WO 03/ 074405 PCT/ FI 03/00144 1 METHOD FOR THE ALLOCATI ON OF PASSENGERS I N
AN ELEVATOR GROUP The present invention relates to a nethod as defined 5
in the prwambloaos claim 1l for the allocation of pas- sen®ETFIIDOaI

el evator group conprising nulti-door elevators. Prior art is described in
Fi nni sh patent application 10 Fl-A-20000502 (B66B 1/18), which discloses a
solution relating to the aIIocation of passengers to the eleva- tors in an

el evator bank. In this %assen ocation each passenger gives
hi s/ her desti dETEP F9BofEET EL@%’FF?%OH 86\5%@?‘%&%&%&%%@@ is of
15 the locati aar@fpthe call input device, it is possible to obtain

unanbi guous i nformation regardi ng passengers trying to get onto the
system Wth these initial data, the elevator group control is able to

find a prefenﬁ9£98§ES¥ﬁE0G;££§1 Qﬁp §§§@eEo.Q“ﬁkﬁﬁ%&agge%ﬁfgk

passenger allocati hi's so ut |on i sion ma ase
e.g. genebic & gohet AEsampilesef & Ladab el ﬁﬁrath%rﬁéﬂpvéts@n ot iREvEs i.e.

chronpsones arg-d&a edn t Be quakib¥cef gpoubi cbmsr Al Rsathon Jdetisy ons is

determ ned. After this, the set of alternative solutions is subjected to
refinenment by %&ﬁﬁﬂ?%r%ethods whi ch include the se- lection of
representative solution alternatives for the next generation and as

parents for de§§igf v£§ J%p éggcgegg&atloq%ﬁ£n%§§cegg%n% cé%lon

solution al- tern S Crossbreedi h est~so & Rati ves
of each i At arﬁIv%fIhO%%ﬂfﬂ%t K1§66§nd,//d|8)by vgplclpl @w\gl@haﬁges S@rluhnca"tl ons

to the genes ofcoidie; ge- téC@Hgagi§o€é€§6ﬁdoprQBQEhb%rEa%Bo%h%a%ﬂé%éKBdeter
35 mned for each descendant, whereupon the next genera- tiqgn of solution

al ternatives cEfFbelRrdat84CBRtOFfbgnk. In this passenger allocation
solution, each passenger gives his/her destination

floor. The starting floor being known on the basis of
15 the location of the call input device, it is possible
to obtain unambiguous information regarding passengers
trying to get onto the system. With these initial
data, the elevator group control is able to find a
preferable elevator for each passenger. This is called

20 passenger allocation.

In this solution, the decision making is based on e.g.
genetic algorithms. First, a number of alternative so-
lutions, i.e. chromosomes are created, the quality of
25 which as allocation decisions is determined. After
this, the set of alternative solutions is subjected to
refinement by genetic methods, which include the se-
lection of representative solution alternatives for
the next generation and as parents for dJdescendants,
30 the generation of descendants, i.e. new solution al-
ternatives, by crossbreeding the best solution alter-
natives of each instant with each other and/or by ap-
plying changes or mutations to the genes of the de-
scendants created. A quality factor has to be deter-
35 mined for each descendant, whereupon the next genera-

tion of solution alternatives can be created or, if a



WO 03/ 074405 PCT/FI 03/00144 2 termnation criterionis fulfilled,

t!ve in the set of solutions is selected as the sol u-
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ways definrti y assigned to serve ,
each passenger. Each passenger gives his/her destina-

tion floor using a call input device on the starting
floor, and thus the data for each passenger is known
in the elevator system. The elevator system also has
to inform each passenger as to which elevator is going
to serve him/her. Once the passenger has been thus in-
formed, it is no longer possible to change the eleva-

tor car offered to him/her.

US patent specification 5689094 (B66B 1/20) again dis-
closes an elevator group comprising passenger termi-
nals located on each floor. In the elevator group de-
scribed in this specification, destination calls can
be entered from the aforesaid passenger terminals via
input means, which may consist of e.g. a keyboard. In-
formation regarding allocated elevators is presented
to the user on a display device placed at the afore-
said passenger terminal immediately after a destina-
tion call has been given. A second display is provided
above the landing door to tell the passenger which

elevator car will serve the desired floor.

A problem with the prior-art solutions is that a given
elevator car ig always definitively assigned to serve

a given call entered by a passenger in the elevator
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a given call entered by a passenger in the el evator WO 03/ 074405
PCT/ FI 03/ 00144 3 group. Therefore, the elevator control system can not

| at er chawgQe3bhaoel evat or assigned to a given call. On tireToFUIB&M0143and, in
the case of a multi-car elevator group conprising several |obbies, it does
not make any 5 great difference to the passenger which elevator car is
going to serve himher. In addition, it nmay be dif- ficult for the
passenger to distinguish the el evator car assigned to a given call. 10

Al so, the problegiegor-el Thexeiore medéardesbboratdomtmfll swdtanicatheot

traditional uphggﬁﬁ~Qﬂ&%ﬁ&éﬁﬁﬂ&”éfé%ﬁﬁ&ﬂ aéﬁfbﬂﬁﬁ 96r§c§£¥eﬁ032§iabpﬁ0“‘th

the problens of inmme- diate allocation in the case of destination a ca-
tion, which is e Fhehelpack tHat then @Es | fht Pormubt bt ¢a6 apleHator

i nformation regaotiong dre ideistd ﬂ;’éx}réﬂalOflolﬁ:Khééldli/’t da@és PASSERERE héy
obt ai ned i dlate connecti_on th the hall c assenger
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in the above- mgnti.gred:pri gheagasséﬁ&ggﬁ ops- d%@tA% argd with prior art,

the present invention pro- advantage e inventron prOV|des
an advant age i F3hassigaeg dgp a SBivterolcagylst em of the el evat or group,
conpri si ng Iobby 30 and door allocation, is better adaptable to the needs
of the ele rou contrg% %ﬁste because it is_not necessary to

1§

i medi at el Iﬁ&%&fe |1 B Ft FGeRyedt §0a IgMiRsh adte\at HPCREHON LPkewi se,
the use of mul tiedldodm etlewatoaddtal snaddupgsictine aitoppi ngrébupesontrbhe 35

el evators because B%%S%ﬂgﬁﬁﬁjga%5ﬁ§%fgﬁfg”wf¥H”thgngroblems of imme-
diate allocation in the case of destination alloca-
tion, which is due to the fact that, in destination
15 allocation, information regarding the destination of
an individual passenger is obtained immediately in
connection with the hall call and the passenger can
not influence the formation of the route of his/her
elevator trip.
20
The object of the present invention is to overcome the
drawbacks observed in the above-mentioned prior-art

solutions.

25 As compared with prior art, the present invention pro-

vides several advantages.

The invention provides an advantage in that the group
control system of the elevator group, comprising lobby
30 and door allocation, is better adaptable to the needs
of the elevator group control system because it is not
necessary to immediately allocate calls definitively
to a given elevator car. Likewise, the use of multi-
door elevator cars reduces the stopping times of the
35 elevators because passengers can use either door, and
preferably the one closer to himself/herself, to enter

the elevator.



preferably the one closer to hinself/herself, to enter the elevator. WO
03/ 074405 PCT/FI 03/00144 4 A significant advantage achi eved by the

i nventi orwD93/0t4363 t he el evator | obby all ocation net hod ofCrimosinni44venti on
reduces congestion in elevator |obbies because 5 passengers are all ocated
to different |obbies in a balanced way. Ljkew se, |obby allocation
increases the tinme available for conputation in the group control of the
el evator group. 10 In addition, the use of elevators preferably conpris-
ing several doors enhances the operation of efficient genetic algorithns

in the group CQﬂté@@n@fibaﬁteﬁﬁﬁanﬂdyéEH&%E@@@@aE?ejﬂﬂ§ §ﬁ@é§9i§ﬂaﬁ% for
potential dif- ferent. solutions is increased and it is_thus also pos- 15

sible find bett@Pel Edat GLVEHCE sHIRRY oA IoBABL pRr Mediest sfe BRI dved by
the invention ivertthain tddugeassenggssthon benmeleveasi-l ¥ osyidedpbamsa cal |

i nput device t vat or,_| obby-than to an inndivid 20 el evat or car.
To gui de pagseﬁggkgaiéﬁieagﬁlo%%%%ﬁag%%edﬁfogllgﬁﬁ??%itfgébb%§si¥ﬂeaﬁo use
e.g. interna- tiddmaicest now syhblodeisén pokioyselierasiohhénmethedsofhiche

[ nvent i on for titte 28,1581 | Q0 ofoRASSANNSE S; ANcAD BLEVALOLOLOWD e
conpris- ing multi-door elevators is c aracterlzea y at rs--arsclosed in
t he characterif%ﬁ(ﬁ%ﬁ%ﬁqoﬁﬁgQQ%ﬁﬂ11. The features of sone preferred
enbodi nents of the inven- tion are disclosed in the subclainms. 30 In

particul ar, the_j nvention copncerns a nethod for the | | ocation of .
passenger s-n %ﬁ(ﬁéﬁ%ﬁ%ﬁngrgﬁﬁ &5fprd -éﬁﬁﬁf?ﬁﬁ® REFt PRGPLBbEPER T AR d
mul ti-door el evaorssveral wioohs mehhadceac thpassengeti gh ves bifshibeent

destination 35d@d§¥idﬂéﬁébf¥%ﬂménPHttﬂgvb%%UgﬁQﬁnﬂ%%%?qggréﬁesg Lha-
tor group because the search space for potential dif-
ferent solutiong is increased and it is thus also pos-

15 sible find better elevator route solutions.

Another advantage achieved by the invention is that
the passenger can be more easily guided from a call
input device to an elevator lobby than to an individ-
20 "wual elevator car. To guide passengers to the allocated
elevator lobby, it is possible to use e.g. interna-

tional arrow symbols.

In precise terms, the method of the invention for the
25 allocation of passengers in an elevator group compris-
ing multi-door elevators is characterized by what is
disclosed in the characterization part of claim 1. The
features of some preferred embodiments of the inven-
tion are disclosed in the subclaims.
30
In particular, the invention concerns a method for the
allocation of passengers in an elevator group compris-
ing many waiting lobbies and multi-door elevators, in
which method each passenger gives his/her destination
35 floor via a call input device, the passenger’s start-
ing and destination floors being defined as a given

starting floor, which may be a lower lobby or an upper



ing and destination floors being defined as a given starting floor, which
may be a lower |obby or an upper WO 03/074405 PCT/FI 03/00144 5 |obby or a
fl oor forweoshange of elevators in a sky- scraper in the easFiaioostutt|e

el evators or one of the floors between |obby floors in the case of |ocal
ele- vators. In skyscrapers, the aforesaid floors with ele 5 vator |obbies
are generally called |obby floors, for exanple an upper |obby is called a
sky | obby fl oor. Accordln% to the best embodinent of the invention, when
a passenger gl@@? ¥ d¥st fnatPen figora cahenganofeledwatadorisobby &s salyl-ocat ed

first, whereuperrapee! ava-tHd doie doOrshst @l d Oé??é@Qtof‘;.CCQfde% E@ gpat her

enbodlnent of the invention t he_passenger is to be serve
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15 | ocat ed aft eetolrs . mjnxﬁkysnraﬁeﬁémaEﬁ@v&i@we§§&m ffﬁ@fgdvﬂghtﬁlgn?g?er
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regarding the gb@w@aghgloggl e@n@es%|e¥ﬁ58ﬂ1H8ﬁEs<§Pd %]evgﬁgﬁa ?rsnfor
t he passenger S‘ hé? stored in a gene of ronnsoge ro ]
utilizing genetf&Rmet hBASSCROEE: TSR Bhrinfsistisi e ef260dev@ldpedarnnd t he

best one anongeflkeseoirs lstlgctied, allesd es Mieh, t{igeRASKENGSL Sci AgLcat ed

by the be C r ui d to the elevator |obbies and ele- vator
dgors andsg evgﬁgraégggl%egggse gg'by the best chronosone, while the

el evator | obbies and eIevator 30 doors and el evator cars indicated by the

best ohr omo- _saEBoaliengUsedah0eREE v ertitRIRENgE spal ared on Lhe
chr onosone. Slnhlarly, according to an e Yodi ment o he 1'nve
e passenger is to be served by a multi-deck elevator

car, the elevator to serve the rassenger’'s call is al-

15 located after the allocation of the elevator door.

According to another embodiment of the invention, the
passenger is allocated to the elevator car that is to
serve him/her by a genetic allocation method by encod-
20 ing the elevator routes into alternative chromosomes,
the required data regarding the elevator lobbies and
elevator doors and elevator cars for the passenger be-
ing stored in a gene of the chromosome. In addition,
utilizing genetic methods, alternative chromosomes are
25 developed and the best one among these 1is selected,
besides which the passengers indicated by the best
chromosome are guided to the elevator lobbiegs and ele-
vator doors and elevator cars represented by the best
chromosome, while the elevator lobbies and elevator
30 doors and elevator cars indicated by the best chromo-
some are caused to serve the passengers stored on the

chromosome.

Similarly, according to an embodiment of the inven-
35 tion, the chromosomes are so formed that the position
of the gene in the chromosome defines the identity of

the passenger, and the wvalue, or allele, of the gene



35 tion, the chronosones are so formed that the position of the gene in
the chronosone defines the identity of the passenger, and the val ue, or
al l el e, oWotohe7ggene WO 03/ 074405 PCT/ FI 03/ 00144 6 defi ne®pCrheo3agoemat or

| obby and el evat or door and el e- vator car to serve the passenger.
According to an enbodi nent of the presentginvention, 5 the gene contains
several allele alternatives as long as the genetic algorithmis running.
According to the invention, the el evator Iobbles and elevator doaqrs and

el evator cars defsingredthe pas¥aRor1dofbys aif | FEC R ERA 0d8OEI PBEAtG G cycl es

are stored on gy ONDSOPE ASHBENEse WWsSeaddéel e s unchangeabl e and
represents the el evator | obby and el evator door and el evator car already

all ocated to the passenger. 15 According to the invention, genetic
al l ocation isaxﬁordﬂm@edoimnaéﬁbkermeht bﬁmmhmepeeaaneXémwmnniqnut

obtains th V??-t Oéﬂlgo\%(b) | g%selsﬁe:/ e l dgﬂefgdaﬂ:grng Qéscg_r Sl%lﬁft ed

for the pa sen as a passenger allocated to an

el evat or haV|ngsZﬂnehgsn@tewambmorbbbw Bporenevagor door and el evator car.
According to an enbodi nent of the present invention, after the genetlc

al gorithm has stopped, the executive 25 unit calls dec B f unct

wher eby the elRSRRERIPSbEPeLdLBYEREEBT dddSs %&EV%&%@agBk gﬁ?s*? |cated

by the best che epsSOHE aberebtaidedl Evatorhe 055 kessigwdd to heesdrer ed

into the elevator data,fields for | ocat ed nger.s ng to
the presen® i Y&t i S EAoPOFVHBHE SEZOCS laergg%gﬁgb%%ﬁan&%gﬁéfogeq%er by
a singl e passecigesmogomep agermends whosediald dle alpr ehehpageakbediarmt of
the present"&epresents the elevator lobby and elevator door and

elevator car already allocated to the passenger.

15 According to the invention, genetic allocation is per-
formed in a GA kernel, from where an executive unit
obtainsgs the elevator lobby and elevator door and ele-
vator car selected for the passenger, who will be
guided as a passenger allocated to an elevator having

20 this elevator lobby and elevator door and elevator

car.

According to an embodiment of the present invention,
after the genetic algorithm has stopped, the executive
25 unit calls a decoding function, whereby the elevator
lobbies and elevator doors and elevator cars indicated
by the best chromosome are obtained from the GA ker-
nel, to be entered into the elevator data fields for
unallocated passengers.
30
According to the present invention, two or more pas-
sengers can be handled together by a single passenger

group gene.

35 According to a preferred embodiment of the present in-
vention, after one or more lobbies on a given floor

have become congested, the passenger arriving on an



vention, after one or nore | obbies on a given floor have becone congested,
t he passenger arriving on an WO 03/074405 PCT/ FI 03/00144 7 elevator is

gui ded frwmoBkesonl | i nput device to a |ess congested | olploy/Fiosaoodi ng to
anot her enbodi nent of the invention, in a 5 group elevator system
conprising doubl e-door elevator cars, pagsengers are guided to the |ess
congested |obby. In the followng, the invention wll be described in 10
detail with reference to the attached drawi ngs, wherein Fig. 1 illustrates
the operation efegeneti cial goiideldnsfrom Itdisbycahtl deogutal flevateortaceor di ng
to the inven- iaghi @BngEk@ed? libystrates the utilization of door and | obby
allocation in an el evafor systemaccording to the in- vention. 20 Fig. 1
illustrates the principle of the invention. To describe the operation of

genetic al gori pha®riAnbokly andtthedodmld gail HE Eh&E oMyt Y8t enhi §

resented hat _ains at finding the nost suitable, el evator door 25 and
Fobby insté%d 8FOPﬁe%;%¥a%ﬁﬁt%%f€e%I&VEFGFS&QQtQ?uﬁiﬁ' heSpE¥8ERFer. In

this el evator cemtrol psyseegersi tars ppssidd e tco skear chebor aongxstedoor
that the passgggﬁg_can advant ageously use to | eave the elevator car at
t he destination or. The door and | obby allo 30 cation principle is

applicable for use in elevator systens enploying destination allocation.

I'n and_el ev?t Or 18 it C?@II&b%ﬁg‘,S_t f%gg@c\yémﬂp?&iﬁndbel Qi&ycﬁﬂ&fzaihp?h
according to the,.inyentiqn, i f- erence froma passenger al gorithm
the gene va uegﬁﬁaaicaﬁﬁgﬂihé&%g%V%T%? d58r Fggyﬂﬂﬁ¥%¢ﬁg%as ERYERIS As-

wherein

Fig. 1 illustrates the operation of genetic algorithms
in lobby and door allocation according to the inven-
15 tion,

Fig. 2 illustrates the utilization of door and lobby
allocation in an elevator system according to the in-
vention.

20
Fig. 1 illustrates the principle of the invention. To
describe the operation of genetic algorithms in lobby
and door allocation, a control system is presented
that aims at finding the most suitable elevator door

25 and lobby instead of the most suitable elevator car to
serve the passenger. In this elevator control system,
it is possible to search for an exit door that the
passenger can advantageously use to leave the elevator
car at the destination floor. The door and lobby allo-

30 cation principle is applicable for use in elevator

systems employing destination allocation.

In an elevator group control system applying door and
lobby allocation according to the invention, by dif-
35 ference from a passenger algorithm, the gene value in-
dicates the elevator door to serve the passenger. As-

signing an elevator door instead of an elevator car



signing an el evator door instead of an elevator car WO 03/0744

PCT/ F1 03/00144 8 makes it possible in a control system conpri g;sng

mul ti - decwoaBevabdDrs to change the el evator car to servePChFI@assanger
even after the passenger has been told which elevator door is to serve
him her. Accord 5 ing to one of the pring ples used in earlier elevator
control systens, one of the cars of an elevator serves only the even
floors of the building while the other one serves the odd floors. In the
present contrelakals dari thumsifleassingnieng cangwart | 5y StEBor COMBF AR Ydoor

10 it is possihle o change the glevayorcgagel kaeat sdetotoseryer t he
passenger up tO]Tech nonent Ve\:henot ﬁ’e el evcat OI’g St arts d2C6| grgtl n%eprl or to
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an el evator sy(sdramd:]pn@ymsem, donb| e ﬁﬁedoarsebévattrloﬁl@éllaéjort FEIIES niti ve
assi gnment of Lgvater, doolo Lo erydl e mansenoess B the dasidma-
ef

tion floor can’ deeFdé ju a nonment ore the ™ el evator doqrs .are
opened at the destseavesntheoodd Alamsithl elRobRe sPREFENEe SO S atdr i s

able to serve | oBhi eg590ma s Sh e @nevusk 16@1&& emd
The cont ol syLvem ol dotbl o dane el o %paSE}&rs he aS-y,fe Tl GAD b

di stribut 88 notle EveRP§ShBLReER £REM9Fo ?l(?ﬁaftlogorg CTT “he eI evat or
has two | andi ngera@omeapaslsabber up ao ehevatomenstys«xhem tté@o&lcﬁvare@m 30

nation allocation, b
regi stered, sos??]]ét%agggﬁ 3F§‘ gv%%g%gng%{)uﬁ&e]p%ﬁgr elbgvg%ag?@c%asgecoafn be
gui ded to t he 4 esmil tdontpadt edlevdbyr) f e eE8ARYEIPR Rfdi BRoPY 3 Mor e

car can be accomplished by means of the GA kernel as

15 the data encoded in the chromosome includes, in addi-
tion to elevator door data, data indicating the eleva-

tor car to serve the passenger.

Tn the case of an elevator system comprising double-
20 door elevator cars, the definitive assignment of the
elevator door to serve the passenger at the destina-
tion floor can be decided just a moment before the
elevator doors are opened at the destination floor. A
double-door single-deck elevator is able to serve two
25 lobbies on a floor simultaneously. Consequently, in
the control system of double-door elevators, the pas-
senger flow can be distributed more evenly between the
lobbies on floors where the elevator has two landing
doors available. In an elevator system based on desti-
30 nation allocation, the numbers of passengers in each
lobby can be registered, so the passengers leaving a
double-door elevator car can be guided to the less
congested lobby if necessary. In addition to a more
balanced distribution of passengers between elevator
35 lobbies, the use of double-door elevator cars makes it
possible to reduce the stopping time of the elevators
at the floor.



bal anced distribution of passengers between el evator 35 | obbies, the use of
doubl e-door el evator cars nakes it possible to reduce the stopping tine of
t he el evaworos/o74dst he fl oor. WD 03/ 074405 PCT/ FI 03/ 00144 Pp@TIRO320143 evat or
group control system applying | obby and door allocation according to the
invention, a direc- tion gene encoded in the gene determnes the direction
5 of departure of free elevators according to the pas- senger algorithm An
el evat or group nodel determnes the quality of each chronosone
representing a solution alternative in respect of elevator group

operation. Theni pit iAlewddia UaeiPYeddis- £l exal el 4S1 st
of the el evatornspeedeg,ev%he_ Si zes,FppCosl tldglns anéciém_ %&%%Fﬂg? t%}gﬁ)}glé\?ator
cars, rules of 9BERaVAbICGHL M 26FeyAiBys tandthiaf dRPHERESATY ecdei $EEET OM t he

passenger nodehonThenRassRigrRid nedalhd ydid.ddrSehines the fasccsehger

t iti d i1 costs poth on the floors 15 and in the _el evator
O o R oD e I Lot G TS0 1 CBnekdeh den s

regi ster, the eahberi mplgoxdiesincesAnexilevalomagabasemaaid t Het etrimeor

group nodel . The_ ihal ﬁgg [ rodhin for the
determ nation gﬁetﬁggégéégq?i- 3%#%%%%nIggg%%%ﬁﬁ%%?%ﬁnq|%e%§%¥Fﬁ??ferent
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i nput device t r.g o] target elevator doqr,. The passenger's
1hal desti aocherrseepatins pdber e STBGELT Ble 6 LA BT B TREST
wal ki ng time fhepelhe Tesmasrdnger ptelel evaFdg. ddordefines the pas-

senger transition and waiting costs both on the floors
15 and in the elevator cars. The initial data for the
model are obtained from a passenger register, the call
input devices, external databases and the elevator
group model. The initial data are utilized, among
other things, for the determination of the space re-

20 quirements and walking times of different persons.

In the process of forming the elevator routes in the
elevator group model, the data produced by the passen-
ger model, such as information regarding the persons’
25 walking times and space requirements, are taken into
account. From the initial data, the passenger model
generates the walking times for persons walking from
the place of the call input device to the target lobby
or target elevator door. The passenger’s final desti-
30 mnation being known, it is possible to calculate the
walking time from the destination floor elevator door

to the final destination in the building.

The passenger model estimates the passengers’ space
35 requirements and moving speeds on the basis of per-
sonal data collected. By using personal data, it is

possible to define passenger group data for the per-



to the final destination in the building. The passenger nodel estimtes the
passengers' space 35 requirenents and noving speeds on the basis of per-
sonal datwoOmalt4ei ed. By using personal data, it is possiPoirgFlamodaf i ne
passenger group data for the per WO 03/074405 PCT/ FI 03/ 00144 10 son. The
menbers of a passenger group have e.g. siqlg- lar transition and space

requi renments or destinations in the building. By using passenger type
data, the passenger nodel can be sinplified because utilizing 5 the
passenger typesdat aThekesnltersogsi bi epassanoed gprupedsivey Pay sovahidat a
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el evator car ted to the usSe o a car
will result intvAfRegassaiy $rogsSHret W@atelté\ﬁamﬁrmmlqmnggm daggage

carried by thegpasn §eBaALr &iMRY r@iehley dfilil thesshavat of, spaces1 &pL- exam
ple, a hotel custoner carrying suitcases occupies nore space in the

el evator tifan FRE SY&F&Fe traveler. Due 25 to the various space
requirenents of el evator passen- gers, the space requirements of a given

prosencer 91 o4RSUBuL US L aKEALD! 8 eGcqull n it LALIBLIGN, ofpogheval o

of a | ack of elevdtalten into account in the formation of elevator
routes in the elevator group model. In earlier meth-

15 ods, the number of passengers entering an elevator car
is limited, among other things, on the basis of infor-
mation provided by the car load weighing device. How-
ever, if consideration of the occupancy of an elevator

car is limited to the use of a car load weighing de-

20 wvice, this will result in wunnecessary stops of the
elevator because the light baggage carried by the pas-
sengers may quickly fill the elevator space. For exam-
ple, a hotel customer carrying suitcases occupies more
space in the elevator than the average traveler. Due

25 to the various space requirements of elevator passen-
gers, the space requirements of a given passenger
group should be taken into account in the formation of
elevator routes to avoidlunnecessary stops of eleva-
tors. Floors passed by because of a lack of elevator

30 space will be served at a later stage of the elevator
route. When an elevator is passing by a floor, it is
advisable to tell the persons waiting in the lobby be-
forehand via a lobby display that the elevator is go-

ing to pass by that floor, to ensure that those wait-

35 ing will not interpret the by-pass as incorrect eleva-

tor operation.



30 space will be served at a later stage of the elevator route. Wen an
el evator is passing by a floor, it is advisable to tell the persons

wai ti ng iwotohe7440bby be- forehand via a | obby display thatrcCriro3goemat or i s
go- ing to pass by that floor, to ensure that those wait 35 ing will not
interpret the by-pass as incorrect eleva- tor operation. WO 03/074405

PCT/ FI 03/ 00144 11 In the formation of elevator routes in the el evator
group nodel, the elevator door time or light-cell de- lay is not altered
because unf or eSeerrhisehfgimatodnt lod elevator dowtesoulm chgseelevator
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el evator group control system of e invention baseé
al | ocati on, unenkera thessemger InalQyeres hapsSehe FEIRN val PESISEAIOSEt &3t he

el evator door riPeSCEYE tlasep@%ssngeéle%&@:gnwgbénasllsvaetoorerphw &}Eé 20
stead of eI evat?br? car es i OSSI in a.con-_trol Ea n%rl si ng
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floors of the sition times accurately to allow the passengers to
catch the elevator cars intended for them.
15
In the elevator group control system of the invention
based on door and lobby allocation, unlike a passenger
algorithm, the gene value indicates the elevator door
to serve the passenger. Assigning an elevator door in-
20 stead of an elevator car makes it possible in a con-
trol system comprising multi-deck elevators to change
the elevator car to serve the passenger even after the
passenger has been told which elevator door is to
serve him/her. According to one of the principles used
25 in earlier elevator control systems, one of the cars
of an elevator serves only the even £floors of the
building while the other one serves the odd floors. In
the present control algorithm, assigning the starting
floor elevator door makes it possible to change the
30 elevator car allocated to serve the passenger up to
the moment when the elevator starts decelerating prior
to stopping. In the case of a multi-deck elevator, the
selection of an elevator car can be accomplished by
means of the GA kernel as the data encoded in the
35 chromosome includes, in addition to elevator door
data, data indicating the elevator car to serve the

passenger.



buil ding while the other one serves the odd floors. In the present control
algorithm assigning the starting floor elevator door nakes it possible to
change t hwo30G/el4evat or car all ocated to serve the passeng®CTH30144t he
nmonment when the elevator starts decelerating prior to stopping. In the
case of a nulti-deck elevator, the selection of an elevator car can be
acconplished by neans of the GA kernel as the data encoded in the 35
chronosone includes, in addition to el evator door data, data indicating
the el evator car to serve the passenger. WO 03/074405 PCT/FI 03/00144 12
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can be guided tihd heohessl sopaest edF |y dfadecessaryzotd, addit igr_to a
nore bal agﬁed di stribution of ]ggsnaen ers between el evator_ | obbies, the

use of double- FSBIEEN eveltBrCTar KBETHPUCRdsePhPe SV ¥dREEVERR 6ppi ng
tinme of the el evatlmress 20 dflobhe fWloare The eferattioan Hafs condbr dbndtiklg zi ng
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i zed by an exanpl e si (At 1on based on Q. 5 - Thorhe
nation allocation, the numbers of passengers in each
lobby can be registered, so the passengers leaving a
15 double-door elevator car can be guided to the less
congested lobby if necessary. In addition to a more
balanced distribution of passengers between elevator
lobbies, the use of double-door elevator cars makes it
possible to reduce the stopping time of the elevators

20 at the floor.

The operation of control utilizing last-minute assign-
ment of the destination floor elevator door is visual-
ized by an example situation based on Fig. 32. In the
25 example situation, a passenger is arriving at a floor
on elevator 3 and simultaneously a passenger call has
been entered from terminal “ID 1”. In this situation,
the elevator door best suited for the passenger call
is the door of elevator 3 facing lobby A. In the exam-
30 ple situation, when the number of times of opening the
elevator doors is minimized, the passenger arriving at
the floor exits into lobby A, and into lobby B when
the elevator stopping time is minimized. After one of
the lobbies on the floor has become congested, the
35 passenger arriving on the elevator can be guided to

the less congested lobby, thus avoiding further con-



25 exanpl e situation, a passenger is arriving at a floor on elevator 3 and
si nul taneously a passenger call has been entered fromtermnal "ID 1". In
t hi s sit aiDI0s07440%3 he el evat or door best suited for the passemgsvoocal | s
t he door of elevator 3 facing |obby A In the exam 30 ple situation, when
t he nunber of tinmes of opening the elevakor doors is mnimzed, the
passenger arriving at the floor exits into |obby A and into | obby B when
the elevator stopping tine is mnimzed. After one of the |obbies on the
floor has becodesebhgestied, a1 rRABS FIBIBAEEF AN ey ofLEREeterevd@@r can
be guided to thellegssisopvgested | obby, thus avoiding further con WO

03/ 074405 PCT/FI 03/00144 13 gesting the already congested | obby by

el evator con- trol decisions. In the elevator group control system of the
invention, 5 Tthethanbgevatorogteual centabilveystam alfsdhee idatertion ned

when si ngl e degk eh%%%‘}r Softf &gu3ed. o ir@ef t oS Logl afﬂ}’ssé engaéeeéjexon door

and | obby all ocation, be- sides the eva rout es, SO necessary
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account in the generati on of ch ronosones contail ni ng genes, |.e.
el evator routel- The use of two landing doors incfedses the number

of potential passenger routes. The number of potential
15 passenger routes in the elevator system reflects the
difficulty of making good and reasonable control deci-

sions in door and lobby allocation.

In the control algorithm, the elevator routes are
20 formed on the basis of the hall calls issued. In con-
trol wutilizing genetic algorithms, unallocated hall
calls are taken into account in the generation of
chromosomes containing genes, i.e. of elevator route
alternatives. In door and lobby allocation, the posi-
25 tion of the gene in the chromosome specifies the pas-
senger or the passenger group, at least some of the
initial data for the members of the group being simi-

lar to each other.

30 In the elevator group control system of the invention
based on door and lobby allocation, the number of pas-
genger calls to be considered in the encoding of genes
is determined both from the manner and instant of as-
signment of passenger routes and from the instant of

35 assignment of elevator routes. As a result of instant
decisions regarding the elevator door and car to serve

the passenger, the number of calls to be taken into



alternatives. In door and | obby allocation, the posi 25 tion of the gene in
the chronpbsone specifies the pas- senger or the passenger group, at | east
sonme of twe o3joni4b3 al data for the nenbers of the group beiPog/Ro3moi44l ar to
each other. 30 In the elevator group control systemof the invention based
on door and |obby allocation, the nunber of pas- senger calls to be
considered in the encoding of genes 1is determ ned both fromthe manner and
i nstant of as- signnment of passenger routes and fromthe instant of 35

assi gnment of etevanbr inpareslAxtonr esuitrof destsdnn dendshonsmaédar di ng
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| obby. After tbe deésiiheténbidtobbpskds diecefloassbgded,oldbdie abLobation,

el evators suitﬁg to serve the.hall call i.s_ 20 quycq%ig Qﬁgvators of

t$e
more than one obBbires are Stited1d serve reovpeasséflger carte ifn tfir's case,
t he signment of the elevator door and car to serve the
passenger if the passenger is at first only informed
15 wvia a hall call input device placed in the elevator

lobby.

After the destination lobby has been assigned, the
number of elevators suited to serve the hall call is
20 zreduced if the elevators of more than one lobbies are
suited to serve the passenger call. In this case, the
number of elevator routes to be examined in the con-
trol system is significantly reduced. In the elevator
group control system of the invention based on door
25 and lobby allocation, personal hall calls again in-
crease the number of elevator and passenger routes to
be considered. In the elevator group control system of
the invention based on door and lobby allocation, some
of the computing time is used on determining the des-
30 tination lobby for the passenger if several elevator
lobbies are able to serve the passenger call. The num-
ber of elevator calls to be taken into account in the
control decision making process i1s also dependent on
the locations of the call input devices in the system
35 1if the destination elevator door ig only assigned af-

ter the passenger has arrived in the lobby.



nunber of elevator routes to be examned in the con- trol systemis
significantly reduced. In the elevator group control system of the

i nvent i orwbageti4oh door 25 and | obby all ocation, personal PaalHi03g@id44s agai n
i n- crease the nunber of el evator and passenger routes to be considered.
In the el evator group control systemof {hge invention based on door and

| obby all ocation, sonme of the conputing tinme is used on determ ning the
des 30 tination Iobby for the passenger if several elevator |obbies are
able to serve fHe .passenigeraldgds The mimlietich epévaioor cahds liodkye

taken into acceunioddtildie i€0BhT ghe98ehs Uy JrRkl LIV REERS £S5 8h80in-
dependent on the locations of the call input devices in the system35 if

the destinati oV S&%W&R-or door is only assigned af- ter the passenger has
arrived in the | obby. WO 03/ 074405 PCT/ FI 03/ 00144 15 Fig. 2 visualizes the
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going to serve m ng the passenger
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present lnvent |sQaﬂ:vet hﬁlﬂaaﬁersemg,erlﬁﬁgﬁmm@ hawe ng&egt\é%hla%h @estdrrat i on

floors ser ahJOquv(% i nst eaﬁ %he contr ol s- temtakes

care that f% \ia;]t CRtedid Yo 25T lﬂﬁrpﬁgggﬁﬂw i £Ot RE™M&- evat or
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Ecc ng )

of el evators. pr ésent ‘I nvention prior art;
arrangenent isare served by each elevator; instead, the control sys—

tem takes care that the right elevator is offered to
15 the passenger if the elevator journey consists of sev-
eral stages and stops at different floors. As 1is
known, the aforesaid sky lobby floors are tradition-
ally used for changes of elevators. According to the
present invention, unlike prior art, an arrangement is
20 proposed wherein the passenger is informed immediately
in connection with the terminal call as to which lobby
is to serve him/her and the elevator door assigned to
serve the passenger may be indicated to him/her later
in the lobby serving him/her.
25
Lobby allocation makes it easier to find the destina-
tion elevator door in large elevator systems, as is
visualized in the following Fig. 2. The example illus-
tration presents a system of eight elevators. Of these
30 elevators on this floor, elevators 3-8 are double-door
while elevators 1 and 2 are single-door elevators. The
elevator cars may be single-deck or multi-deck types.
A passenger can be guided from terminal “ID 1” (pas-
senger terminal) to the distant lobby C more easily
35 than to the door of elevator 6 on the side of lobby C.



20 proposed wherein the passenger is infornmed imediately in connection
with the terminal call as to which Iobby is to serve himher and the

el evat or woms/02885 gned to serve the passenger nay be i ndipcatreas/ooothi ml her
| ater in the |obby serving himher. 25 Lobby allocation nmakes it easier to
find the destina- tion elevator door in lgfge elevator systens, as is
visualized in the followng Fig. 2. The exanple illus- tration presents a
system of eight elevators. O these 30 elevators on this floor, elevators
3-8 are doubl eT#sorop@hatece| @fat ohe Tamidd asgstemgludidosrinat evasdrs. The
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ping time is minimized. After one of the lobbies on

the floor has become congested, the passenger arriving

15 on the elevator can be guided to the less congested
lobby, thus avoiding further congesting the already

congested lobby by elevator control decisions.

In the foregoing, the invention has been described by
20 way of example with reference to the attached drawings
while different embodiments of the invention are pos-
gible in the scope of the inventive concept defined in

the claims.



In the foregoing, the invention has been described by 20 way of exanple
with reference to the attached drawings while different enbodi nents of the
i nventi orwarog/opass sible in the scope of the inventive comrcEfFioddeissned in
the clains. WO 03/074405 PCT/ FI 03/00144 17 CLAIMS 1. Method for the

al l ocation of passengers in an ele- vatorjgroup conprising several elevator
| obbies and 5 nulti-door elevators, in which nmethod each passenger gives

hi s/ her destination floor by neans of a call in- put device, the
passenger's st &4 and destination floors being thereby defined,
characterized in that, 1in connection with the passenger's destination
floor 10 call, an elevator lobby is allocated first, whereupon an elevator

door is allocatied.Mexhddkthed Bheordilnbgateotl aifngasshiaracd erhzed knethat,

if the passeng%%g s t9 be sg&yed:P ..a multi-deck gle- 15 %?%)L car, the
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the el evator dodrti-Slodvet dbevaccosdi g twhithai methodr €clthanasteagiezed in

20 that the pa gge%g;hiibs;/}géé %@é&%é%ﬁf&@y%aggrﬁ%%gstef geﬁgﬁlhaw_her by

a heuristic net . genetic ocation ' i N such manner that
- the el evat or Fdut ésvige. enbisderpssrroer t #r saeirvénoc andodestinathen

required data regand Ndelhs €heVa1y2%adPInd@bbicas rakelioual Ofn deprs  and
el evator cars for the passenger being stored in a gene of the chrono- sone,
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and the besd oreldnOngh t8ESEatSrSeobBQ liecterhodtkd hatrstt henpasspager s

I ndi cated by t@Sl%ﬁ%&a%%&p%gﬁgn%éa%ﬁlocated.

2. Method according to claim 1, characterized in that,
if the passenger is to be served by a multi-deck ele-
15 wvator car, the elevator to serve the passenger’s call
is allocated after the allocation of the elevator

door.

3. Method according to claims 1 or 2, characterized in
20 that the passenger is allocated to the elevator car to
serve him/her by a heuristic method or by a genetic
allocation method, in such manner that
- the elevator routes are encoded into alternative
chromosomes, the required data regarding the eleva-
25 tor lobbies and elevator doors and elevator cars for
the passenger being stored in a gene of the chromo-
some, that
- utilizing genetic methods, alternative chromosomes
are developed and the best one among these is se-
30 lected, and that
- the passengers indicated by the best chromosome are
guided to the elevator lobbies and elevator doors
and elevator cars represented by this chromosome,
and that



guided to the el evator | obbies and el evator doors and elevator cars
represented by this chronpbsone, and that WO 03/ 074405 PCT/ FI 03/00144 18 -
t he el evaworoslootabi es and el evat or doors and el evator car ®Crrao@iead by the
best chronbsonme are caused to serve the passengers stored on said
chromosone. 5 4. Method according to claiugm 3, characterized in that the
chronosones are so forned that the position of the gene in t he chronosone

defines the identity of the passenger, th e or el the gene
defines the efe&ory e&wra&d’]%tleﬁﬁata&fo‘%& e‘?/"%ﬁ oatn fe‘ffbt o serve

the passenger. 5.caMVet hothiaecosdling tbeabysaneh@bmls@nm ake czb,usﬁhhrto

acterized in that the ne cont ai ns several aci\]}e d;ga(tlﬁé/es as | ong
as the geneti c alSgEri S PITERIHE Fite t accor Ing to any one of
claims 1 - 5, char- acterized in that the eI evat or | obbi es and el evat or

doors and ef evat of, ¢ars a55).9nad,d O PIASSENGCHS LG 2R DUSchat

all ocationccyclfésare store ronosone as genes whose allele is
unchangeabl e  ahder epremseaprest hueelsev fasmeado bR tarfdh e 1Rk orodor i

el evator car ggﬁsa% alhacaterohdsbhe m&wrma&s Taeddet hpd odccendi ng to
any one of cla 6, char- acterized in that enetlcalgcatlonls

performed in BR2EACREPHel anfr GREWNEAN SR e XecitiS © OHTRT NS HRE®

el evator | ObbYtﬁ@d e@le%%b(i’f 1HKHy a&tﬁheéﬁéahabrcaiboxselrﬁtt@liexfaﬁoﬂ heaxr
passenger, who w | i ded as a 30 passenger allocated to an el evator
havi ng t hi’d el &9as eFB? ggﬁb?’"ﬁﬁﬁ“@@&/at or door and elevator car. S. Method
according to any one of clains 1 - 7, char- acterized in that, after the

genetic al gori Lhmfgs L3RR EheBYeCHL! ve Wikdinkall s ag degalkng
uncti on,
acterized in that the gene contains several allele al-
ternatives as long as the genetic algorithm is zrun-

15 ning.

6. Method according to any one of claims 1 - 5, char-
acterized in that the elevator lobbies and elevator
doors and elevator cars assigned to passengers during
20 previous allocation cycles are stored on a chromosome
as genes whose allele is unchangeable and represents
the elevator lobby and elevator door and elevator car

already allocated to the passenger.

25 7. Method according to any one of claims 1 - 6, char-
acterized in that the genetic allocation is performed
in a GA kernel, from which an executive unit obtains
the elevator lobby and elevator door and elevator car
selected for the passenger, who will be guided as a

30 passenger allocated to an elevator having this eleva-

tor lobby and elevator door and elevator car.

8. Method according to any one of claims 1 - 7, char-
acterized in that, after the genetic algorithm has
35 stopped, the executive unit calls a decoding function,

whereby the elevator lobbies and elevator doors and



whereby the el evator | obbies and el evator doors and WO 03/ 074405
PCT/ FI1 03/ 00144 19 elevator cars indicated by the best chronosone are ob-
tai ned frwmoshe® kernel, to be entered into the el e- varon/Hi@si@ifi el ds
for unal |l ocated passengers. 5 9. Method according to any one of clains 1 -
8, char- acterized in that two or nore paggengers can be han- dl ed together
by a single passenger group gene. 10. Method according to any one of the
preceding 10 clains, characterized in that, after one or nore |ob-_ bies on
a given floor RARPSLofRTongedterited Hay phlde BenfeFhaPrPePRg 8HearP-

el evator is guiddgehdd amdhecrkalda kapud1 devs CBet BnBel-e8sifioBgestedikobby.

15 11. Method accordi to .any.  one of t receding clains, characterized
inthat, in a d éirag_x?atfd'req%gy Qé?nuéﬁtp'ﬁrcf%ar dGtbiidot- el evator cars,
passen- gers are guided to the | ess congested | obby.
5 9. Method according to any one of claims 1 - 8, char-
acterized in that two or more passengers can be han-

dled together by a single passenger group gene.

10. Method according to any one of the preceding
10 claims, characterized in that, after one or more lob-
bies on a given floor have become congested, the pas-
senger arriving on an elevator is guided from the call

input device to a less congested lobby.

15 11. Method according to any one of the preceding
claims, characterized in that, in a group elevator
system comprising double-door elevator cars, passen-—

gers are guided to the less congested lobby.



