oug1Qf1Lhegpredicted route preparation process A 10
Fig. 22 shomsotﬁe %%oms OP the predicted route preparation process B; Fig.

23 shows the flows of pfgcessi Ag L0 £16@kfUlAl @ HRA dPUWHR Ryt dali on

function; and Fig. 24 is"a flowhart of the target route 715 update judgnent

process. DETALED, DESEREETL ONGOF 1 bHE E@FQQI@E@@%t%rfkﬁ§£qﬁnbodinent of the

present invention wll be deScribed below with reference to the draw ngs.

Figs. 1, 2, 4,b8r0uU8bry @PHrid1tBLAUaR Loceaeh ngoReelh Adddigndrt St

enbodi nent. Firstly, control images (principles of control) of an el evator
group supservhsote COREESAht SMStamieh;the present invention is described

based on

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 processing to
calculate the route evaluation function; and

Fig. 24 is a flowchart of the target route

15 wupdate 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



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

el evator group supervisory control systemin accordance wth the present
invention. Left in Fig. 8 a longitudinal (vertical) section of shafts - 9
within a building is conceptually shown with el evator cars noving therein.
Shown right in Fig. 8 is a diagran1(g§nerally cal l ed an operation di agram
which depicts the trajectory of each €l evator car with the 5 horizontal
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Fig. 8, the elgvatgV ol O?H sggﬁrV|§R5%ncggt5%Il%y%1 controls two cars.
Left in Fig. ¢ 7P st Gar I'ven rererence nﬁheral is going up

after changigg, | ngégéﬁ&%&['ga&aﬂfgdf LEsbobhaen Jghide 318%%% car

(given r ef erence St e roor Thi s
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Fig. 8. 15 e po representing the present time along the
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toward the | andings o irs or an floor respectively. That

is, the actyaltisa) egkpsy (Rb2 ?aEQpﬁééehﬁlﬁBO‘eﬂﬂet %etr%daelf ol taforf he
present tine in the operatlon di agr am of i's, the actua
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trajectory of the” second car is a trajectory A041

Fig. 8, the elevator group supervisory control system
controls two cars. Left in Fig. 8, the first car

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

15 To the left of the point representing the present time
along the time axis, the first car (A03) and the second
car (A0O4) 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 A041l.

The present invention concerns the future

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

along the time axis in the operation diagram. This

represents a "target trajectory”" which the car should

follow after the present time. Hereinafter, this



The present invention concerns the future 25 trajectory of each car to the
right of the present tinme along the tinme axis in the operation diagram
This represents a "target trajectory” which the car should follow after
the present time. Hereinafter, this - 10 target trajectory is denoted as a
"target route”. An elevator group su %{V|sory control system according to
t he present |nvent|on is characterized™in that the operation (to be

preci se, assj nnent of each car ntroll g s to.fqllow the target
U s s

route. Spectdl a}Iy,a%ﬁﬁ Org The Fouf'e & FOPSE car “Thhi l e AD42

s thetargéé& 40 S660091¢8E, cbALLaguelian of, these Langet routes
ere 3 tT S

or target (or orre respectlve C 10 should

be_control | eg,d g#@ééw %9@91:& £ 1LTEnauLs, o ks bhe garesent i nvention

different from conventiona group supervi sory cont systens Fig. 9

depi ct s how%legl@ygﬁogtga% ﬁrg&%% dask Hﬁegﬁ' ri*e@atc(?i %I s cal |

according to e target route aS|ca enti cal the left

si de provg deéor@tﬁ’@ﬁé&aéo5§§tt8n§ble§WtHE &Q% éfea%%teshow ng the i tuati on
of the elevators while the right de prOV|des an operation diagram

Firstly, assim- 1ff@ﬁl?¥”eMO@@|isC@hé dergadi pgueRWalrd thieaB3pQitt ldon 20 has
occurred at the third floor (see the |eft diagram of Fig. 9). The group

super Vi sory gontd olo £5S{ gnshanta 2HRE 0Pk Ecgakhet Bechnbstcagar (BO03) or the
second car

Introduction of these target routes or target (or
reference) trajectories, which the respective cars

10 should be controlled to follow along the time axis,
makes the present invention different from the
conventional group supervisory control systems.

Fig. 9 depicts how an elevator car is decided

to be assigned to a hall call according to the target

15 route. Basically identical to Fig. 8, the left side
provides a vertical sectional view of the shafts
showing the situation of the elevators while the right
side provides an operation diagram. Firstly, assume
that a new hall call demanding upward transportation

20 has occurred at the third floor (see the left diagram
of Fig. 9). The group supervisory control assigns an
appropriate car, the first car (B03) or the second car
(BO4). 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



(BO4). Here, give attention to the novenent of the first car (B93). The
target route of the first car is 25 trajectory B032. The predicted route (a
trajectory predicted to be followed after the present tinme) of the first
car is route B0O33 (predicted route 1) if the new hall call is not assigned
or route B034 (predicted - 11 route if the new hall call is assigned.

G oup supervisory control according to the present invention tries to nove

each car so tha%ei5§t%§rg%% Egﬁtﬁéhﬁ C%H?]qgﬁngégﬁg%fj?%%xﬂgfince predi ct ed

route 1, t hat °b s, € route predicte o] call is not

assigned is QGBégh%rgEt‘éPb%S?t a2y %’ilntg{]%ohaé}{eo rp)}aé%exﬁei’}g{?rgff&gned to

the first car. nsequ he "actua rajec 0 car

appr oxi MRt es. 0! 0 HBVECEaEAULEy 1 Ahhoudh the Gl el fdis contro

will separately be descri ect 1s essent rived by draw ng

the target rPHi?éwé&.thﬁEcb?@inb??pe%HE%% REA LA ST atefpmporal Iy

equal intervals. As'a result of the actual trajectories of 15 the

respective cars oLl pylipg bhedhiatest tboveetaldn 11 MIRSHPIE ddmtheslong run
to stably control the respective cars so as to maintain the trajectories of

the respecti¥6tCaEsighelieRBORBhkKre@uak nentam@lts rdiftfe ©Xa@@Iiy11 N the case
of Fig. 9, the 20 acCtual trajectory (B031) of the first car (B03) is close
to the actuakalrajgchetyacB94hpdotot RBeSEEORE GHr. Consequently,

the actual trajectory of the first car approximates to

the target route.

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

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

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

20 actual trajectory (B031) of the first car (B03) is
close to the actual trajectory (B041l) of the second car
(BO4), 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 (B04) will

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

condition. However, if the first car is controlled so



(BO4), that is, they are run in a string-of-cars condition until the
present tine. At this time, if a new hall call demandi ng upward
transportation, 25 generated at the third floor, is assigned to the second

car, the first car (B03) and the second car (B04) will continue to be close
to each other in a string-of-cars «condjtion. However, if the first car is
controlled so - as to distance it f fromthe second car by follow ng

its target %‘t&d&fé?&?g to.Logate Lhe respectiye car s, abhemporal |y equal

i nterval s, e neM/ aSS|gn rst car

(B03), the fi‘{éttad9§é‘rr¥\€1 ase%éiﬁ}ﬂ"ﬁht §otgé % ”EH%er%' %t%et e denporal Ty

equal interv con 1 on 1 gs the omnng sumari| zes

what char act gf i 2enf e, £t Lol P ifAELRLESSOf cnaD %gevqtfolrtg%r oy gRgrvi sory

control systemin acc nce Wt e present i hvent own in

Fig. 8, targeglioyée%m&@;h% Ea, £6SPRSt EYEceara shaph T aklowsalang the

time axis are set wn in In or that the respective

cars fol low theiy;iargei15Quies, tgreal;lrsa{é alifeSakoRed to a car which
woul d conme closer to its target route if the car serves the hall call based

on the resu&émﬁgrgpppaéqﬁgltb@tégggftcg@g1@§oﬂnth the predicted routes. 20
3) Consequently, each car runs so as to fol

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

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

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

20 3) Consequently, each car runs so as to follow
its target route.
4) , Since the target routes are set 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



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

descri bes how an el evator group super 3;sory control systemin - 13
accordance with the present i nvention i% conflgured Wiile Fig. 1 depicts

the control sYsleqLeontl 9prathano gl Ao PLELALoh-0auR SURBLURETY control

systemin accordance esen i nven cont systemis

|nplenentemiWgafgn%f%ocgn?gbgg §§ EEE8F E?SQ%ﬁrSPﬁgﬁg%?%% systenlLS

conput er (personal onput e t he

fol l'owi ng f oy £onpnGDE s ageok yssggyemge&gnc@nft%qet%}%w qprepar at on

section 103, a pr eparati section a route

eval uati on fé@&éf@é‘ncé'sﬁgtﬁo’d & §¥QEHF}U 9H¥EHE9LBh°”tB§' sculgtlng section 105,

and an assi gnnent el evator se I ng unit a target route control

uni t 191-5E*E&é%%&ylst§ﬁ§fémeﬁegaeoﬁa§eﬂlE?BEBB#u%%rde%@®'Q@q‘Mﬂél Figs. 8
and 9 is 15 executed by these four conponents he fol I owi ng provi des a

det ai | ed deﬁ§fgﬂ51¢@&oé@s§8§ copyEebmcoBi gupAbLOB rOf(pEirgonkl Firstly, Fig.
1 is largely conposed of: a pfurallty of elevators EZA, 42B and 420);
controllers &dHﬁhtéﬁﬁ‘@ﬂ@.ﬂlg& the like. Referring to Fig. 1, the
following four components are key components: a target
route preparation section 103, a predicted foute
10 preparation section 104, a route evaluation function-
used route evaluation function calculating section 105,
and an assignment elevator selecting unit 2 within a
target route control unit 101. Basically, target
route-based control as described with Figs. 8 and 9 is
15 executed by these four components.
The following provides a detailed description
of the control configuration of Fig. 1. Firstly, Fig.
1 is largely composed of: a plurality of elevators
(4227, 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
(417, 41B and 41C) associated respectively with the
25 individual elevators or the first through Nth elevators
control the positions and velocities of their elevators

based on the hall calls assigned to elevators and the

car call information derived from the hall calls.



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

el evators based on the hall calls éééﬂgﬁéd to elevators and the car cal
information derived frogmthe h The function of the group

L | cakl - 14
supervisory controller™g gn?g188t8 nﬁﬂg AAPER SHPSFYNE Ynost  appropri ate

for a generated h call. based the _information.regarding,each el evator
(posi tion, ﬁ%%?%ﬁg%i%{?Lc ?o§$ %%E%g §ngsgﬁgﬁggcﬁﬁlﬁscgﬁﬁ,nﬁ%?ﬁved car

call, hall g%éé)xé L1109 FLPE, g&ﬁe}_a@gg ﬁé?ﬂgﬁﬁﬁ’;ﬁggg% Rl L0 the car.

This functi escri bed below i'n et al arge F%ﬁ?e contro

uni t 101, aiHP?%xfr?éngéané'é&réPr‘?&iéé&@té%v%g%&: Egoéﬁ‘t‘:&io?l” #%271% S

speci fications arget routes”based on't ormafion froma traffic

data units 7 gfficei| DPref9catbegntal RE1ANCAZEAl e BRSiL ALY,

trajectories at keep the spective el evators at tenporally equal 15

et e, Sy S PSR LhPLLRR, I LR bEpatel ki cutouts
information capput, el gyvatoF - useds BURBACLE8hT 1 6) described below in
detail.
In the target route control unit 101, a

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

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

The target route preparation section 103

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

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

car call data unit 9; traffic information obtained from

the traffic data unit 7; average stop frequencies (for



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

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

i nformation opbt ai ed rom the traffic dat aver%_%{ﬁ; frequenC|es
"h

For s S RBpRes BEAhablPeih8S] 48 B3E8-E0 46 SEHAEY 3 stoppdurlng
ascent or degcent) g {;ghgegff 40880 3VSER0e8L0 - T Sguenex dar .y

stoppage ting In average st oppage per stop)

obt ai ned frog}%%geﬁggpgg g@ gat ggﬁg%gg tg ghl%kg% %&éﬁﬂ'f&{&led

vel ocity and ot her speci |ca ion~in ron taine ron1an i ndi vi dual

car specifi ﬁ% 1Qat§v89 éﬁ- ﬁogé&?%'%?h %9%% %%%%1n@&9%ﬂ§%l°”

(indicating w nany and can %e contr as a group at 10 that

e or 18 hateheehoo) cohbabined. Lhom gn. BuBhl BblGaccar caount oAy data unit

12; serV|ce ormat 1 on ormafi on about which oors can be served

at that ting.pbcify tQﬁ& BeALLdLoEBE 21 a1 bROTL o3REYCH RYindlata unit
13; and predicted route i nformati on obtai ned fromthe predicted route

preparation seghi o8 104ivNetig1 that sﬁb@&?ﬂ:gﬁléﬁe@l@g‘é tinQR finequency and
stoppage tinme of each el evator depends on the current traffic within
available car count/name 1nformatlon (indicating how
many and which cars can be controlled as a group at

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

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

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

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

in detail.

In the predicted route preparation section



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

el evators, it is 25 possible to set ot ‘appropriate target routes. The

t ar get rOUtel?é?g§£3&£QFeQEEQBQ?PL%E?bﬁggﬁ%%%bb%%rl%%%% Ja% detail. In the

predi cted rou eparation sec prédicted Toutes are prepared

for each Carpreﬁ?@@%ﬁtEQuEQU e(%0§§93§éda%ggﬁﬁ%Q%%t%%u&%“be(%d@%934) shown

in Fig. 9 are specific exanples. predic route of a car 1s a predicted

traject t h 5 Tt th tj ey Jeike when t t
raj ectory thap,f S?C?E%.p?g%r%?%h@%&%&%”b&%%gﬁ%%ﬁe“A %&@%1&% en targe

routes are prepare route prep on ses the follow ng

nput_data: hghteCat!al phorBLLOB,c0RLRLACE LhAmNS Rald: ¢3ld data unit &

car call informati on obtai ned fromthe car c unit 9; 10 traffic

i nformatign ﬁ§%3f8§9o®r996ﬁh€hér?EEE%n@aEQm%UitLi}é FHRAQE rP frequenci es
obtained fromihe average stop frequency data unit 5; stoppage tine

information robtaingdefppaphbedst eRRagechi bR cdat-d R Hhripaga&h orel evat or
car's specification information obtaihed from 15 the individual car

speci ficati opsdat enenfdl1dwingvahpabl gagar ©aunt 3ame iinFoemaaticen
(i ndicating how
obtained from the hall call data unit 8; car call
information obtained from the car call data unit 9;

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

15 the individual car specification data unit 11;
available car count/name information (indicating how
many and which cars can be run at that time or in that
period) obtained from the available car count/name data
unit 12; service floor information (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 1important points. This can be realized by using
detailed information about the traffic in the building

and the condition of the elevators as mentioned above.

How to prepare predicted routes will be described later



many and which cars can be run at that time or in that period) obtained
fromthe avail abl e car count/nane data wunit 12; service floor information
(information about 20 which floors can be served at that tinme or in that
period) obtained fromthe service floor data unit 13; and provisional
assignment information froma provL§ifpa1 assi gnment car setting unit. In
this control system accurate prediction is one of the 25 inportant points.
Thi s can be %ﬁahgggglpy using detailed information about the traffic in the
building and the condition of the elevators as nentioned above. How to

prepare predicted routeg %BE'rBEtQGE?%EQ%@el?H@éx;dgéd ddydetail. In the

route di stance i ndex-used route evaluation function cal culating section

105, ' near neésf:a1u965%e@uﬁce%aet:a&gu&%t% R e Llgfh I oYL, i eval uat ed

for each car by a route distance I ndex-use route eval uation function. In

determ ning yAtGBefal £Qrg@8sSk8AtkOafdnal bredlilotdise Ritd his route
evaluation function nmakeS it possible to select an el evator car whose

predi ctedsrouyg1h9tbg kFakenaby ERe 69 al fok@a%8istnedtd addhshddqcall is
closer toits target route. In the exanple of Fig. 9, the route distance

index is an rpdex &9afuabtibhyrfuhetnealness between ity WHiet < 't target
route (B032) and predicted route (B033 or B034). The route distance index
and the rout gsibgevabuat hanlf uatli oasw blf haideseritkedvaahertion detail .
function makes it possible to select an elevator car
whose predicted route to be taken by the car if
10 assigned to the hall call is closer to its target
route. In the example of Fig. 9, the route distance
index is an index to quantify the nearness between the
first car's target route (B032) and predicted route
(BO33 or B034). The route distance index and the route
15 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
20 evaluation value for a car assigned provisionally to a
hewly 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
25 to wait may be set as the evaluation value for the car.
In a total evaluation value calculating unit

14, a waiting time evaluation value calculated by the

waiting time evaluation value calculating unit 15 is



A waiting tinme evaluation value calculating unit 15 calcul ates an

eval uation value for each car based on the tinme for which a hall call is

predicted to wait if assigned to the car. For exanple, the 20 eval uation

value for a car assigned provisionally to a newy generated hall call may
directly be the tine for which the hqu call is predicted to wait.

Li kewi se, the largest of the times for which all hall caIIs already

i dt t th
oval ot on vPEafifladhfia” SAREA! LR/ BLEM SuEHWER I WY v B SHER 2t
14, a waiting i&{i‘?aféf&' ?UCHQ ¥6h'e 8&‘%9%%‘3%% U& % time
evaluatlon va ue calculating unit s - wei g te ded to a route

eval uation fupgti on; ¥al yénce%ﬁulca&eqlgxlhg s@%tl%nd'mtsa%e i ndex- used route

eval uation function cal cul ating section calculate a total evaluation

val ue. Usingc4echn) RK)a éoﬁgiré%ﬁhaty\@naeglﬁ%r r) 6hhg @i pepecti vel y denote

the route evaluation function value, waiting tinme eval uation val ue,

wei ghti ngsf a@iqik)angct ahal aevaduatd o fsd e vd he dél%aé @Hé' y@&ten val ue
(err)T(k) is given by the fol omnng equation. 10 (err)T (k) (err)WKk) +

(err)R (k) Xe¥fluatibh) fuMBeién %amﬁénswéﬂﬁlﬁ%rth&et@Qa&ubmlﬁﬁ{ The
wei ghting factor WC is varied dependlng on the traffic condition at that

tinme. For expaphe, wheghthegbahbtdbrgahs tdeser kedlGeitddingRial @3 lghdror ni ng,
etc.), the WC val ue
total evaluation value OT (k) is given by the following

equation.
10 OT (k) = ®W (k) + PR(k) x WC ... (B)

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

condition.



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

eval uation value than to the route evaluation value. On the other hand,
when the building is cromded, the WC value is nmade | arger 20 since hal
calls occur frequently and target routf- based control is effective. By
using the total evaluation value as g Yen by equation (A), it is possible

to change the relationpaf priaori e t t sed eval uation
B%g e/l t%% Q%&%ﬁ.%vé%ﬂaﬂ Jyfhgg

and target route-based eva uation for aSS|gnnen depending on the traffic

condi tion. c%?cu@%%%ﬁ et g%@%e%%gk%gt qgf g%g | ated for the
ue cal cul ati

respective cars by the tota eval ti1on v ng unit 14, the

assi gnment - ebeabo ofeleSLENg Utk 22 A6t GHnes Whigh £8E; haniaee S

assigned to the hal hrough eration of each conponent of the
control confLgurakiben 3@@%&%‘1%‘1 uiteh Figgt bmided SypRASSED) €5 & Otb npk ement

the target route-based control” principle descrlbed wth Figs. and 9. To

be 10 accurakgsifhgs. +8 aRd Rafiacksign the operation of target route
control unit 101 and the operation of the waiting tinme evaluation val ue

cal culating unit 15 i s7TheBughe@nhepRirat it JOldLM nbiiestehPesst he genera
15 processing flows of the target route-based group

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

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

The following describes the general

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



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

call data unit 8 of Fig. 1), car call, jnformation (input fromthe car cal
data unit 9 of Fig. 1), car i nf or mati o (Tnput fromthe car information

data unit 10 ng Eg.iééPr&g@&%kg?%thE%§$n%}ga%%§%¥%£mg§(Kgéé§%individua

car's speciFlca ion aunit 1 inf i on- dependent

aver age stopggéﬁqyﬁgg'?ggﬁkagukimgrggkéhgngge%a%% S5 ﬁnequency data unit 5

of Fig. 1), orimat’i on- dependent St oppage times (input from

the stoppage,{j e, gdatacyq Eoﬁp@‘?n’éhggt J(Z.nﬁ)il.lt%\/?i;ogrfltglle;ac{vﬁ\io_l.;gr}sdf@aé?? (1 nput

fromthe availabl e car count/ nane au servi ced

floors 5 (i ”BH&n{VHH?nEhBaﬁélr ¥hge fbogk @%Egt 4 talnjd3 Arfldg Bioo ot e that

al though Fig. 19 conveniently indicates t all the above information is

entered ag a(iﬁ?@tbfrBH?thEnEEEVEEEQEWBBEOGa%Bd%EﬁtpﬁQPQﬁﬁ’Fﬂﬁ.iﬁ)ﬁ|50
possible to enter the information in steps as necessary. For™ 10 exanpl e,

the informatigpei hent g1 edouBhSeYEr al opkaaesnikentiRe 9RNIAled I1amof Fi g.
19. It is also possible to eéenter "sone of the information at a tine and

another at anothee hbBBe Ahferhateohhat eaebreldewdt or tGate Ly aled speed
and ot her specification information (obtained

input information update process, it is also possible
to enter the information in steps as necessary. For

10 example, the information is entered in several places
in the general flow of Fig. 19. It is also possible to
enter some of the information at a time and another at
another time. 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



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

el evators are installed. In the subsequent target route specification
setting process (ST102), a target route 20 specification is set through the
operation of the target route specijiffiion setting section 102 of Fig. 1.
Basically, a tenporally equal interval"state is set as this specification

I t t [ 3 : d
n atarge EggEtSEEBEp%Eatth%ntpr%ﬂ%%%% (éﬁ%cgﬁeﬁrﬁléﬁ%ee%%ﬁ prepare

accordi ng 25 e set target route speci ough the operation of

the target reyyesprepgragionrgeeti qr 123 Qfs;frGhenl ﬂfb@eé’é%ﬂ% cigd route

preparation process A” (ST104), predicted rout'es are prepare hrough - 21

operation of ;phexppediet 88 oLt BeRBRAR! I3 S8 10P g Pledih1l. Then,
if car assignment processing is invoked due to the detection of a newy

generated hakh11cakir1057103) sedi2@r oS @fr GA's i@ INRIMoJELEEsses 5 shown
bel ow the conditional branch is executed. The Tollow ng describes the car

assi gnnment psRERESHENBW. thEekendRtavingi10mHan2ss i tfegachrkar to the
hall call is executed by |oop processing. In Fig. 19, this loop is naned a

"provisional fealorsaggasert ibeepthtl cael He&) gnmeritheiycnd sifanay. car
assi gnnent |oop (ST106), the variable ka which neans the ka-th car is

i ncrenent ed Reeebypobeibional teshgameniaib feacith elaavatorcearhdsl gi ven the
provi si onal car assignment

call is executed by loop processing. In Fig. 19, this

loop is named a "provisional car assignment loop"

10 (ST106). In the provisional car assignment loop
(ST106), the wvariable ka which means the ka-th car is
incremented one by one from 1 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 (ST107) is
executed at first. This process prepares a predicted
route which the ka-th car would take if assigned to the

20 hall call (whereas provisional assignment is not
considered in the predicted route preparation process A
(ST104)). This process 1is executed by the predicted
route preparation section 104 of Fig. 1 (Information
about the provisionally assigned car is obtained from

25 the provisional assignment setting unit 3). Then, the
route evaluation function is calculated for the
provisionally assigned ka-th car (ka = 1 to N) by using

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



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

process is eﬁﬁ&“}(g@tgy %qu&@?ghc‘f%ﬂ lt&%%t § SPLEPALLON 13 ectc“ on 104 of Fig.

1 (Informatio rovi si ona assi ned car i s obtai ned from 25 the

provi si onal i@Qﬁgt r%fiéé@ﬂtgn 3%105@%@3& %%tJe%% et(r%" atiagté[ton function

is calculate ovi Sionally asSsigned ka-th N) by

using the prepacedngr el chedat aut eoatot R ckarLh ceat CASTIOR) 1o 22 The

route evaluation function Ts an I ndex asically represents t he

cl oseness beé%@@@té@eb%a{ﬂétroﬁgétSv§TQaEP%an%@%€BnJH§éE (Fﬂés

calculation 1s executed by the route evaluation unction-used route 5

eval uati og f@@&lﬁ&@1&ﬁ'§&$@£i89 e8¢tL0at18s abckign o5 Hemkip waiting time
eval uation value is calculated based on the predicted waiting tine of the

hal | call ffﬁeﬁheap&9¥t§ﬁ€n@ih¥ agshgnedokavhhyean s( eh1katethe  waiting
time evaluation value for the ka-th car may 10 directly be the tine for

which the hapds&adl bnishe ppedicteddt Raneihgf @ mehe fkahteh nean idalassi gned.
Li kewi se, the largest of the tinmes for which all hal

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

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

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

20 provisional car assignment loop processing mentioned so
far is repeated until the loop is terminated (wi%h Ka =
N) (ST1l1ll). Consequently, N total evaluation values
(N: the number of cars under group supervisory control)
are obtained as a result of provisionally and

25 sequentially assigning the hall call to the respective
cars by incrementing ka from 1 to N. In an assignment

elevator selecting process, the most appropriate car is

selected for assignment based on the N total evaluation



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

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

eval uation value is calcul ated (STllgg as given by equation (A). The 20
provi si onal car assignnent | oop proceSSing nentioned so far is repeated

unt 1 the | apn i Cerpi gt o0 4 KR oo M (ST} caCpsauent v, N tota
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1. By followng the flowhart of Fig. 19 described so far, it is possible
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newly generated hall call, evaluate the nearness between the predicted

route and tatgetned 9l Wettdsdn Citlie Dyrédiotée eyatgabhanthugeti on,
cal cul ates a total evaluation value for each car by adding a waiting

time-based inwepe tef tdwecmesamass 4 0r@viad uata Dlavabnefandtibar, actua
assignnment, select the nost appropriate car, nanely the car given the best
calculates a total evaluation value for each car by
adding a waiting time-based index to the nearness
10 evaluation value and, for actual assignment, select the
most appropriate car, namely the car given the best
total evaluation value (lowest evaluation value) when
assigned provisionally.
The control system configuration of the
15 elevator group supervisory 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



total evaluation value (lowest evaluation value) when assigned
provisionally. The control system configuration of the 15 el evator group
supervisory control systemshown in Fig. 1 includes the target route
control unit 101 conprising: 1) the target route preparation section (103
of Fig. 1), 2) the predicted route preparation section (104 of Fig. 1), 3)
the route evaluation 20 function cal cul’ati ng section (105 of Fig. 1) and 4)

the target route specificabloR.setbhng saCkign 6102,af Fig. 1), The
dod Bt aT Toh

fol |l ow ng provi escription o how't hese conponents operate.

At first, Wééhff&@f%‘f%;?f i':{lgé- 4rgad }éuté%%b‘aﬂt&iw’ saAaly | ed

description I's nade s done’in the route preparation section, one

of the nost ;d SROP n i h i.nyenti @n..Ekg. 2 shows
an exanple<ﬁé{%ﬁ¥%§g¥ﬁ%urat?%ﬁ %? Fﬁggtg?gggﬁgﬁgi' ggu%eggfgggfation

section. In Hge Zipddtee FEhONF abl 9RO 1DBR bar gel.r oyt eopreparation
section is largely conposed of four conponents: 1) "a target route update

j udgnent bl Qﬁkrl(ér&3pté}ﬁ§>é:£f£l F@hasa)valﬁecuanema&ﬁﬂg%qbcnthqm\ealotfe
o I g

cal cul ating bl ock (103 . 2), 3) an individual car's tenporal phase
val ue adj ustignt2 gmntagal gal at 401 bbgeks(&eﬁgo@fafgﬁasa) vaa@é 4) an

adj usted route preparation block (103D of Fig. 2). 10 At first, the
fol | ow ng destridt@serith@amount calculating block (103C of Fig. 2)

and 4) an adjusted route preparation block (103D of

Fig. 2).

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

15 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

20 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

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 waveform and using a "phase-like

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



operations of the four conponents described above in order to provide a
general control inmage. In the target route update judgnent bl ock (103A of
Fig. 2), it is judged whether the current target route is to be 15 updated.
If it is judged that the target route is to be updated, the subsequent
current tenporal phase val ue caIcuLaEk?g_block (103B of Fig. 2) evaluates
the tenporal relation anong the currént predicted routes of the respective

el evator cargolye oehukali adothen20.Lemaral Phase valus oh fash pred ot ed

route as an I ndex. Ing the concep hase™ i's , for

exanpl e, thrffké’hﬁﬁ&%i‘“@é?f‘é' BOng5nusoldak i‘é’a]}é%flqre"dﬁ tHE jdered in

electrical circuit theory. The respective waveforns are evenly separated

from each 25,01 ber,uben hibeqwayefRENBrakenseRaanhed o ¥B each idher by
2ri/3(rad) in phase. That is, considering the route of each car as a

wavef or m andrisi femBor @NagBabék@a1i8dex11f BE HestRKk@d 18aSi 8m to eval uate
the route-to - 25 route intervals of the respective cars. This "phase- |ike

i ndex" cosregpeads. t onybat tBecahlkednthechpBranabhaplasa valsueesed in the
present invention as an index. The tenporal phase value will be described

later in 5 dednthlafédeint bigeconreshtt eappbaklpbaseevalaues are cal cul ated
in the current tenporal phase value calculating block (103Bin Fig. 2), the

i ndi vi dual carcslaemperislophase0yBl up mdgusienthamawati vierladul ati ng bl ock
(103Cin Fig. 2) calculates
car's temporal phase value adjustment amount
calculating block (103C in Fig. 2) calculates
10 adjustment amounts to make the temporal phase values
distributed evenly. Based on the thus calculated
adjustment amounts, the adjusted route preparation
block (103D in Fig. 2) adjusts the temporal phase
values of the predicted routes of the respective cars.
15 The routes obtained as a result of this adjustment
become the target routes of the respective cars.

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

20 Figs. 11A and 11B illustrate an 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



10 adjustnent anounts to nmake the tenporal phase values distributed evenly.
Based on the thus cal cul ated adjustnent anpbunts, the adjusted route
preparation block (103D in Fig. 2) adjusts the tenporal phase val ues of
the predicted routes of the respective cars. 15 The routes obtained as a
result of this adjustnent becone the %@rget routes of the respective cars.
Wth reference to an operatlon |nage @f Figs. 11A and 11B, the foll ow ng

d bes t f t bed
above, 20 Figioqt A ana R Tece| PRePrapd ai HRer kiRl MIE R i ar ger

t t
hown Tn Fiats A ?f?ﬁ?"gégfSéﬁgﬁ%??ﬁgrwﬁﬁgk e o TR o e

operation i NRYS nb@s a g al S pt i o] rol 25
(Figs. 11A and 1f%§WFg e %£g§%c€?%§% Sg?ér |gﬁfg?Phe39@ae€g%?q3q%ﬁ% gr aph

(target route,protoies, b§é@6§d adrustedd) ohinki 9nihALST respdsido the
current predicted routes of the respective cars based on which - 26 target

routes are H&epaLdRs gessehbedimbt BxF59(c8s0) Hsh@ delRe el arr gt oup
supervisory control systemis assuned to contro three cars. 1n Fig. 11A

the first oafe (&0dh 5E66RY €RLirfCP28dranddt bhdtear166@30) are 5 now on
the present tine axis (CO050) and descending from the elghth floor, third

floor and fotwdpedt Deely. r espechryel ¥ytedheoptedi gpeddretieas (predi cted
trajectories) of these three cars beyond the present

trajectories) of these three cars beyond the present
time are respectively drawn by a solid line (C011l) for

10 the first car, a chain line (C021) for the second car
and a broken line (C031) for the third car. The
predicted route preparation 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 (CO1l1,
C021 and CO031) 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,



time are respectively drawn by a solid line (CO11) for 10 the first car, a
chain line (C021) for the second car and a broken line (C031) for the third
car. The predicted route preparation nmethod will be described as part of
the description of the predicted route preparation section. As shown, since
these 15 trajectories are close to each, other, the cars are to sone extent
in a string-of-cars condition. Referri'ng back to the control configuration

of the targefy ‘gé‘tt_zﬁ‘en{”%3&3&%09051%%51((88211}92rE}sgec%ivite‘;p!g%cfi% ididged by the

target route ate judgnent bl ock update the target

routes, the gunfentqisrpobaleahaseniyabye caheuhaticng bl eele (103B in Fig. 2)
cal cul ates the tenporal phase valueS of the predicted routes (C011, C021

and C031) of;fidev]gspecthyescaenpbyal egabdengalliless LR asmaraf ornms of
a kind. These tenporal 25 phase values are calculated at points where the

predicted rat eSuPitihg HESBRCYLYSCCRRS FEEt.eQ§@Ct Ihh@iga.dilqsxt,nﬁcmrereef erence
time axis (C040) in the graph of Fig. 11A Then, based on these tenporal

phase valsesglacR7ciAdi &shoEAt saBRUBKE LA BkRchRE regepeeldev e ifeedi ct ed
routes distributed evenly are calculated in the individual car's tenporal

phase val ue @i sistoend) aapentorcaheskabtifgskbhesk GixB3etisn Firgdr 2). In Fig.
11A, three 5 black circle points on the adjustnent reference tine axis

(C040) are fetampbsge wltf usdirbt CabRupesleEas taxaaphes tiee tpamdtun€OLA
reflects the adjustnment anount

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

10 process so as to go through this point (CO01A).
Likewise, the predicted route (C021 in Fig. 11A) of the
second car and the predicted route (C031 in Fig. 11A)
of the third car are respectively adjusted by the
subsequent process so as to go through the point CO02A

15 and point CO03A. This process is executed by the
adjusted route preparation block 103D in Fig. 2 to
prepare new target routes by adjusting the predicted
routes based on the adjustment amounts. This results
in trajectories shown in Fig. 11B. Fig. 11B shows the

20 new target routes prepared based on the predicted
routes shown in Fig. 11A. The target routes of the
three cars (C010, C020 and C030 in Fig. 11B) are
respectively drawn by a solid line (CO1l1N) for the firs
car (C010), a chain line (C021N) for the second car

25 (C020) and a broken line (C031N) for the third car
(C030). The trajectories of the target routes are

characterized in that they are drawn so as to guide the

cars into the temporally equal interval condition as



for the first car. The predicted route (COL1l in Fig. 11A) of the first car
is adjusted by the subsequent 10 process so as to go through this point
(COLA). Likewise, the predicted route (C021 in Fig. 11A) of the second car
and the predicted route (CO31 in Fig. 11A) of the third car are
respectively adjusted by the subsequ%%t_process so as to go through the
poi nt CO2A 15 and point CO3A. This prdcess is executed by the adjusted

route prepargid,gn d?r(lx: ?Lgiég 108ps1 n g%gcéégi%l}l]g[ ggj@g%n@e\fyhtearagﬁtusrt gs by

adjusting the pre routes on t stment anounts. IS

results in idefRoloies: showpabn £h0r: 418116l 0rnllBashaws e 20 gpew target

routes prepared based on the predicted "routes shown 1n Fig. 11A The target

routes of tkghet{Hfg%cgg§s(gpéoinCQZQeﬁ€ﬁ§§?§9 bRuE19inttBkaare

respectively drawn by a solid Iine (COL of the firs car (C010), a chain

line (CO21N)cdgdi ¢ gy Seconde gara 25a (0020) canflaaubiaken hi-aa (EOFLY, for the

third car (C030). The trajectories of the target routes are characterized

in that they Be SHPIWL SR @SodOwdeh dens hgxisansoboy o rtheckerprardl |y equal
interval condition as - 28 shown in Fig. 11B. Specifically, beyond the

adj ust ment  dref g5 eneen @xt Smé A4Q) the FigusihBntt herbakaet tauweesxafls the
three cars are in a tenporally equal interval <condition. In the area

(titled Adjustomnt, Artea tirafégtobiddByf sendwrebpdcheteeearisharaxi s (CO60)
representing the present tinme and the adjustnent reference tine axis

drawn so as to guide the cars into the temporally equal
interval condition. Based on the predicted routes

10 shown in Fig. 11A, it is possible to prepare these
routes (target routes shown in Fig. 11B) by adjusting
the respective routes so as to go through the points
(CO1A, 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
axis 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



(C040), the trajectories of the respective cars are drawn so as to guide
the cars into the tenporally equal interval condition. Based on the
predicted routes 10 shown in Fig. 11A it is possible to prepare these
routes (target routes shown in Fig. 11B) by adjusting the respective routes
so as to go through the points (CO1A, 2A and CO3A in Figs. 11A and 11B)
obt ai ned by the adjustnent annunts Th s preparation nmethod will 15 be

d i bed in,l f h f ol | ow h
basi ¢ conceptobF AEt drger Pl g?élpaﬁaaaa%don 15 o Stk Tefer e o
Figs. 12 and E%g FFlgsll%Z %%% %&H epresent fhe gﬁganéwééﬁéﬁlyzoaof how to

prepare targe Fout unlque present 1 hvention

description 5 cs%@‘a 0 o aéusshomg éﬁ%s;egietdﬂgr 4 pLgyi ded to

descri be the concept of t ustnent ar preparation

method. 1n thenar ?BB QPG ujs?cmefn;tetzﬁee él%i&eonctl% aa&lss rFrszffe”tﬁ the time

while the vertlca axi s re resent position o a gl ven oor in the
_bU| | di ng. 5Thghg(ﬂ§lp | %lgl vq@ed ttPM %ereaadh@tmféf‘éﬁ 351% érllge axi s (D04)
into two areas. O t em” the - left area 1s t ust nent area. As

briefly desccihed webh Eh%t %%B, %h%f%%'ﬁﬂﬂnﬁﬂaﬁgfﬁidﬁ-@éﬂgmﬂfﬁéﬁh bet ween
the time axis (DO03) representlng the present tinme and the adjustnent

{re; ﬁg Iegﬁte ti pBma%ra1004huaAs iptehewn istdid. The tNiss &8t sapised as a
(DO2) beyond the adjustment reference time axis 1is a
steady state area, that is, an area where the cars are

10 to settle in the ideal temporally equal interval state.
Thus, a transient state is generated in the adjustment
area so as to guide the cars into the ideal state in
the steady state area (D02). Fig. 13 depicts the
concept of using the adjustment area to control the

15 target routes. This figure shows the processes that
prepare target routes by using the adjustment area. As
already described briefly with Fig. 2, target routes
are prepared by four processes: 1) drawing the current
predicted routes (ST701 in Fig. 13), 2) calculating the

20 current temporal phase values of the respective cars on
the adjustment reference time axis (ST702), 3) based on
the current temporal phase values, calculating
adjustment amounts to make the respective cars come at
temporally equal intervals (ST703) and 4) obtaining

25 target routes by adjusting the predicted route grids in
the adjustment area according to the adjustment amounts

(ST704). Thus, target routes, key to the present

invention, are prepared by the four basic processes



state area, that is, an area for transition to an ideal tenporally equal
interval state. The subsequent area (DO02) beyond the adjustnent reference
time axis is a steady state area, that is, an area where the cars are 10 to
settle in the ideal tenporally equal interval state. Thus, a transient

state is generated in the adjustnent_ ea so as to guide the cars into the
ideal state in the steady state area 2). Fig. 13 depicts the concept of
usi ng the adéH Hegﬁ grea tg 38@5 he01§ anget. r ThIS figure shows
t he processes fiat pregare tar e ro tes by using he a&’ustnent area. As
al ready desc e target routes are prepared by four
processes: ?égggt?%% %%ghgﬁég predrcted routes (ST701 in Fig. 13), 2)

calculating the 20 Curfﬁ@td&@&P?FEEnggég)%%%%Pﬁégé1d¥3€§$e Cu|ve cars on

t he adjustnent reference tine ax sed on rrent

tenporal phasgnyahugss eshedkath gthadrﬁ)t%%%@tt lc‘ﬁt%atr&sfa

respective cars cone at tenporally equal "intervals (ST7 4) ‘obt ai ni ng

25 target5rQQE§§rb?e§Q£H§tb?grhhﬁoﬁéeﬂhet%ﬁerQ%%%cg%l dﬂ&tlkh? adj ust nent
area according to the adjustnent anounts ST704 hus, target routes, key

to the presegbncépvenhdoprode8spsepared by the four basrc processes - 30
shown in Fig. 13 according to the basic concept described with Fig. 12. The

description has been nadgephilbg Basteip€@BROANLSRORFENIWNG dritRt
preparation of target routes,

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

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

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

20 routes. These initial routes correspond to the pre-
adjustment target route profiles shown in Fig. 11A. 1In
the adjustment reference time axis setting part
(103B2), 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



5 their general

operations and the basic preparation concept and processes.

A detailed description is made of how target routes are prepared with
2, 11, 14 and 15. At first, a description will be nade

reference to Figs.

of the 10 i nternal

2) conprises an

conponents of the target route preparation section shown
in Fig. 2. The current tenporal phase value calculating block (103B in Fig.

initial route prepardtion part (103B1), an adjust nent
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For example, the predicted route (C011l in Fig. 11A)

of the first car in Fig. 11A corresponds to this route.

As shown, the predicted route (C011 in Fig. 11A) of the

first car in Fig. 11A is given by a periodic function.

The graph of Fig. 15 shows one period of this predicted

route given by a periodic function. Starting at the

lowest floor, this one-period has a car-ascending

segment

(GOl in Fig. 15) and a car-descending segment

(GO2 in Fig. 15), making one round in the building.

Here, the phase is considered as the floor position.

Accordingly, when the car is at the lowest floor, the

phase is considered 0 or 2n (rad). Likewise, when the

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

descending). When the phase is nm (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 Trn. In addition, y max is



position of a given floor in the building. The graph 5 shown in Fig. 15
indicates a predicted route of an elevator car on the assunption that this
predicted route is given by a periodic function with a period of T. For
exanple, the predicted route (CAl in Fig. 11A) of the first car in Fig.
11A corresponds to this route. 10 As ghown, the predicted route (CO11l in
Fig. 11A) of the first car in Fig. 11A is given by a periodic function.

The graph ofuddd).tdmedwwwsheonsopetiod of theshpgréset EdookQut @ngisten by a
periodic function. Starting at the |owest floor, this one-period has a

car - ascendi nhelde segemmid (&hdiniéng, 1be aadparedrpteseerdilng segnent (02
in Fig. 15), nmaking one round in the building. Here, the phase is

consi dered a9 thecd |<0CF) poSidigiven Accdntdi afl §, pwhéncthd canties iat t he

| owest floor, the phase is considered O or 2n (rad). Likew se, when the 20
car is at thefirgkesty ftloerfolhewphasequathnofirad). In addition, simlar 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). Wen the phase is n
(at tinme 5Tntm i Gt/ Baxlsince tdwr podeendinef @ he phaseTthangeslirom
positive to negative, this point of tinme is naned the turnaround tenpora
phase Tn. In addition, y -max is - 32 wused to nean the position of the

hi ghest floor. Under these assuned conditions, the tenporal phase value tp
tp = —{(T - Tm)/y max} x y + T

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

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

10 example, the temporal phase value tp of a predicted
route point (GO3 in Fig. 15) whose position is y can be
calculated according to equation (1) (Tn/y_max) X Y.
Temporal phase value tp 1is characterized in that the
amount of phase of any route point can be evaluated

15 wuniquely 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



(0O <tp <T) of agiven point of a predicted route is defined by the
followng equation. 5 tp = (Tn/y max) x y (car ascending: 0 <tp < T) ..
(1)) tp=-{(T- Tn) /y max} x y + T (car descending: Tit <tp <T) .. (2)
Where, the amount y is represented by the floor axis and neans the car's
predi cted floor position. For 10 exanple, the tenporal phase value tp of a
predicted route point (&3 in Fig. 71 whose position is y can be

5)3

cal cul ated according to equation (1) (T(err)/y max) x y. . Tenporal phase
value tp is %4&H%&Wéﬁ?zﬁﬂg?ﬁe?ﬁ%téf%% a%ﬁﬁuﬂfgoFaﬁﬁH§€¥Sﬂ &y Usddit% poi nt
can be eval uated 15 unjquely, since_dinmensignal c ersion is nmade from
phase to ti meIueitn By)u%¥n&§lenpg?%F'pﬁé§e39§lEgé, prwi SYodsible to
easily evaluate the degree of te ral qual%@g o% i nterval s %gong t he
predicted rothEet of Pthe +RsPECRTVecar§° 58CRELHATPNYEELELGN3 N9 t he

adj ust nent s-based indjvidual .car’'s t or al ghase val ue

al

¢ . .
calculating‘%gpnggggﬁégnE%g%L%aE 2P CEEfpEPat "okl 8 sggﬁéec th ati ng
bl ock (1g§5d%$%glp A ZQhet geéegpgéaéogpgﬁﬁgpgeg?gtEgg?oggh§ at. which the 25

predicte ( of "the respective cars-i _ a&fustnpnt
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only one car, (20d-€85) rb&e &1 £560r UPat B4t PLStALIYACL1LR route
preparation part (103Bl1 in Fig. 2). The adjustment
reference time axis (C040) in Fig. 14A is set in the
10 adjustment reference time axis setting part (103B2 in
Fig. 2). The temporal phase value tp of the predicted
route of the second car on this adjustment reference
time axis (C040 in Fig. 14A), or the temporal phase
value tp of a point (C060 in Fig. 14A) where the
15 predicted route of the second car intersects the
adjustment reference time axis is calculated by the
adjustment reference time axis-based individual car's
temporal phase value calculating part (103B3 in Fig.
2). In the case of the intersecting point C060 in Fig.
20 14A, since the car is ascending (between 0 (rad) and II
(rad) in phase), the temporal phase value tp can be
calculated from the car's predicted position y
according to equation (1l). Here, the period T can be
obtained from the following data: the number of stories
25 of the building, width per story, car's rated speed and
current traffic-dependent average‘stop frequency and

stoppage time. Likewise, the turnaround temporal phase

Trn can also be obtained from the above-mentioned data.



5 Fig. 14A, the predicted route (C021 in Fig. 14A) is shown as a
pre-adjustnent target route profile. This predicted route is prepared in
the initial route preparation part (103B1 in Fig. 2). The adjustnent
reference time axis (0040) in Fig. 14Ais set in the 10 adjustnment reference
time axis setting part (103B2 in F|“‘g.342)‘. The tenporal phase value tp of

t he predict rout.e f)e second car on this adjustnent reger ence tine
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floor's positiony -max is a fixed v dependent on t | di ng. _
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cars
(103B4 in Fig. 2). Hereinafter, this order is denoted
10 as increasing phase order. As described with Fig. 15,
the temporal phase value tp of each car is defined
during one period of the waveform. 1In Fig. 15, the
more the waveform is advanced, the larger its temporal
phase value becomes. On the other hand, adjustment is
15 made so that 0 < tp(k) < T is met by tp. For example,
consider the pre-adjustment target route profiles (or
predicted routes) of three cars in Fig. 11A. According
to the points at which the predicted routes (C011, C021
and C031 in Fig. 11A of the respective cars intersect
20 the adjustment reference axis (C040 in Fig. 11A), the
third car has the smallest temporal phase value,
followed by the second car and then the first car in
increasing phase order. This order is determined in
the temporal phase value sorting part (103B4 in Fig. 2)
25 by using a sorting algorithm (for example, selection
sort, bubble sort or the like). Based on the

calculated temporal phase values of the respective cars

and their increasing phase order, the adjustment amount



are cal cul ated by the adjustnment reference tine axis 5 based individual
car's tenporal phase value calculating part (103B3 in fig. 2), these
tenporal phase values of the respective cars are sorted into the increasing
order of phase by the tenporal phase value sorting part (103B4 in Fig. 2).
Hereinafter, this order is denoted‘l_O3 s increasing phase order. As
described with Fig. 15, the tenporal “phase value tp of each car is defined

durt g one BErL S 1, e vevelpUenc Doy 15, Lhsc,Tate ! Bpuauglorm [

advanced, the Targer i ase ot her hand,

adj ust ment i, 15, made SQ,4hab e O ScA PEK) S Tel SmbBL ebY hBo EQT pRxamp! €,
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consider the pre-adjustnent target route pro redi cted réutes) of

three cars idbrgdhed Whi docrdh g gﬁﬁaggevgﬂtlﬁtaieﬁ whi-chothgcpredicted

routes (CO11, 21 an 17n kg 11A 0 e respective cars intersect 20
the adlUStm%Hldéﬁfﬁf”E§h§¥'§n£éPéQ%é”agagcaiéﬁﬁatégethéﬁkrd car has the

smal | est tenporal phase value, followe y the second car and then the

first carsing AMofaasd g PS4 d8Emedi SmOLMEr £ drberBhpedan the
t emporal phase value sorting part (103B4 in Fig. 2) 25 by using a sorting

al gorithm (fgaexample seleed i @fr. Sofhe BHHDEecsREEpOr ikheol i ke). Based on
the <calculated tenporal phase values of the respective cars and their

i ncreasi ng phas&fwdershd hea adi sis¢aBnineePyal (igSteembcykatbngokhaock (103C
of Fig. 2) calculates the car- to-car interval of each car in ternms of
tenporal phasfise) of each car from the predicted routes, compare
it with a reference value for equal intervals and
10 calculate their difference as the amount for
adjustment. Taking the case of Fig. 11A, the following
describes how the individual car'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 (CO01l1,
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



conpares this tenporal phase value with a reference value for equal
intervals and calculates their 5 difference as the adjustnent anmount for the
tenporal phase value of the car. The basic concept is to calculate the
car-to-car interval (in terns of tenporal phase) of each car fromthe
predicted routes, conpare it with a ;ﬁ%erence val ue for equal intervals and
10 calculate their difference as the' unt for adjustnent. Taking t he case

of P19, L1A chbealpbl oyigg cdeseribes how biiecl ndhyl dualcear . Lerporal

phase val ue “adjustne anoun cula i'ng "bl'ock oper at es.

In Fig. 11A“téscgfsfﬁfg§?af§rééﬁrbetQ@a&ﬂb%gdléugﬂ%l%%%% ﬁbfﬁﬁy éfllomed by

the second car and t irst car Inincreasin ase order “according to the

temporal phagsge valies,of thesorogiLed ronbes GOOML +<CHRLANG A3 10 Fig.

11A) of the respect S on e adj ust nent erence tinme axis (C040 in

9, (L1 2000061 perhod oho eashoprednf ediaULE es oglaventy T (common

to the three cars the tenporal phase val ue of the k-th car is:

tp(3) = 05099149% thecibirdenear, 5191(13)3 oné- gaélilber ikhe segand Gtand tp(1)
0.77T Tfor the first car. The respective car-fo-car intervals 25 are

cal cul at ed | Bt DES La8E NIn PERSE]L OF etunThBe! eg%t inl 8 tRmpbrallR( 3) = 0.08T
for the second-to-third car interval, tp(l) - p( 2) = 0.6T for the

first-to- thlé@luayaint@i:%ya&o@@ﬂtwﬁ?&s giped) by T/R Q£3RT chets the -
third-to-first car interval. Thus, the respective car-

collectively controlled. 1In the case of Fig. 11A, the
target interval is T/3 = 0.33T since three cars are

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

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

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

25 wusing the following algorithm. For example, assume
that three cars, car A, car B and car C in increasing

phase order, are collectively controlled (for

generalization, here, each car is given an alphabetic



to-car intervals can be evaluated quantitatively using the tenporal phase
values. That is, it is found from the result that the second and third cars
are very 5 close to each other. Since one period is T, the target

car-to-car interval to run the cars in a tenporally equal interva

condition is given by T/Nif N cars-aB& -collectively controlled. In the
case of Fig. 11A the target interval is T/3 = 0.33T since three cars are
10 col | ecti veme)contThgieerahel di f fefkhce bef{Bkes thi(§) Kafges interval and
the current car-to-car interval should be elimnated by adjustnent. For

i nstance, tmet sedfiktolethitel derciatehyatenpousd bbaser fédee@fby + 0. 25T
(= 0.33T - 0.08T), the first-to-second car 15 interval should be corrected
by -0.27T (FiyeszTar @B HLP ad {henedns dccab-ki r st Fesir cpRPefddrtohoul d be
corrected by +0.01T (= 0.33T - 0.32T)._In this context, the ositive sign
neans to i nérdasid iHe d htted RECIRNE I heto clipe eﬁ@rgﬁtewaﬁrm&a?d 3t he
target) whereas the 20 negative sign neans to decrease the interval (narrow
the curreht 3t A3 AR 1 He'? af et 971 AR ¥R ORReBBSEoPReBELON val ues
for adjusting the intervals, correction values for the tenporal phase

val ues of the respective cars are calculated. This is possible by 25 using

and car C i n i ROl g AERED o Lt T o chie AT] Va1 7 dont rof 1 ) (or

generalization, here, each car is given an al phabetic - 37

(tp(C) + Atp(C)) - (tp(B) + Atp(B)) = T/3 ... (4)
(tp(A) + Atp(A)) - (tp(C) + Atp(C)) + T = T/3 ... (5)

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.



nane). Therefore,

0 <tp(A) <tp(B) <tp(C) <Tis net. Here, let us denote

the tenporal phase tinme of a given car by Atp(k) (k neans car k). For each
car interval to beconme equal to the target interval T/3 5 after

car-to-

adjustnent, the follow ng equations nust be met. (tp(B) + Atp(B)) -

C R B Thd i 43} RO S APCOT L (IR EAR(B)) e s
- = e n equati on ,
¥ D Lo bt 1068 SPuEtS) bl den by tPsDE) e ARDIESY dhere | b

adj ust ed t enpor : _ / _
tenporal phase value is given by tp(B). Accordlngbi, equation (3)
I

current

indicates that the difference between the HP&??eH ééﬁﬁ

(tp(A)
(4)
t he

*phase val ue of

car B and the adjusted tenporal phase value of car A, or. the_interval

15 them nust be T/3. Since the aboVvEPthred éﬁ@é?ﬂdﬁ§3are not

i ndependent of each other, only these three equations can not be solved for
Atp(A), Atp(B) and Atp(C). Therefore, another condition i s-added) This
condition is that the center of gravity of the 20 distributed cars nust not

bet ween

change after they are

t enpor al

adj usted. This condition is expressed in ternms of the

hase val ue each car_b he.fqol low n equation, - 38 (tp (A +
o e s oG By O i RSB Rhedsy (ot d

Atp(A)) + Atp(B) + Atp(C) = 0 e (7))

Solving equations (3), (4), (5) and (7) for Atp(Ad),

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

Atp(A) = (=2/3)tp(A) + (1/3)tp(B) +
10 (1/3)tp(C) + (-1/3)T ... (8)
Atp(B) = (1/3)tp(A) + (-2/3)tp(B) +
(1/3)tp(C) .o (9)
Atp(C) = (1/3)tp(A) + (1/3)tp(B) +
(=2/3)tp(C) + (1/3)T ... (10)
15 In summary, when the temporal phase values

tp(A), tp(B) and tp(C) of three cars A, B and C meet
the 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

20 respective cars in a temporally equal interval state

without changing the center of gravity of the



5 Equation (6) can be sinplified to equation (7) below. Atp(A)) + Atp(B) +
Atp(C =0 ... (7) Solving equations (3), (4), (5 and (7) for Atp(A,
Atp(B) and Atp(C) results in the follow ng equations. Atp(A = (-2/3)tp(A
+ (1/3)tp(B) + 10 (1/3)tp(C) + (-1/3)T ... (8 Atp(B) = (1/3)tp(A +
(-2/3)tp(B) + (1/3)tp(O ... (9 At_p(@ (1/3)tp(A + (1/3)tp(B) +
(-2/3)tp(C + (1/3)T ... (10) 15 In sumary, when the tenporal phase val ues

tp(A), tp(B)g d@&@&k%&@&@é@ﬁ BagndeCoffRglinethe relation 0 < tp(A)
<tp(B) <tp(C < T, correction values Atp(A), Atp(B n) and Atp(C) to adjust

the tenporal re%@é@u‘/@iy%c@&r&bﬁgr@épéﬁhh‘éﬁoﬁér%8§0 a9)t qrputthe 20
respective cars in a tenporally egual interval state vmthout changl ng the

center of grayityeotat@ecr 8Py, di sAr{RELEdthESRRGLHYE seRlchLahde obtained
respectively according to equations (8), (9) and (16) In the case of Fig.

11A where thei & ré’ar§e§@ﬁﬂe§ﬂ9@ndfté§§>e§@i$e§?r Eeseard mespeGiidvely to cars
A, BandC 5 tp(A = tp(3) 0. 09T, tp(B) p(2) = 0.17T andtp(C) =

tp(1) 0577tTp (Arcordbng) y= @sodhe eprBpcti ep (val wey . 1far ddie tieEnecti ve
cars, Atp(A) (err)tp(3) = -0.081T, Atp(B) At p(2) 0.177T and Atp(C =

-0.096T are —O&@@lned acthdingcé@r@ﬁuglypnas(Bhe 68kr@@d1®b0halﬁ@% 10
verification, the adjusted tenporal phase val ues of the

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

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

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

20 obtained in the individual car's temporal phase wvalue
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 (103Dl in Fig. 2). Grids are shown in

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



respective cars are calculated. The result is tp(A + Atp(A = tp(3) +
010T, tp(B) + Atp(B) _ tp(2) + Atp(2) = 0.343T and tp(C +
Atp(C =1tp(l) + Atp(l) = 0.677T. Al car-to-car intervals are 15 therefore
0. 33T, neeting the interval-equalizing requirenent. Referring back

Atp(3) = 0.

2, the following provides a detailedge

preparation

using the C%H@%f@ﬂa&%ﬂ;é‘@ﬁeﬁg ebtgknedoiifet P@o&@((éis%io%ah@;%ra Heenpor al

phase val ue

to Fig.

scription of how the adjusted route

bl ock (103D of Fig. 2) operates to prepare adjusted routes by

adjust nent anount cal culating block (103C in"Fig. 2).

At first

in the adj usgesiiote€ PsepPal abEonhbl gekondcenkealbas .vahugs itp jadj ust the
grids of the pre- adjustnent target routes (corresponding to the 25

predicted raadesle®fashg tespeebiiMe paistane gakeukat ed cbyddie i ndividual

car's route

grid adjustnment amount calculating part (103D1 in Fig.

Gids are shownhim ti dadidédemdatfacehitate pnger suandichgeeri g. 14A
40 the pre-adjustnent target route (corresponding to the predicted route)
of the sefonthtmdrahmiiepotngsi dOR3, debBnefddasoa4t vEnaheupdepoi nt of a route
within the adjustnent area. In Fig. 14A, three 5 turnaround

poi nts C022,adiD28tred COR4get tbeter ¢c0ad) ustraepgtritar deestadtoredCAL) are

of concern

grids (restricted to

2).
shows -

these three turnaround points within the adjustnent

area). The tEmme athphaseuohatbendopbenbs wodhbénntbanadjesadienmst ed by
changi ng the horizontal positions of

10

15

20

25

area). The temporal phase of the route of concern can
be adjusted by changing the horizontal positions of
these grids. The grid adjustment values are determined
one by one for the grids in temporal order starting
from the grid nearest to the present time. The grid
adjustment values must amount in total to the
adjustment value determined for the car. Each grid is
given the largest adjustment value which does not
exceed a limiter value set to the grid by the grid
limiter value setting part (103D2 in Fig. 2). Taking
the case of Fig. 14A, the following describes this
method. Agtp (k =2, 1 =1, 2, 3) is used to denote a
adjustment value to be given to a grid. Here, k means
the number of the car (k = 2 for the second car)
whereas 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, 1 =1,
2, 3) 1s used to denote the limiter wvalue 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, is



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

the fol | ow ng ahides 14 gt hod, Agtp {(k = i (g L 22, ;3L bbs used to
denote a 20 adj ustnment va uegt%P%e g%%en to g’g%@&? ébre, K ﬁéans% t he

nunber of thgfagdk f2=for {he spcpnd-gagd n¥bergasey FBaNs the nunber of
the grid. The grids, in tenporal order fromthe present time forward, are
gi ven increasidurtupder Saiddl ageli 4don, kAPt BxbkpTe?, ik Thd 12RiZer3) is
used to denote the limter value set as the maxinum adjustnent val ue

al l owed for ¢ idk ﬂﬁéerégﬁaﬁﬁfwep@ﬁﬁ@saQtQSngﬂp(ka%ug,fQr=th9 second
car, tp(2) + (err)tp(2) = 0.343T as cal cul ated above, is - 41 distributed
as Agtp(ke ==2,0i27 DAgARtP £k~ 2,=i2F 2)0.2ndafier LAgtp (kk==22, ii == 3)

whi ch do not exceed the respective limter values. For exanple, if the
limter valljes=s af. 1The tlespetiustangit dsa i€ £Agt phé& £i2sti g¥idl) 5 = 0. 2T,

LAgtp(k = 2, i =2) =0.2T and LAgtp(k =2, i = 3) = 0.1T, the adjustnent
val ue for thetfp (kst=ar, di =Agtp(ks s&; to=012T (+SLAgtpt(@ 6. 2T(F EAgtp(k = 2,
i = 1); limter value) at first. The remaining required

1); limiter value) at first. The remaining required
temporal phase adjustment is 0.343T - 0.2T = 0.143T.

10 Then, the adjustment value for the second grid, Agtp(k
=2, 1 =2), 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

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

20 example, if the car 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) ... (11)



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

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

2, the 15 adjusted grid position calcybating part (103D3 in Fig. 2)
cal cul ates the adjusted positions (gp_N(k, i) of the respective grids from
t he adj ustnent values (Agtp(k, 1)) for the respective grids and the
pre-adjustnment positions (gp(k, i)) of the respective grids. For 20
exanple, if the car isgphe(segond=gar=(§s2k=andithere are three grids (i=1,
2, 3), the respective grids are |ocated as given by the follow ng

equations. gp N(k=2, i=1) = gp(k=2, i=1)gtplRtp(ks21)i=+1) ... (11) - 42
gp_N(k=2, i=2) = gp(k=2, i=2) + Agtp(k=2, i=1) + Agtp(k=2, i=2) ... (12)

gp N(k=2, i=3) = gp(k=2, 1=3) + Lgtp(k=Bgtpth¥2+ ig@typ(k=2,..i.=212% ngt p(k=2,
i=3) ... (13) Since an adjustnent value for a gridis effective to the

subsequent grids, the position of the last grid is adjusted by the total
tenporal phase adjustnment value required for the car. By connecting
gp_N(k=2, i=3) = gp(k=2, i=3) +
Agtp (k=2, i=1) +
Agtp (k=2, 1i=2) +

Agtp (k=2, 1=3) ... (13)

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

5 the thus adjusted grid positions, it is possible to
prepare a new target route. The target route data
calculating part (103D4 in Fig. 2) updates the target
route data by calculating new target data. 1In Fig.
14B, a route drawn by a thick line is the adjusted

10 target route prepared based on the pre-adjustment
target route (corresponding to a predicted route) shown
in Fig. 14A. 1In Fig. 14A, the pre-adjustment target
route is drawn by a thin chain line (C021) whereas the
adjusted target route is drawn by a thick chain line

15 (CO21N). 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



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

chain line (&21Inhihes@asespect adbust ed tangrt anhauteiss.drayn by a thick
chain line 15 (C021N). An adjusted grid position is calculated in the

adj usted gricbmposttimg chadsal ehireg pattis( 108D3si poskidle2o Axad result of
adjustnent, the grid €022 is shifted to CO22N. Li kew se, the grids C023 and
Q024 - 43 atee sthifdledchiesperingekyute (OR3MNANdsCA24Nw1By upcenrert i ng t hese
three grids, it is possible to draw the thick chain Iine route (CO21N) as a
new y updat echrdetr geduteout eAs Asppppanentrdémofifi.gl4B4Btheheemdwl y 5 updat ed
target route (adjusted target route) goes through the post-adjustnent
target poh ntusdHtedcordgely rootéhéatgnpoed! tphgse adpust) mgoesval ue. As shown
in Fig. 11B, since the routes of the respective cars are adjusted so as to
go through tteiougosthadpost nedjuddmeatgeargetnpsias descrickbedddbgve, the
resultant target routes (COL1N, CO21N and CO31N) are in tenporally equal

i nterval stdte Wie etemperalj pasensdjestnentevelpe . -axhs shooa0 ion Fig. 11B).

As a matter of course, the
Fig. 11B, since the routes of the respective cars are

adjusted so as to go through their post-adjustment

10 target points as described above, the resultant target
routes (CO11N, CO21IN and CO31N) are in temporally equal
interval state after the adjustment reference time axis
(C040 in Fig. 11B). As a matter of course, the
respective routes (CO11N, CO21N, CO31N) go through

15 their post-adjustment target points (C01lA, CO02A 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

20 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

25 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



respective routes (COL1IN, CO21N, CO31N) go through

15 their post-adjustnent

target points (CO1lA, CO02A and CO3A in Fig. 11B). It is also apparent that
t he target
transi ent

routes adjusted by the grids in the adjustnment area play a
role to guide the cars into a tenporally equal interval condition
beyond the 20 adjustnent reference tinmg axis. The foregoing has

provi ded a

detail ed description of the target route preparation process based on Fig.
2. Wth referpmss) tohthegf |l owchart ; of 15hgetatgat tof Bt RRERRS ati on process

in Fig. 20,
preparation y

the follow ng 25 describes the flows of the target route

pHDeesss thefiéstlti bfi shkudpadtwhglidgmehite caindelol routes are
to be updated (ST201). This step is executed by the target route update
j udgnment bl oekits ddhe (d63A9ssn FIg. i2. ikf detidsddeei ged fibempefdderus, no

update as the result of the update judgnent, control exits the process.

| f

it is deci desbritorgerdessn updatie, sulssainehtgeespt. o The sphiseguent step. The
update 5 judgnent nethod will be described later in detail with reference

to Fig. 28. jddgmernts mechaddvi bl updatiesthébetialgetrr dnt eletad 1Icar thunber
is executed to apply | oop processing to each car. In the | oop

(ST202)

| oop

processi ng, melaremre tenpoyal 2phasefvatuescdecabati ng LPdstep tihe execut ed
This step is executed by the current tenporal phase val ue

(ST203).

cal cul ati ng tdopkt (198BS, descar bednear| Leppwi(BH2PR2g. 12. eWkemtadc tor ent

t enpor al

10
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20

25

apply loop processing to each car. 1In the loop
processing, a current temporal phase value calculating
step is executed (ST203). This step is executed by the
current temporal phase value calculating block (103B)
described earlier with Fig. 2. When a current temporal
phase value of the last car is calculated, control
exits the car number loop (ST204). Then, a temporal
phase adjustment value is calculated for each car
(ST205). This is executed by the individual car's
temporal phase value adjustment amount calculating
block (103C) in Fig. 2. This processing is already
described in detail. Based on the temporal phase
adjustment values calculated for the respective cars,
an adjusted route preparation step is performed for
each car (ST207) by executing the car loop again
(ST206) . This adjusted route preparation step is
executed by the adjusted route preparation block (103D)
in Fig. 2. This processing is already described in
detail as well. When the above-mentioned processing is
performed for all cars, control exits the car number

loop (ST208) to terminate the target route preparation



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

| oop (ST204). Then, a tenporal 15 phase adjustnent value is calculated for
each car (ST205). This is executed by the individual car's tenporal phase
val ue adjustnent anount calculating block (103C) in Fig. 2. This processing
is already described in detail. Basedypn the tenporal phase 20 adj ustnent
.values calculated for the respective cars, an adjusted route preparation
step is perfgrpedsgor each car (ST207) by executing the car |oop again
(ST206). This adjusted route preparation step is executed by the adjusted

route preparation bl ockithO3BFe2bntd Ebgth2. fibwehRracessimgy i 94| ready
described in detail as well. Wen the above-nentioned processing is

perforned fothal Fotassingopkobelidexi asdeheicad aemsheripdieap (ST2IB) to
termnate the target route preparation - 45 - process. Wth reference to the
fl owchart oft&trget24pouttheptiakkowudgmpnavpdesessdet didreptldesaragidton of the
target route update judgnent process. Largely, target 5 routes may be
updat ed by thoeeesenhpdbe tpdpeedodiycahlge mpdabidsg tlhe dearigeti aadutyes at
certain intervals; 2) detecting the distance between the target route and
predi cted roup@avbingathectar@gher ebpnatbernt cealrtednt Heteamtadrsir @t e di st ance)
and, if the inter-route distance 10 exceeds a certain value, updating the
target routedeteantng)thecdibtanteohetdivenpt hbes targartd rHutedfanchem
predicted route of each car (hereinafter, called the
inter-route distance) and, if the inter-route distance
10 exceeds a certain value, updating the target routes;
and 3) a combination of methods 1) and 2). Of them,
Fig. 24 corresponds to method 3). Either method 1) or
method 2) may be executed by partly using method 3).
At first, a watch or timer is examined to check if the
15 predetermined update period has passed (ST601 in Fig.
20). 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
20 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. If the update period has not passed, loop
processing is done through a car number loop (ST602 in
25 Fig. 24) to calculate the distance (inter-route
distance) between the target route and predicted route

of each car and judges whether this distance is not

smaller than a predefined threshold (ST603). The



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

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

(103A in Fi didan® e PF0E656ENEisvVhheR) | BedRBEn( RYet RargE202 and
subsequent steps in Fig. 20) if the result of the update judgnent (ST201)

is YES. If thsutpdadi® fies i ©dehdstsat rpasseds hAOPndPKOELSSindd dagedone
t hrough a car nunber loop (ST602 in 25 Fig. 24) to calculate the distance

(i nter-rout enowitsHiance)gdet neetet he dasgehtr oubR ahd prediicted route of
each car and judges whether this distance is not snaller than a predefined
threshold (Sk603). Tieis wbll dbst@aaser{batelatout enddetandewilét ween t he
target route and the predicted route is an index to indicate howthe
target rduteefsexbrsdanto friomst he8phreddcied. rodut ehofhi,sawi || be descri bed
|ater in detail with 5 reference to Figs. 18A and 18B. In short, a
pr edet er m negredetesimolbd sthisesho bd | uslgesafiet bejutibe wharkbetr thete is so
deviated fromthe predicted route as to require correction. If the
i nter-route Wixyeihceowfe anysondechateéd begonthehprehieskdl do(8E6@3), the
target 10 route update processing is Eerforned (ST606). The
to require correction. If the inter-route distance of
any one car is beyond the threshold (ST603), the target
10 route update processing is performed (ST606). The
inter-route distance of each car is chécked (ST606) .
If the inter-route distance of any car is smaller than
the threshold, the current target routes are used
without updating them (ST605). Two different policies
15 may be adopted in updating the target routes. One is
to keep the target routes always appropriate by
correcting them as necessary ('flexible target
routes'). The other is not to change the target routes
as long as possible once determined ('rigid target
20 routes'). Since either has both merits and demerits,
it is reasonable to appropriately set the two control
parameters, namely, the update 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



inter-route distance of each car is checked (ST606).

If the inter-route

di stance of any car is smaller than the threshold, the current target

routes are used w thout updating them (ST605).

Two different policies 15

may be adopted in updating the target routes. One is to keep the target

routes always appropriate by

routes').
once deternmaed ¢onbgltetiaigebuiddngoyhesartudilnge agicddteyrias dptdnarerits
and denerits, it is reasonable to appropriately set the two control

paranmeters, canelyo the updgte peuted.and inter-route

described with Figs. 18A and 18B. The foregoi ng has provided a description

of 25 the target routkgoprepapatpanenpirbddctthe roartesofid ke sdmaitget
rout e- based el evator group supervisory control of the present invention.
The fol | ow ngepowviidels acfdespceptoofiighk.hdw 6o pBepdrle apedixt ed routes

whi ch -

47

are consulted in guiding the actual trajectories of the

correctigig £ hem as necessary ('flexible target
The other is not to change the target routes as |ong as possible

di stance threshol d

cars to

the targe? rkefesrimpwcooFpgepaPe piedityedoteutbsti preéedctdsed bel ow with
reference to Figs. 5, 6, 19, 21 and 22. 5 Referring to Fig. 19, firstly note
that predi cteduteputes prepprepaiedtiva twdfdirkhér easesaseds Asl raladeady
described, Fig. 19 is a flowhart showi ng the general control processing
flows of an @¢evaibedgrbup- shpepvasbigwebartobheydnemtine sicowmidnce with

t he

10

15

20

25

control processing flows of an elevator group
supervisory control system in accordance with the
present invention. In Fig. 19, there are two predicted
route preparation processes: Predicted Route
Preparation Step A (ST104 in Fig. 19) and Predicted
Route Preparation Step B (ST107 in Fig. 19). The
predicted route preparation step A prepares predicted
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



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

in the preparation of predicted routes. Such a predicted route is used to

judge its distancesdrioy the ptaagetedovbetangrapa2apionadjtest ment target
route or 20 the prototype (initial profile before adjustnent) of a target
route to be qggepailesd dbevet heInpredi cégedanhogbeimpredarachoflsioap B prepares
a predicted route of each car on the provisional assunption that the car is
assi gned. Suctripreditired coaltelatirguskédckolévBluatéciapesyvitdicona
assignnents, for exanple, when a new hall <call occurs. Referring to Fig. 6,
the foll ow reptfimstey tjpmeyi désaardestrapttba oéshewtpredifdbedsr byt es are -
48 prepared by the predicted route preparation step A described above. In
Fig. 6, &n estimpt ativenzhefsbop frequeantytdatacahdubabppggkl ddknel04B1
calculates the estimated tinmes of arrival at the respective floors by 5

usi ng: aver aptastdgreéndemeney daeacandest oppagéiti penddatiandependent on the
current traffic condition; data on the hall calls assigned to the
respective carstiigarall capllgenesbgeddftootke seeppctdaracemst Headdr calls

call-generated floors, etc.); data on the car calls
occurring in the respective cars (car call-generated

10 floors, etc.); car condition data (current position,
direction, speed, etc.); each car's specification data
(rated speed, etc.); available car count/name data; and
service floor data (data on the floors to be served by
the respective cars). As a simple example, assume that

15 a car of concern in a four-floor building is stopped at
the first floor and is going to ascend. For
simplification, it is assumed here that it takes 2
seconds per story for the car to move and the car waits
10 seconds per stop. In addition, it is assumed that

20 the car is assigned to a hall call generated at the
second floor and a car call demanding transport to the
fourth floor is generated (by a passenger who has
entered the car at the first floor). The current
traffic condition 1is 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



occurring in the respective cars (car call-generated 10 fl oors,

etc.); car

condition data (current position, direction, speed, etc.); each car's
specification data (rated speed, etc.); avail able car count/nane data; and

service floor data (data on the floors to be served by

t he respective

cars). As a sinple exanple, assume thaty15 a car of concern in a four-floor
building is stopped at the first floor and is going to ascend. For

sinplificatiefookt éhéwa§$umd5be%utr%t fllodrak@wh) SELOHS dgr-gtory for

the car to nove an

the car waits 10 seconds per stop. In addition,

assuned t hat £28othedeah) k S0assi, gredone F1kald (eRlwn)aenered.ed wird he
floor and a car call demanding transport to the fourth floor is generated

(by a passengﬁra*ﬁeea@asst@?t greguihe yCakadls the hivrde df loFordimeEheaHaur r ent

traffic condition is nornm

it is
second

with relatively heavy 25 inter-floor traffic.

Accordi ngly, chhesaygsage at gRvehr €quencions take bR rREPeRridivey fdmeors are

assuned to be - first floor (up): 0.25, second floor (up): 0.25, third
floor (upk: Podhd teupthnftiher b(pHing..25UnHelt it e s49 cdrlddari drdgwn) : 0. 25,
fourth floor (down): 0.25, third floor (down): 0.25, second floor (down):

0.25. Here, tha aveiageedt opméseqgiicency iFaans tt ke enwddge cafi id Masdde
stops at a given floor on the average during one 5 round trip in the

car

bui | di ng. Undee thtselevadi ti 6nsst ttheoest(upat:ed tsiengs sefcoard ifdalorat t he
respective floors are calculated - first floor (up): O sec, second floor
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(up): 2 sec, third floor (up): 14 sec, fourth floor
(up) : 18.5 sec, fifth floor (turnaround): 30.5 sec,
fourth floor (down): 35 sec, third floor (down): 39.5
sec, second floor (down): 44 sec and 0.25, first floor
(turnaround): 48.5 sec. Reversely, these estimated
times of arrival at the respective floors indicate the
predicted positions 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 floor position. Taking the above case, (t(sec),
y(floor)) points (0, 1), (2, 2), (14.3, 3), (18.5, 4),
(30.5, 5), (35, 4), (39.5, 3), (44.2, 2) and (48.5, 1)
can be plotted in a coordinate system with a horizontal
time axis (t axis) and a vertical floor position axis
(y axis). A predicted route can be prepared by
connecting these points. Although stoppage times are
omitted in this example, it is also possible to include

stoppage times in drawing the predicted route. If



(up): 2 sec, third floor (up): 14 sec, fourth floor (up): 18.5 sec, fifth
floor (turnaround): 30.5 sec, 10 fourth floor (down): 35 sec, third floor
(down): 39.5 sec, second floor (down): 44 sec and 0.25, first floor
(turnaround): 48.5 sec. Reversely, these estimated tinmes of arrival at the
respective floors indicate the predict®d positions of the car at given
future tinmes. 15 Accordin in a_coordi nate systemwhere the horizonta
axi s represeﬁF@pPﬁgetFH@e%h@Fg PHEIVQFF|P§Iad&ﬁn§'ﬁﬁﬁﬁb§ﬁﬁi§m?%% $4 oor

posi tion, edlct d route an .be prepared by connecti t he poi nts each

of which |s FoPtE 1858 r §PHGSt 65t R 68 FFQ&N&T%l%ﬁ?%ﬁaﬁéi¥val 20 at the
(520 Pt efg;%‘f'eagbgcm%b%%gga o ol PEEST e (B g 148 %0 g
i s (1 Axi SFoAREIE 3%%?8&&%@@%222?%6 2 %%F?r““ D idi ot ed
route can betﬁ%ggﬁﬁeghgyagonne %ggglgh 5% %gﬁg Alth%gq%bggquage tines

are omtPed s “exanple St oppage ti nes

In draw ng tQSﬁPﬁmEQé{it %%%%g%%r egﬁclvagoatsk%p%%% JdIBS, A8 ddiel uded by

addi ng stop end pornts icted route1sp e ared nore accurately.

Refer ring baglky 9, ELgq By 2nd" gghgﬁs@eEogh%hd%ﬁ%orcagmva;l g Ock (104B2)

pr epar es pre cted rout e data roug e above-described procedure based

on the eStiH§I891££EH§ Bﬁoékr'Y@hBQS.th?orgﬁmﬁgff?%féﬂgnﬁ%ocedure,

the estimated times of arrival at the respective

10 floors, considered as the predicted positions of the
car at future times, are plotted in a coordinate system
where the horizontal axis represents the time while the
vertical axis represents the floor position. A
predicted route is prepared by connecting the plotted

15 points. This predicted route can be regarded as a
function plotted in a coordinate system where the
horizontal axis represents the time while the wvertical
axis represents the floor position. This function can
be expressed by y = R(t, k) wherein t, y and k (1 < k <

20 N: N is the total number of cars) respectively 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.

25 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



cal cul ated by the estimted each floor arrival time calculating block
(104B1). To summarize the procedure, the estinmated tinmes of arrival at the
respective 10 fl oors, considered as the predicted positions of the car at
future tines, are plotted in a coordinate system where the horizontal axis
represents the tinme while the verticadjaxis represents the floor position.
A predicted route is prepared by connecting the plotted 15 points. This

predi cted rogheegdr ke tegardedhas predivted adbyd«y tad duc rowy di nate
system where the horizontal axis represents the tine while the verti cal

axi s represenhsetrhalll q@orpesiahipdr., Thiss sad)ctdapmaarto heaespressed by y =
R(t, k) whereint, y and k (1 <k <20 N Nis the total nunber of cars)

respectivel ysdesetetithe loade, Iifhetf lieodeedsidd ao and fdren mubesdofe t he car
Then, the follow ng describes the flows of processing done by the predicted
route preparati ahestrepuld bbd phepapeaprediveigadmqutemtwidlh aeftes ettee to Fi g.
25 21. Firstly, it is judged whether predicted routes are to be updated
(ST301). Sinpeoupdati ngft he peediectieidd routes reoemy Updet e posesral gr eat | oad
on the processor consisting of a mcroconputer or the like, this step - 51
i nt ends to updesetpbh&hpr sdibsegdiengutseésrat JuchHiengasent erhvadsgl{ faor exanpl e,
0.5 sec) as not to cause a substantial load. If it is decided to performno
update as therrasmberofloppe (§F38Le | @dgwsttimade® resictexfitat he 5 process.
If it is decided to performupdate, control
arrival time calculating step (ST303) and an estimated
arrival time-based predicted route data calculating
10 step (S304) are executed for each car. These steps are
executed respectively by the estimated each floor
arrival time calculating block (104Bl) and predicted
route data calculating block (104B2) in Fig. 6. These
steps were already described in detail. When the
15 above-mentioned processing is performed for all cars,
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



goes to the subsequent step. In this case, through a car nunber | oop
(ST302), an estinmated each floor arrival tinme calculating step (ST303) and
an estimated arrival tinme-based predicted route data cal culating 10 step
(S304) are executed for each car. These steps are executed respectively by
the estimated each floor arrival timedZatcul ating bl ock (104B1) and
predicted route data calculating block (104B2) in Fig. 6. These steps were
al ready descPFBEBHSiANgLt @aFFLIIWRERTt A6 FSiak&FEem ithife P sRrdedsiaon is
perfornmed for all cars, control exits the process (ST305). In this manner,
the predicted +bdtBECOECEPR £aM&2ar e SREFRdpFRAtely iWdpddiedaHth &G ain
intervals. Although new hall calls and car calls qccur irregularly, it is
possible to éﬁpP?gﬁFBbgFaﬁiﬁ BPEAREEEd tPobt BEYdEFe iQi}%n1%$%%@ﬁq tion by
followi ng the, flowhart of Fi . Fig. 5 shows.the conponents of the

pr edi ct ed rBhT%sp?EpﬁFﬁfVﬁﬁ gEc%#Snrﬁgpéﬁgl }ﬁ;%%ﬂrﬁ “oredicted route
preparatipn st ST107 in_Fi .19t repare 25 assi.gn t.- consi der ed
predictedgroﬁ?ggffgﬁﬁﬁcgg¥uﬁpl?gtlpﬁgegrgafgtg§OFEUF§IB%EgSE£Fan step Bis
identical to he edicted ro reparation step.A.of Fig. 6 except that
each car is %?%%P%?%h%?|%fagéigﬁgéeén§§Pﬁi§%? gf&%ﬁaiﬂnfﬁonal assignnent is

(ot ! ected i n LheRLeRar ohE8Dn 0 ot S PLEILGLAd nQuLe iRy 02l (1T the

ka-th car is provisionally assi new | ~¢al Sstimat'ed  times of
arrival at t@ﬁ E§§Pegﬁavﬁaih085§laﬁgnerated floor and direction) in

addition to the input information required for the

10 preparation of an ordinary predicted route (information
described with Fig. 6). Further, based on the result,
predicted route data is calculated (by a predicted
route data calculating block). Each predicted route
obtained in this manner by reflecting a provisional

15 assignment can be expressed as a function R (t, ka) in
a time-floor position coordinate system. For each car
(other than ka-th car) which is not 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.



5 calculated (by an estimated each floor arrival tinme calculating block
104A1) fromthe provisional assignnment information (provisionally assigned
car (ka- th car) and hall call-generated floor and direction) in addition
to the input information required for the 10 preparati on of an ordinary
predicted route (information described with Fig. 6). Further, based on the
result, predjicted route data is cal cul ated redicted route data

ef 1A aBRAL

cal cul ati ng PHoRR)Y, BN HF £t ¥ T HERBENED TAPESRELREr by
reflecting a provisional 15 assjgnpment _can Ee expressed,as a function R (t,
ka) in a ti#ih??bo LISt 1§ N %B%rhih%f%r@§ t8h “BBFSER¢AYcEr (other than
ka-th car) which is n provisioqgll ﬁssi ned, Bge.sa R €ss as t he
process. desdti BE TRRT HF 57 89T difiet S £ee f it ePEF HBESof APl at the 20
respectivenéioors are firstly.calcul a nateg}each fl oor

] db h i
Lrrival 11 mE ST T otk TSl St pieatbh TP Re THEBER: 27B edi ot ed

route data Ls RUenAed,bycd he, iodi ol ed, out g dataeal cubating bl ock

(104A4). pr e rout e obtai ned can expre séd“as a function

Rt 0 (1< el # e oFLg- 22 showe, actl puebar LyofyLhe predict ec

route preparation processing correspon e above-descri bed

Phait Lo | SASAEREHIE Senfva, 5% FESHfpolt prskgngtmae) onren
provi si onal | ysagstgnedrid | h cadr 15uRbL A1 D8Gp (BI40%cuted (ST404)

to calculate the estimated times of arrival at the

10 respective floors for each car excluding the
provisionally assigned ka-th car (ST405). Further,
based on the result, predicted route data is calculated
(ST406). This process is terminated after executed for
all cars excluding the ka-th car (ST406). Thus, it is

15 possible to prepare the predicted route of the
provisionally assigned ka-th car and the predicted
route of each k-th car not assigned provisionally (1 <
k <N, i # ka).

The foregoing has provided a description of

20 how predicted routes are prepared. The following
describes the inter-route distance, an index of
nearness between a target route and a predicted route,
and the route evaluation function which is used as an
index in determining which car to assign. In the

25 conventional method, "assignment evaluation function"
to quantitatively evaluate each assignment to a call is

defined as a function of the predicted waiting time.

The control method of the present invention is greatly



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

provi sionally assigned ka-th car (ST405). Further, based on the result,

predicted rodghgraateriseaaliautabed"acs148hkntThiva 1REGRSS fhdteldr nat ed
after executed for all cars excluding the ka-th car (ST406). Thus, it is 15

possi bl e to pseparenébeapr adifahedibaube ehet hRanpidy SionaldyrAssd gned ka-th
car and the predicted route of each k-th car not assigned provisionally (1
< k <N i #ikedncdherépregehngnbashpradirged aodesctiopibremiefted?0 how

predi cted routes are prepared. The following describes the inter-route

di stance, anroudexneérnasar hessebdt weenhha paedéttedutvaiaricaa tpmedi ct ed
route, and the route evaluation function which is used as an index in

det erm ni hg whi ch car Wbthssefarehnet he EbgeonivéAt rodall 8ipt Hdd "assi gnnent
eval uation function" to quantitatively evaluate each assignnent to a cal

is defined &slbo¥imgt fonsdlyt Hesprédiest edewantemgroute. diBt@rcmnt rol net hod
of the present invention is greatly - 54 characterized in that "assignnent
eval uati on faincindex tesregefeaedtatha neacness beftwkeng@amanget(inter-route

route and a predicted route. Route distance
calculation methods are shown in Figs. 18A and 18B. A
10 description is made of Fig. 18A at first. In the graph
of Fig. 18A where the horizontal axis represents the
time while the 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 FO011
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



di stance) representing the target route-to-predicted route nearness instead
of the predicted waiting tine. 5 Wth reference to Figs. 18A and 18B, the
following firstly describes the inter-route distance, an index to represent
t he nearness between a target route and a predicted route. Route distance
cal cul ati on nmethods are shown in Figs.ggsl8A and 18B. A 10 description is nade
of Fig. 18A at first. In the graph of Fig. 18A where the horizontal axis
represents the tine while the vertical axis represents the floor position,
a target route R*(t, Ef (where, t: time and k: car nunber of the car) is
drawn as a trajectory K@&¥Ltl5 knd & @f,edi)cted route R(t, k).is asdp
trajectory FO12. From Fig. 18A, the area sandw ched by the target route

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

cl oser to each other. PReViesat he tiwe tomtezaageed ront hheaphreatdgr, the area
is zero. Accordingly, the area sandw ched between the function R*(t, k)
representi ngtihe target¢ aditetmadtt hefetancei onmB( bxils) rdprtesenti ng the
predicted route is defined as the inter-route distance. The area can be 25
obt ai ned by timtegreai om. tMheadnuegnantoarsayibeotitneneal.ong either the tine

axis or the floor height axis. 1In Fig. 18A the integration is done along
the tinme Saxdkecomiinglnt egyhat avmai soghgenabgulassd JpRshowrk)in FRG., k)}dt
(14)

18A as vertical line-filled regions sandwiched between
the target route R*(t, k) (F01ll) and the predicted
route R(t, k) (F012). L[R*(t, k), R(t, k)] is here
used to denote the inter-route distance between the

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

k)] is given by the following equation.

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

(integration interval = adjustment area)

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

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

following equation.

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



The area in the tinme range fromthe present tinme to the adjustnent
reference tinme axis, that is, the area in the adjustnent area is obtained.
5 Accordingly, the area to be calculated is shown in Fig. 18A as vertical
line-filled regions sandw ched between the target route R*(t, k) (FO011) and
the predicted route R(t, k) (F012) - gR<(t, k), R(t, k)] is here wused 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 follow ng equation. L
[R* (t, k) , R(t, k) ] = JR (t, k) - R(t, k) }dt ... (15 (integration
interval = adjustnent 3uwea)a 15etmrgteal scahtubati 6nrbgveryi dtocormaut er or
the like, the above-described integration is realized approxinmately by
addi ng up tHeharadpustimerctawes es. Theovakranpfeeqassune d lbectcamglbe (F013)
of length At in the direction of the time axis, sandw ched between the 20
target rout ecakelldeeprarheeeongioete. bASRJddingedpt bhedenens e sacda of this
rectangle. ASis given by the follow ng equation. AS = {R*(t, k) - R(t, k)}
X At - 56 SIRHaNFRtanglels Setho@uean opeegBpyeasedvey thRe adj ust ment
area. The val ue of equation (15) can be calcul ated approxi mately by addi ng
up the ardastOflaticly e@tttakftes. This nethod can be expressed by the 5
foll ow ng equati on.
L[R*(t, k), R(t, k)] = ZAS = X{R*(t, k)
- R(t, k)} x At
(Rectangles are cut out over the adjustment area.)

(16)

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

15 route distance is given by the following equation.

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

(integration interval = all floors) e (1)

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

position axis involves complex processing, integration



LIR*(t, k), R(t, k)] = EAS = E{R*(t, k) - R(t, k)} x At (Rectangles are cut
out over the adjustnent area.) ... (16) 10 In the case of Fig. 18B,
integration is done along the floor position axis. Synbol y is used as a
vari able representing the floor position and R*(y, k) and R(y, k) to denote
the target route and the predicted route,_respectively. Accordingly, the
inter- 15 route distance is given by the follow ng equation LIR*(y, k),

Ry, k)] = JaRSLY, the tiReyaxk)} deoiiattiegy atizn dmteredl shabld fhoors)

(17) As apparent fromFig. 18B, when integration is done along the floor
position axi §se&* (M, akruGandaBey,. k) as 20 well) can take two or nore val ues
for the sanme y value. This nust be considered in actual cal cul ation.
Therefore since this intieyr atiferealcengct IFd ofd.oor arabsi3l,i atheéaxi s i nvol ves

conpl ex processing, integration - 57 along the tinme axis (equation (15) or
(16)) shoul dfbélowsed pmoadtival acdeesil\Wd hklasefraemnicn taf Rilgs.rqutasd 23, the
follow ng provides a detail ed description of the route 5 distance
i ndex- baséd doatenewvalindekebakencrioan ec @valluattiingy seotdtoior( 105 in Fig. 1)
which calculates the value of the assignnent evaluation function to
eval uat e eachaprcovatingakeassognr@t bw dsiong lintwdri-clr st lecwlisttances. Thi s
processi ng corresponds to the
the value of the assignment evaluation function to
evaluate each provisional assignment by using inter-
route distances. This processing corresponds to the
10 route evaluation function calculating step (ST108 in
Fig. 19) where for each provisionally assigned car, the
inter-route distances between the target route and
predicted route of the provisionally assigned car and
between those of each non-assigned car are calculated
15 and, based on the result, the 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)ll| by an absolute

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



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

bet ween those of each non-assigned car are cal cul ated 15 and, based on the
result, the route eval uation function 98s calculated. Referring to Figs. 7
and 23, this route ,evaluation function calculating process is described
bel ow i n det 3PP 2PRiERGY £ TNt SR ddsdméd S Aat % e Héx- N H dfitas
provisionallg agsigngd. Fromthe ka-th car's 20 tamget route data R (t, ka)
and predi ct eHUPBGEe CdatACVREPE KAFS)rhéDi ér i JRE Ui ISR [ R (1, ka),

R(t, k i irstl | at i nter- te dist | cul ati
bl ock 1054 SPOFBLAGLOP PRECEar 0o PO 5 GVISI G Aet Soment 15 |
flected in,th di 25 d R ka). Th | ted
{ﬁtes?rgutLndaﬁgﬁgﬁgehﬁF%ﬂff,k&gy%ﬁﬁwﬁ%gﬁa FkWE%%thE%?ggxﬁghgne absol ut e
| I L ka), Rl I bsol ut al | cul at.i bl ock 105B
vaie TR o g, Bl o0 angbsolie vl Gl g Broc

t ot al nunbePégttﬁggva%ﬂg ﬁﬁEﬁkhrgﬂtEnﬁﬁgi% teﬂ#ﬁ%fwﬁf%lfq%?giﬁékpg bl ock

105C cal cul a infer-route istance L ?t, the k-th
car's 5 targ a , ok p i ct ta t, k). The
inter-route g%s%gﬁggrﬁﬁégfﬁfg&)?EEE??QE)%%q#% 2gﬂgg$@§d o g% dbsol ut e val ue
FLIR(t, K) ., kREG, pykhh! aBYogReabsahuke cwalye falgphatd g sk HpD. The
absolute inter-route distance of each car excluding the

10 ka-th car is calculated in this manner and added up by

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

below.
2IL[R*(t, k), R(t, k)]l (1 < k <N, k # ka, N
= total number of elevator cars) ... (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 OR (ka)

is expressed as below.

IZILIR*(t, k), R(t, k)11 (1 < k <N, k # ka, N =

total number of elevator cars) ... (19)



absolute inter-route di stance of each car excluding the 10 ka-th car is
calculated in this manner and added up by a sumcalculating bl ock 105E.
This sumis expressed as below. ~IL[R*(t, k), R(t, kK)]JI (1 <k <N, k # ka,
N total nunber of elevator cars) .... (18) 15 The result obtai ned by the
absol ute val ue cal cul ati ng bl ock 105F mswd-the result obtained by the sum
cal cul ating bl ock 105E are added by an addition <calculating 105B to

cal cul ate the route evahuaheorasikundt iaoprddRdca)d twa ivialdiat Eméhespdovi si ona
assignnent 20 of the ka-th car. The route evaluation function DR(ka) is
expressed ascbelkewtipbRlka)szghineRt( tevalaptiRd ,fkmtiont, 1E€EIL$R (t, k),
R(t, k)] I (1 <k <N k # ka, N= total nunber of elevator cars) ... (19
- 59 In thetgpseadf ta prvedueted ondivt ithg toinve-ilssiecha lclgnvaess igmadl assi gnnent
eval uating function, it is typical to evaluate only the provisionally

assi gned car (ofoml $hehéifriststtetrar mn theheasas e fofempiatdron(190)). Im 5 the
case of the inter-route distance-used assi gnnent evaluating function

accor di ngot othRhecppesefit thevéntiegsmrovte idd s¢aacactiadd s $ ronment an

eval uation termfor non- assigned cars (corresponding to the second termin
equation (19%yailyahdnedfvpcthenepsicoadiog ter faheo TEG Sttovi BYmial P§, assi gned

car. Fig. 23 shows a flowchart of the route _
it is characterized in that an evaluation term for non-

assigned cars (corresponding to the second term in
equation (19)) is added to the evaluation term for
10 provisionally assigned car.

Fig. 23 shows a flowchart of the route
evaluating function calculating process described with
Fig. 7. 1Its flows are briefly described below.
Firstly, information about the provisionally assigned

15 ka-th car (provisionally assigned hall call-generated
floor, direction, etc.) is obtained (ST501). The
inter-route distance L[R*(t, ka), R(t, ka)] of the
provisionally assigned ka-th car is calculated based on
the information and converted to an 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 1is
done for all cars (ST506). When the processing is

complete for all cars, the route evaluation function



eval uating function cal culating process described with Fig. 7. Its flows
are briefly described below. Firstly, information about the provisionally
assigned 15 ka-th car (provisionally assigned hall call-generated fl oor,
direction, etc.) is obtained (ST501). The inter-route distance L[R*(t, ka),
R(t, ka)] of the provisionally assigrféd ka-th car is cal cul ated based on

t he |nfornat|on and converted to an absol ute value 20 (ST502). Then, a car
nunber | oop P8 (EReciagnf HY €848 T 108y é%@l&ﬁ|ﬁf%QR¥%ﬁ%@w§Yoﬁ%¢}®ga55|gned
ka-th car (ST503). Wthin the car nunbe the inter-route distance
L[R(t, k), R®, a?iTlﬁ?etﬁélRetﬁLégr fs kéékcgléve&adﬂdoébﬁVﬁ%ted to an
absol ute val pe (ST504% §5 Furt her i s val ye of each car, i s aqgsd up
(ST505) by +Rpeatfagteh 155?“ﬁﬁnﬁ§r SoBTARELSE ORRe 1 §r€§§§§ done for

N ST506 h | f h
val uat; on 1 %?av‘@g”%%e%%c"i‘?izﬁﬁﬁ B equiiiord (15T £HE cul at ed by
ddi t bso] ut of the - rout
Si s!tggce %f "iﬁhs Jp%lf%%ﬂ\é/‘? H%u ?t[ﬁéé' bﬂgﬁ% (%ﬁ E‘é?lcfa 8°Ehe s&rﬁcﬁ rLC["%J?te k),
R(t, k)]I of _th t t h
(L] CTRASEE RSP B dalueagh 1o o grahaube Al suos g sach oo

excludlng t he prOV|s ona aSS|gne t'he route

car s o be assig "é'@%@% B A et S AT
ghe 0 e hall call. C a) values are
cal cul at ed. Ifgisﬂaélﬁ?tdég%%kﬁédvgbUgeingkcﬁgeﬁek @%d which car 1is
to be assigned to the hall call. N ®R(ka) values are
10 calculated. The smallest O®OR(ka) value indicates that
the assignment would make the target routes of the
respective cars closer to their predicted routes than
the other assignments. Accordingly, a car which
minimizes ®R(ka) 1s selected as the car to be assigned
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. In Fig. 4,
a route specification selecting block 102A, based on
the current traffic data and time data, selects the
most appropriate route specification from a route
specification database 102B. As the route
25 specification to be implemented, this specification is
output to the target route preparation section (103 in

Fig. 1). In the route specification database 102B,

several route specification patterns (hereinafter,



t he assignnent woul d nmake the target routes of the respective cars closer
to their predicted routes than the other assignnents. Accordingly, a car
which mnimzes (DR(ka) is selected as the car to be assigned 15 to the
hal | call of concern. This process is executed by the assignnment el evator
selecting unit 2 in Fig. 1. To finalige the detailed description of the
control conponents of Fig. 1, the follow ng describes the target route

speci ficati afesetédngs Sestt OMmébdO2)i Bre28tbirgd i) icdpdetaith with reference
to Fig. 4. In Fig. 4, a route specification selecting block 102A, based on

the current diaféréentlat paandct toRddai ansseheehs bie 1dI@st. amm=apriste route
specification froma route specification database 102B. As the route 25

speci ficatiothép heyi ipteudat &dteipbsaipecifuaat iidmeirsralotopitte vddhe t ar get
route preparation section (103 in Fig. 1). In the route specification
dat abase 102B)2Bhexverd@tscoilbed speeehdgat chocpat hetimelheldrienafdder, - 61
denoted as route nodes) are stored to cope with different traffic
conditions irotute hodée di®B2 Thatnck, stbéheytimyg-badredeeca tremprar aldde equal
interval route node 102Bl1 as described already, clock-in tine-addressed 5
route node 102823, | lmechh s¢adt tineeadddeessddrpotieemooige 10282B3, | unch end
ti me-addressed route node 102B4, special traffic A-addressed route nbde
102B5, and sipecial traffic B-addressed route mode 102BS., ®mel tenporally
equal interval route node 102Bl1 is the nost
special traffic B-addressed route mode 102B6. The
temporally equal interval route mode 102Bl1 is the most
10 basic mode and its specification intends to put the
routes of the respective cars in a temporally equal
interval state. Normally, this temporally equal
interval route mode 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



10 basic node and its specification intends to put the routes of the
respective cars in a tenporally equal interval state. Normally, this
tenporally equal interval route node is selected. The clock-in tine-
addressed route node 102B2 prescri bes a specification 15 to cope with the
up-peak type of traffic which occurs @t the beginning of office hours.

Li kewi se, the lunch start timnme-addressed route node 102B3 prescribes a

target specifheapiofehe cOPenwibh thewdewnipeak vkypenefrolt iafifdg which
occurs during the first half of the lunch 20 hour while the lunch end

tine-addr essegirgotit eonbds) B8284 ba Feg.the | ast shakbref, tthe | unch hour

whi ch  shows bot h up-peak and down-peak types of traffic. Further, the
speci al trafféXldwhadgréssedibest ehaodrakée2Bheandnspedi alcdarafific to

B- addressed route node 102B6 25 prescribe target specifications to cope with
speci al typdse ofrésafifi tnvahguent diflierbutl dirng. thee chorvegaiingadias

descri bed the control configuration and processing of the first enbodi nent
of - 62 3hemqptesehtwitlivenéfenefnewtooFligsti Y@Acantr al0Busi mg.g.t droget rout es)
based on Fig. 1. In summary, the follow ng describes what nmakes the control
accordi ng tollbet priesenthé ntengebnrdiuféenentl toomrbhe coowegrtt icdnal 5
control with reference to Figs. 10A and 10B. Fig. 10A illustrates the
target routehseavresent olnventépr ofh anheppraténn dawrgmeilon on an operation

diagram Li kew se, Fig. 10B illustrates the conventional control
Likewise, Fig. 10B illustrates the conventional control

concept on an operation diagram. In the case of the

10 target route-used control in Fig. 10A, since routes
which should be taken by the respective cars in the
future are 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-



concept on an operation diagram In the case of the 10 target route-used
control in Fig. 10A since routes which should be taken by the respective
cars in the future are determned as target routes, it is possible to
control the respective cars by considering their future novenents based on
the target routes. Mdire 15 specificallgs since the target routes are
determned so as to put the cars in tenporally equal interval state along

the tine axisarsheon@speehi veneacsaseag Baeck sigiablty id¥ tiympral |y equal
interval state, reducing the possibility of long waits (Il onger than, for
exanmpl e, 1 2Qafit8)ooccuringy i Altheubtt vode Ptildre axasexftddie conventi onal
control nethod, however, evaluation of a car assignnment to a newy
gener at ed cahéthsdbaesatabktys thadefhased enlkyaaddrhefwaidd ngdggvr v which
the call is predicted to wait as shown in Fig. 10B. The future 25 situation
of the cars tarsptsiakenthnsoevahsbtdépat igndone tati ©revalmwatlioral Ther ef ore,
since the future trajectories of the respective cars cannot be controlled,
this met hbd dsstr&eéypodntausé aimeri ngnofinuod3 ocertssodordi thihen, i ncreasing
the possibility of long waits occurring. Al though sonme prior art control

met hod eval uBtegre herdneorersesuasi ontoposhébilespeetkiivg idars, since this
evaluation is done at one or plural 5 discrete points of tinme, continuous
control of t%bffi@@htet@raFébEMrk@@Pi§hﬁopa§@s§mb¢@ﬂ9ﬂﬂdhkyiqqu&ﬁfficult to

stably keep the cars in tenporally equal .
interval state. Also apparent from comparison between

Fig. 10A and Fig. 10B, more information (future target
10 routes and predicted routes drawn continuously along
the time axis) is used in Fig. 10A to evaluate the car
assignment. As a matter of course, it is therefore
possible to implement control by taking into the
account the current situation which may widely vary.
15 Finally, the following provides a
supplementary description of characteristics of target
routes prepared by the target route preparation method
of Fig. 2. As an initial route (also called a pre-
adjustment target route) to prepare a target route, a
20 predicted route is applied in the target route
preparation 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



interval state. Al so apparent from conparison between Fig. 10A and Fig.
10B, nore information (future target 10 routes and predicted routes drawn
continuously along the tinme axis) is used in Fig. 10A to evaluate the car
assignment. As a matter of course, it is therefore possible to inplenent
control by taking into the account _t current situation which may w dely
vary. 15 Finally, the followi ng provides a supplenentary description of

characteri stigse Of t@%ﬂeéxaﬁﬁyéesa9r€ﬂér§9gkxnahe bar gelr ilRUiR Jepar ati on
method of Fig. 2. As an initial route (al30 calfed a pre- adjustrent target

route) to prepde @nd aEHLlsEOHE Ca1mo20 Phedi Gheder @ukedas applied in the
target route preparation nethod of Fig. 2. As described with Figs. 5 and

6, this predisdahiioyt giis. PALPaF eehdYycasi pgcdatas YhakeRngefdsegt: the current
traffic situation, nanely, average stop frequency data on an each

floor/directirgh 2brdasfsosnd everage stoppage thBR daber(ifncaddithi on to
data on hall calls already assigned and data on a generated hall call).

Thereforeg ttel gad reddsdrnigd 4 Can®i Goas i vack stbethectedsitn fiberprofil e of the
predicted - 64 route. For exanple, at the beginning of office hours, since

t he car stopshalpmstilonlyf Whe eptd@i cedi Boutscradi Aggehtee abhernlt he car
recei ves passengers at the first floor, the car stops at each upper fl oor
to 5 unl oad slassengey AAtnds goesodackve oshhel frastief | aad) o sttkepprofil e of
the predicted route has a gentle uphil
downhill slope (Ay/At is a negative large value).
Since a target route is prepared by adjusting the grids
10 of this predicted route in the adjustment area, the
profile of the target route reflects the traffic
situation at that time. For example, at the beginning
of office hours, the profile of the target route has a
gentle uphill slope and a steep downhill slope,
15 reflecting the traffic situation at the beginning of
office hours as well. During the first half of the
lunch time and at the end of office hours, the profile
of the target route has a steep uphill slope (average
stop frequency low) and a gentle downhill slope
20 (average stop frequency high), reflecting the traffic
situation at that time. That is, the target route
preparation 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



slope (Ay/At is a positive small value) and a steep downhill slope (Ay/fit
is a negative large value). Since a target route is prepared by adjusting
the grids 10 of this predicted route in the adjustnment area, the profile
of the target route reflects the traffic situation at that tine. For
exanpl e, at the beginning of office ggurs the profile of the target route
has a gentle uphill slope and a stee downhil| slope, 15 reflecting the

t_raffi C Si tg%g‘lh%t%ltl%g%ﬂe&ﬁm Hgfgg $9&\¥$t§§nvm g During the

first half time a at t e en rce hours, the profile

of the targ%g @%% %é% teep Uphid | sl ope (average stop frequency | ow)
i

and a gentle sl ope 20 (average stop frequency high), reflecting the

traffic SItuatlonéﬂ ﬂﬂguf5lfg%lﬂguﬁeéé&15é§3éﬁfgfévégUEG?rBﬁ paration

met hod shown in Fig. 2 can prepare appropriate target rou y reflecting
the current gy ?%%@Bébﬁytdgﬁﬂfﬁl éibﬂéﬁ*ééﬁéﬁﬁlﬂ@ué& basedoggntrol 25 nethod

according to the present invention, the nethod “for preparing target routes

as referencenboutigeitas @ tHH qﬂteséﬁd Ui Feh 01 bt he m@t@@hepﬂf ormance. The
target route preparation nethod of Fig. 2, capable of 65 accurately

reflecting thetial fdon Siduald iash dB tk@%&ﬁ{&derﬂk%d’lxﬁéﬁﬁcisve The
foll ow ng describes an el evator group supervisory control system according
to a secondigeerhediimyy tofat her pitesemitrd w@idd@imerdtheo genegal 1
except for the target route preparation method
implemented by the target route preparation section 103
10 in Fig. 1. The target route preparation method in the
second embodiment is described below with reference to
Figs. 3, 16 and 17. Firstly, refer to Figs. 16A and
16B where the target route 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. In Fig. 11B (first embodiment), each target
route is drawn from the current position of the car.
25 In the case of Fig. 16B (second embodiment), each
target route is not drawn from the current position of

the car. This difference is attributable to their

different policies about target routes. In Fig. 11B



control configuration of the second enbodinment is identical to that of the
first enbodiment of Fig. 1 except for the target route preparation nethod

i npl enented by the target route preparation section 103 10 in Fig. 1. The
target route preparation method in the second enbodinent is described bel ow
with reference to Figs. 3, 16 and LIGéﬁjstly, refer to Figs. 16A and 16B
where the target route preparation concept of the second enbodinent is

shown. Fig. 16A showgntemPhef il endStabqatPienadisushmRAlet *ngels ot e (an
initial route to prepare a target routé). Like inthe first enbodi nent, a

predicted ropdecdd that th8BchssUsBuds tARePE@oma@hdsih@Meritar get route.
Fig. 16B shows the profile of the target route that is adjusted. The

di fference et Ve theotasgetor stelpr ohi kempyriheyseeerd enbodinent in
Fig. 16B and the target route profile by the first enbodinment in Fig. 11A

appears on thecgresendtaté e axishel 8thed. hddB, (finr $tgemied neRrRicbnaeach
target route is drawn fromthe current position of the car. 25 In the case

of Fig. 16B desditterenppodinentd rgedchoutasgpiroradee rositeet ttadwthier om t he
current position of the car. This difference is attributable to their
di f ferent patdxd esh@abbdit réaciget Ioupesinl DahiggagdlBthebGargkitr st
enbodi nent), the target routes provide transient routes that the cars
shoul d t ake fawred hien cbtgent1BpoSitsonsounepr dee t'@iset't ltarigett enporal |y
equal interval state. On the other hand, in Fig. 16B (second
routes which guide the cars from the current positions
into temporally equal interval state. The target
10 routes in Fig. 16B (second embodiment) do not have such
a guiding part. Only the final target routes are shown
to indicate "anyway follow these routes". These
different policies result in different start points
(current position and not current position of the car)
15 of each target route.
The cars can be controlled so as to follow
such target routes as used in the second embodiment.
This is described below with reference to Figs. 17A and
17B. Figs. 17A and 17B show a target route and the
20 subsequent actual trajectory of the car. 1In Fig. 17A,
the subsequent actual trajectory of the car indicates
that the car is not assigned many times, namely, not
stopped many times. In the case of Fig. 17B, the car
is assigned many times and therefore stopped many
25 times. Apparent from comparison between Fig. 17A and
Fig. 17B, the deviation of the actual trajectory from

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

earlier, assignment control according to the present



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

PoLi ci es resubloh s S LETEREsSLAER ROLDESac(EUr e ORI e Andynot ourr ent

position of the car each target route. The cars can be controlled so

as to foll 0Wfi§ﬁ'&f‘—£@&9§t df SHhRSe fSoHSedsi ﬁréﬁ%c%%@o%ui%@@dﬁﬁ&the This is

descri bed below wth reference to Figs. 17A an 7B. Figs. 17A and 17B show

a target routgergad thec20 svheedespt, agbHBkolr 8healier peofidnke staras I'n Fig.
17A, the subsequent actual trajectory of the car indicates that the car is

not assi gnedt yegysidgiBianPasBlys 0ot thssopped (DBAY chirmBgsuled)harcase of
Fig. 17B, the car 1s assigned many tines and therefore stopped many 25

times. Appareng. f1om coopaségesnbeyeene FagtudTArandesFifel 15¢Bnhe
deviation of the actual trajectory from the target route is smaller in Fig.

17B. As desctabgsk eaitéer, anstgnspntheoshtrsl caacbedickgtiroltileel poesent - 67
i nvention selects such a car as to make the deviation (inter-route

di stance) ofas tiso pfetletesuchbuterfeomndheest asgprepautke. ihhehef ore, control
shoul d be done so as
second embodiment.
The control configuration of the target route
10 preparation section in the second embodiment described
above is illustrated in Fig. 3 in detail. 1In Fig. 3,
the components identical to those in Fig. 2 (the target
route preparation section in the first embodiment) are
given common referehce numerals and not described here.
15 That is, a target route update judgment block 10334,
current temporal phase value calculating block 103B and
individual car's temporal phase value adjustment amount
calculating block 103C in Fig. 3 are identical in
processing to those in Fig. 2 (first embodiment). An
20 adjusted route preparation block 103E is 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



to assign many calls to this car (2nd car assuned) in 5 Fig. 17B.
Consequently, the actual routes follow the target routes. That is, the cars
can be controlled so as to follow such target routes as prepared in the
second enbodi nent. The control configuration of the target route 10
preparation section in the second enbqedi nent descri bed above is illustrated
in Fig. 3 in detail. In Fig. 3, the conponents identical to those in Fig. 2

(the target tﬂpytsdﬂmaf&@ﬂesgfébgeakmoﬁhslahksao@ﬁbggie_@%%)s.are gi ven
common reference nunerals and not described here. 15 That is, a target route

updat e j udgrentsdl pcks 103 get Y6 LAL oh CAREr AhjBaRenY¥akrdeeahel ating bl ock
103B and individual car's tenporal phase val ue adjustnent anopunt

cal cul ati ng htiocki 030 dum &t 8d Bnargei dgbhi €ak'sNtRrgeespoAatt 0 those in
Fig. 2 (first enmbodinent). An 20 adjusted route preparation block 103E is
unique. In ddne-waditisi@tod Otit BOPEEPAs At @8hbkaekb$03Eing) tharget points on
the adjustnent reference tinme axis are calculated by an each car's target
poi nt calxuladnpg@raPasiadd3djuméat ge 1 neuUAEpgk) dgkameaasl etkatked by a 25
target point-based grid position calculating part 103E2; 3) grids are
connect ed bytla dargetaloul£tedtlay thecuhdivbgupar tai03E3eimpogallcul ate tar get
route data. The follow ng provides a detail ed description of how- 68 this
adj ust ed roulea ¥ ep=alnad | adyj lod oedn l O3kooper ahesulakingt bypca ta&Bget point on
t he adj ustnent reference

Using tp(k) to denote the pre-adjustment temporal phase

value (the adjustment reference time axis-based

10 temporal phase of the pre-adjustment route), the
adjusted temporal phase value tp N(k) is given by the

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/Tm) x tp N(k) ... (21)

When the car is descending,

y N(k) = -(y max/(T-Tmn) x (tp N(k) - T) ... (22)



axis is calculated in the each car's target point calculating part 103El
for each car by using the 5 tenporal phase adjustnent value Atp(k) (k neans
the k- th car) calculated by the individual car's tenporal phase val ue

adj ust nent anount cal cul ating bl ock 103C. Using tp(k) to denote the
pre-adjustment tenporal phase value (the adjustnment reference tine

axi s-based 10 tenporal phase of the pré-adjustnent route), the adjusted
tenporal phase value tp _N(k) is given by the follow ng equation. tp N(k) =

tp(k) + Atp(k) ... (20) The adjusted tenporal phase value tp N(k) 15
plotted on the adj ust ”Pf{‘tFL?feI@zQC@héi%SpﬁéLQHQu lEi%enfc' QA gReSIH@R axis)
becones the target point of"the car. , the target point

posi tion of ﬁroﬁﬂes%bﬁn&hr\/er‘t}%’ EQ? el bewneg %guﬁhbo@e(s%‘é%t@v% 15).
20 When the car is ascending, ?y max/ T .. (21) \Wen

the car is deseenhdfoontN kE)sz (f’Lﬁ@K/&JrT' ctozz(tae%lﬁh caﬂ and (22) 69

In Fig. 16A where pre-adjustnent target route proflles are shown, the

target pointo®f (el FESREEL | VeBaS@d SoRl €nB8entar§8E2p6hintst, ear), E022
(second car) and EO032 (third car). Based on these target points, the 5

pr e- adj usy Megte tadPed toit eSaf@Et Predt 66 edoropteda) ctEdltouk@31 and EO031 of
the respective cars are
EO0O11, E021 and EO031 of the respective cars are
translated so that they go through their respective
target points, thus calculating the adjusted target
routes (routes in Fig. 16B). This translating
10 calculation is done by the target point-based grid
position calculating part 103E2 in Fig. 3. Using 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 N(k, i) is

given by the following equation.

gp N(k, i) = gp(k, i) + tp N(k) ... (23)

Equation (23) means to translate all grids of
the k-th car by adjustment amount tp N(k). In the
20 target route calculating part predicted route
preparation section 103E3, target route data is
calculated by connecting these adjusted grids according
to their temporal positions gp N(k, i). Consequently,
the pre-adjustment target routes (E01l, E021 and EO031

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



transl ated so that they go through their respective target points, thus
calculating the adjusted target routes (routes in Fig. 16B). This
translating 10 calculation is done by the target point-based grid position
calculating part 103E2 in Fig. 3. Using gp(k, i) (k: nunber of the car, is
nunber of the grid) to denote the LquoLal position of a grid of the pre-
adj ustnent target route of a car, the tenporal position 15 of the adjusted

t ar get routegﬁil%heag?% %ﬁigg&é?i%%5§iggiyg@_@xi%ggcgﬁglgwﬁng equation. gp

N(k, i) = gp Equati on ) neans to translate al

grids of thedsd by Lyufli UstoBpi1aMOURL £RnNGK) vebi£libe 2Q target route

cal cul ating part predicted route preparation section 103E3, target route

data is calggd atrede bynconappest &g theger adpyet 8dq0r tds o AGRORHLAG to their
tenporal positions gp N(k, 1). Consequently, thé pre-adjustnment target

routes (EOllze aRd £08de2pbints R0 1SN E@P e §RAVEDBEdoho tad] ust ed target
routes - 70 (EA I, EO021 and EO31 in Fig. 16B which cone at tenporally

equal intervadfustdesttnrdeeveidd i gdisn(Fog0 1A6Bighat ebheaadj usted target
routes go through their respective target points E012, E022 and E032 on the
5 adj ust nentinededence Mxts {IEDE0a s nuid@rs 4681 8somi Bhendegdegathg t hat as

understood fromthe foregoing description, the target points thensel ves do
not directldesetinitei o, titee athtgdedsatigettiodtelves do not

directly relate to the adjusted target route
calculating process. Accordingly, the adjusted target

10 routes (EO011l, EO21 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 temporally



cal cul ati ng process. Accordingly, the adjusted target 10 routes (EO11, EO21
and EO31 in Fig. 16B) can be obtained even if the each car's target point
calculating part 103El is renoved fromthe adjusted route preparation block
103E. The target points thenselves are used for operation check, etc. Al so
15 note that referring to Fig. 16B al though the target route profiles are
conpletely in tenporally equal interval state in the adjustnent area

betveen the oprepent LEDE) axhaqtERBA) andcbbaad usf gen gelergnce time

axi s (EO040), ey are sinpli on the assunpti;on 2 ere is no

hal | /car cal | ,ybh€hohS §£r§§d¥os§§§hgn%g-rh%_Q@EW&%@k%ﬁgéé%fgﬁifﬂ&ﬁady

assigned, the target routes are not always in tenporally equa i nterval
state [n he, adpust FPRl pAEEBSl BAGy BY 8b0RrmGaling Rhe Relrgauen! y
di stributed anong the cars. 25 Although control by the aforenmentioned

embodi nent s 1gt€ads; & 0cpHS 5 LBENEESAEEhI YReCRLEpbRe t eTOA ¥ i nterval

condition, the present invention is not limted to the control for

tenporal |y -rdiltes0yal thot @E¥BECEOREI bl B)atATEORGNG R ie ¥ §5ent
invention, it is possible to run elevators according to a specific purpose

only by detetskDh§g tbe tREEPLe,r eHERgyi BaGORg Sherceondikidma i, pose. | f
the target 5 routes of the respective elevators are determ ned by taking,

for exanpl e,i€entsgyosavbhg tot oegdhsedenatrgQrsavield e ep@sbIgdup realize
ener gy- saved el evat or group
supervisory control.
While the invention has been described in its
10 preferred embodiments, it is to be understood that the
words which have been used are words of description
rather than limitation and that changes within the
purview of the appended claims may be made without

departing from the true scope and spirit of the

15 invention in its broader aspects.



supervi sory

control. Wiile the invention has been described inits

10

preferred enbodinents, it is to be understood that the words which have

been used ar
within the

72 - CLAI Ms:

which indic

e words of description rather than |imtation and that

changes

purvi ew of the appended cl ai ns nmay be nade wi thout departing
fromthe true scope and spirit of the 1% invention in its broader aspects. -
1. An elevator group control systemto control nultiple

el evators each of which serves a plurality of floors, conprising:
route generating neans which for each elevator, generates a reference route

&LAIMSef erence positions of the elevator during a cert

ref erence

ain

period starting fromthe present tine; predicted route generating neans

whi ch, for
positions of

val ue of the
assi gnnment

dach el evathar e lgeredraat e Alprasditatcdd sysute | tadi et gyl

predi ct ed

the elevator during a certain period starting fromthe present

ti me; eval uafiud# ipdEns hiviaiors adadf alhdwvdt Grervesala i latesl dvy evfal uat i on

redicted route wth respect to the reference route;

and

ARS TR RPN SdY fan el evator for assignment to a generat ed
hal | call based on the evaluation values calcul ated by the eval uat

means. 2. An el evat or FGrEEHE Nt & PaANGRATY o Mt&agls 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 of the elevator during a certain
period starting from the present time;

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
for assignment to a generated hall call based on the

evaluation values calculated by the evaluation means.

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 period starting from the present time;

predicted route generating means which, for

i on



multiple elevators each of which serves a plurality of floors, conprising:
reference route generating nmeans which, for each elevator, generates a
reference route which indicates reference positions of the elevator during
a certain period starting fromthe present tine; predicted route generating
means which, for - 73 each elevator, generates a predicted route indicating

predi cted positions

whi ch the elevator would go through during a certain

period if theaehewatontbs,agengnadetoa pregeahneratedohalkl italilcatdawal uati on
means whi ch, for each elevator, calculates an evaluation value of the
predi cted roprediwted pespedbnsowhhehr ¢her enesatout goudnd gas sihgongmht neans
whi ch selects an elevator for assignnment to the generated hall call based
on the eval daring wakFaesteahcpkated by the elalvaabirodsnesssgndd A el evat or
control systemaccording to Claim 1 or 2 wherein: said eval uation neans
whi ch, for eac@ieneravatohaldarcedllates an eval uation value of the predicted
route with respect to the reference route takes a deviation along the tine

axis or a positional
val ue correspondi ng

gXpduakipg| neasst HhAER b orneaghatilfyatos rdevi ati on, a
to the deviation, or a value corresponding to the

i ntegration vatGelasesnan &valyatienr vatue of the predicted route

with respect to the reference route; and

assignment means which selects an elevator

for assignment to the generated hall call based on the

evaluation value calculated by the evaluation means.

3.

An elevator control system according to Claim

1 or 2 wherein:

said evaluation means which, for each

elevator, calculates an evaluation value of the

predicted route with respect to the reference route

takes a

axis, a

deviation along the time axis or a positional

value obtained by integrating the deviation, a

value corresponding to the deviation, or a value

corresponding to the integration value as the

evaluation value.

4.

An elevator control system according to Claim

1 or 2 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.



4. An elevator control systemaccording to Caim 1 or 2 wherein: if a
relation between the reference route and predicted route of the elevator
neets a certain condition, the reference route generating neans updates
the reference route of the elevator. - 74 5. An elevator control system
according to Caim 1 or 2, further comprd sing nmeans for displaying the

reference route and the predicted route.
5. An elevator control system according to Claim
1 or 2, further comprising means for displaying the

reference route and the predicted route.





