"DOOR CONTRCOL" the present invention relates to an apparatus ;ZL\} Eiﬁi{
controlling the operation of an automatic door, or a door con I ng
system_.A typical automatic door system has a door coupled with and driven

by a\bel't: extending froma drive pulley to 5 its driven pulley. The

drive

ley is driven by a reversible notor” 1 Controll ed rotation of the

reversi bl e notor provides automatic opening and closing of the door. In the
Japanese Patent Public Disclosures 19366080 CANBRREI82/81, there is

di sclosed a prior art apparatus for controlling such a door 10 system

whi ch enpl oys, as neans for tracking the novenent of a door, a revolution
nounted on the shaft of the door drive notor for generating signals

sensor

i ndicating the nunber of revolutions of the notor. However, the above

sensi|1g of the door 1 t ifvéHis %ﬁ r°l%9§g t5C4n & gS%Fé%Gg noriﬁr @g

i n the transm ssion ITE anlsm rom

exanpl e,
transm ssion mechanismin the formof, for exanple a belt which’extends to

a drive pulley and/mrtipiGREnamhemdtnuedpukleysﬂém hasdaadbekt coupeadi ng
fromthe drive pulley and its driven pulley. Such slips introduce an error v
bet ween t he Wit eandotriyeriby on belitt axtending fivem podrivenpulbeg tbght

resul t

in collisions of the door_against its_counterpart or a wall, or
st oppi By of tH® %bvefbe%}%eyf rBaehdsivespuliekeigndriyen by a reversible
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e notor to the door to b H'?  For
a sl i ptidBpbid@an AFCHA SakehyeRNabde, shaf luosf ’Iohgrmtlgé F38ef,

‘Patent Public Disclosures 19366/80 and 28982/81, there is
disclosed a prior art apparatus for controlling such a door
system which employs, as means for tracking the movement of
a door, a revolution sensor mounted on the shaft of the door
drive motor for genérating signals indicating the number of
revolutions 6f the motor.

However, the above sensing of the door movément is an
indirect one, and ignores the error in the transmission
mechanism from the motor to the door to be driven. For example,{_
a slip sometimes occurs between the shaft of the motor and a
transmission mechanism in the form of, for example, a belt
which extends to a'drive'pulley and/or between the drive pulley
and a belt extending from the drive pulley and its driven
pulley. Such slips introduce an error between the sensed
door position and the actual door position. This might result
in collisions of the door against its counterpart or a wall,

- or stopping of the door before it reaches'its stroke end.

Further, continued running of the motor occurs when the




to be short-tine rated. In general, an automatic door should be
decelerated to 5 a | ow speed before it reaches either of its stroke
so that-~the door will have a snoothed stop action at the stroke end to
prevent hazard. For this purpose, it has been practiced to deternm ne an
optimal braking torque and an optinmal dec&leration point on 10 t he. basis
of the door weight and the nechanical sliding resistance of the door. The
prior art cohfprBFmigsiem maghapish geel| 28a2i Peltwis PuphysThis|will burn .
posi ti oned a% t he determ,ped decel eration point._The, output signal_of the
switch i s ustBetBOERF: ERiLAcSipCechhe BAFAL nEgh dHERtRGRIART o drsigned
a reduced spged515 nngg .Fbmevgr the sliding resistance of a door 'not
only depends 8n feﬁB@F THHBE BRGe%t nd pressure agai nst the door but also

varies wth tinme due.t as_ de L0 i | hey door .
This | eads to vari at Poﬁgﬁlggg%bt Iaﬂﬁﬁ%ﬁ%c?xﬁé?%% @%‘%u %i&'e%%?%%%%reér%?q gﬁ’
point . _Ehergl 96§, spled! 88Fok8 I BbdtRe8 ePPhesPbe PEEL OLEBOEE Qiad o dafie
the prioi art systems would require a troublesone nanual adjustnent by
reposi tioni ngheh@o8eCRielahhvd &Veh68tABANsEEp ! dctién PRt Ned SOBkEEAT to
ti fre-the sliding resistance of the door changes. In actuality, repetitive
25 adj ust nppevent Hagararation point follow ng the change of sliding
regi Stance are too nmuch trouble for an operator to do. Thus, an optinal
performance of the Boor thhsopygbpasegxitnhas beer pfagriced! tondetedwine an
obt ai ned. It is_believed possible by nmeans of the present invention to
provi de an appiimadsbrakipgnt torguegand antophinal ddeceleratidn poinheon -
t hat’ t he detected position of _the door coincidences . .

10 the basis of the door wéight and the mechanical sliding resistance

of the door. The prior art control system;employs a decelerating
switch physically positioned at the determined decéleration
point.” The output signal of the switch is used to switch the
system from a high speed mode of operation to a.reduced speed

15 - mode.. | |

Héwever,'the-sliding :esistance of a door not only depends

on temperatures and wind pressure against the door but also
varies with time Que to such as deterioration of a guide-raii .

(% for the door. This leads to variations in optimal brakiﬁg torque

20 and deceleration point. Therefore, in order to maintain an

.optimal performance of the door the prior art systems would

«f

require a troublesome manual adjustment by_fepositioning the

decelerating switch mbunted in the path of door each time-the-_

sliding resistance of the door changes. 1In actuality, repetitive
25 adjustments of deceleration point following the change of

-éliding resistance are too much trouble for.an operator to do.

Thqs, aﬁ optimal performance of the door through an extended .

time of period cannot be obtained.



~accurately with the actual position thereof. 5 It is also believed
poss&Q{e by nmeans of the present invention to provide an apparatus for-*
contyahl ing an automati ¢ door which assures that any danagi ng collision of
-~-the\§opr is avoided so that the door is noved snoothly between ends of its
str It is also believed possible by means of the present invention 10
to provide an apparatus for controlling andautonmati c door which prevents
overheating of the notor for driving the door by stopping the notor in
cases where the coupling between the notor and transm ssion neans in the

formof, for exanpleg, belt is disconnected,_ 15 It is also
bel i eved possi bl Héla‘r?é'e‘éfm?ﬁ 16 B¢ ARENS r‘?\?e’f]h% BFeSEAt pryEde™atP i npr oved

t f Hﬁl' he openi | 0gi f ' d t
apparatus for_c r e Lopeni anRd cl ogi oQr. c 0€s no
i re any EsrRBR e shiiable SRR DIforiifo dr0Siafle Boi3h JhT . “oen
and whi ch capadRirniEtNtd ePddtB! pdRSEIHY BRNGE Gor! BSindOGnceRer ation

i rrespective of 20 . wvariations in the weight and/or sliding resistance of
t he door. |t atsuratsly hetH enedicRossipbbitioy trHeassr.of the present invention to
provi de an apparatus for .,controlling the opening and closing of a door in
such a Banner that ishelstobeligvedaidssibleyby eneapsiuifetiee presenti iriventidni ne °
whil e providing a safety operation. 25 - According to.a first aspect
of the presetio Aravida porepPemrius for peotriodbingasn Aupematiosddogruhicht rol | i ng

t he operation of an automatic door conprising: -4- an electric notor;
reci procal | y2R9FEB| dagr v Hﬂ“ar%aglsc"l]ré’fﬁi*&ﬁi‘?fa%h?/ 408t piSe@YWYERA S%ai d not or and:

direct]y couphed Lo 1o AoglicPSRsling, TRARLRROBFL Lolatlye to S0

It is also believed possible by meéns of the present invention

10 to provide an apparatus for controlling an aufomatic door which
prévents overheating of the motor for driving the.door by
stopping the motor in cases where the coupling between the motor
and transmission means in the form of, for example, a belt is
disconnected. ' .

15 It ié also believed possible by means of the present invention
to provide an improved apparatus for cdntrolling the opening and
closing of a door which does not require any switches or dogs
phyéically'positioned relative to the dnqr, and which can maintain

an optimal performance of the door operation irrespective of

M

20 variations in'the-weight and/or sliding resistance of the door.

It is-also believed possible by means' of the present invention
to provide an apparatus for controlling the opening and closing of
a.door in such a manner that the door operation cycle complete in
a minimum time while providing a safety operation. .

25 According to a first aspect of the présent invention, there is

provided an apparatus for controlling the operation of an automatic

door comprising:



5 . for generating pul ses having a pulse repetition rate which is
directly proportional to the linear velocity of the novenent of the
reci procal ly novabl e driving neans; door position detecting nmeans
electrically coupled with said sensing neans for counting said pulses to
obtain.the current door 10 posi tion; and control means responsive to the
obt ai ned current door position for control”l#my the operation of said notor.
Preferably the above nentioned control neans includes neans for providing a
decel erati on point associated with the door 15 operation, means for
conparing the curreng_ ollﬁg% ﬁ85$§tiogn with the deceleration point to generate
a | ow speed conmand upon the col nct dence t herebetween and pass it to speed
control smeans for th PEA : ' 4 b h of

t he -doom\ﬁubj ect to \f/!%drilagfp‘faé%s I n-étt’ éejefrec%gﬁécaglg -'%gﬁﬁrhcigginyegf%e oor,
nmeans for 20 St indtbraadt efRdcRLidbagléth nghe ddu;speed run-1ength over
whi ch the door is to run at a | ow speed until: it reaches_the end of door
stroke (full qpen orseisisgieans niispesedsrdlativoito estidnpviahke deielngr mganen
point by utilizing the nmeasured variable run-length and the optimal |ow
speed run-| &ngt hfor- gemerating pulskschauina Polse seprhidies pate wbich e
invention there is provided a _door controlling system conprising a door,
means for drivingireskly aseportinainthdhfedneahdelenitytaf she gexeranti oy final
nmovabl e transni s€i on _neans direct EY%ICOUIOJ ed to said door, and speed

control rmeans -f of " ORTPEPFRLTY To¥RRLYATIY g WRRISE in such a manner that said -
d ill be initial | . . i d ..k h
oor w11 be'in1 1o komgeel o o e i AL RS g

a Righ speed, then bé de erat run

stop at the ot heferRRRy Headfirdr duRKEhg EAUS pBlses t& QBPART bW cBPfent! hse
operation of said door, the speed control neans

10 position; and

(8}

control means responsive to the obtained current door position
for controlling the operation of said motar.

Preferably the above mentioned control means includes means
for providing é deceleration point associated with the door

15 operation, means for comparing the current door position with the
decelérétion point to generate a low speed command upon the
coincidence therebetween and pass it to speed cqntrol.means fqr the
(O motor, means for measuring a variablé run-length of the door subject

to variations in the mechanical condition of the door, means for

0

20 setting a predetermined optimal low speed run-length over which
| thé door is to fun at a iow speed until'it reaches the end of door
stroke (full open or closed), and means for correctiné the
deceleration point by utilizing the measured variable ruﬁ-length
and the optimal low speed run~lengtﬁ.
- 25 Accurding to a second aspect of the invention there is
provided a door controlling system comprising a door, means for
driving said door to rum between ends of its stroke having final

movable transmission means directly coupled to said duor; and speed



+ conprising: sensing neans disposed relative to said final novable

transm ssi on neans for generating pul ses having a pul se repetition rate .
whi c@ direction proportional to the linear velocity of the novenent of
-said final transm ssion neans; door position detecting neans for
countihg said pulses fromsaid sensing neans to obtain the current position
of Said door; neans for providing a_ %cel eration point associated with said
one stroke operation of said door; nmeans el ectrically
coupled with said speed control neans for conparing said current position
of said door with said deceleration point'to generate a | ow speed command
upon t he eRLAAI fesHEeFef coatibliitg eaid @PSingoneanst h sactd adeareleer giaton poi nt
so that said speed control neans will decelerate said door toward sai:d | ow
speed in sald dooresiidnise inbtidiéy genelerated fobm smedendowf sypéddsteokemnd NJThe
present invention will be described by way of exanple with reference to the
acconpanytheg mhnaek gbighwseeasl.nthenpg degelaraged,c iB#mrHe &nd ¥ock di agram of
an automatic door system enbodying the g@desent - invention; Fig. 2 shows

part of tsrﬁ’ée%yﬁénﬁll“ﬁlbi gron ki s Prhan Qfs??ééds%h?r dﬂhuﬁf a notor for

driving the doq Fi g Spe tiy V|e asens ngement which 5
sensts t HO™ ﬂ'g%lﬂg BE 3trc?FF\ﬁpr?§g%t fglsPé {9° 1‘t:ouﬁlse‘:’ ewﬁqn %‘ " dor; Fig. 4
shows a ci '“yi%ng1 agram of a speed sensing and direction determning

circuit; Fig $ a tining chart of the operation of the circuit 10

shown in Fig.sghsing means disposed relative to said final movable transmission

.

means for gemerating pulses having a pulse repetition raté which is
direction proportional to the linear velocity of the movement of said
10 final transmission means;
door position détecting means for couhting said ﬁulsés from said
sensing means to obtain the current positibn of said door;
means for proQiding a deceleration point associated Qith said
| one stroke operation of said door; and
15 ~means electrically coupled with said speed control.means for
comparing said current position of said door with said deceleration
point to generate a low speed command upon-the coincidence of said
current position with said deceleration point so that said speed
control means will decelerate said dbor toward said low speed'in . TR
20 response to the generation of said low speed command.
The present invention miil:be described by way of example with
reference to the accompanying drawings, wherein:-
Fig. 1 is a schematic and block diagram of an automatic door

system embodying the present

-
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Fig. 6 shows part of the systemin Fig. 1 illustrating the main control;
Fig.- 7 shows a detailed block diagram of a nodification of the main control
shown in Fig. 6; 15 Fig. 8 is a graphical representation of the— <
door operation illustrating door running characteristics for different {
mechani cal conditions of the door; and Eig.-9 is a graphical representalts
of the door operation illustrating the concept of automatic correction of
decel erati ohin9entponpt. Fig. 1 is a diagrammatic view of an' entire door
control system A notor designated by Mis coupled with a drive pulley 2

t hrough a belt (notFigowR)showsapartivefi thegepstdm inbPig. 4 ekl bstsrdtriong
the drive pulley 2 to a driven pulley 3 and is 25 coupled to.a door -5 by’
nmeans of~a c8upPped aenttelcofTacmetorcfon duiving thel dewerse rotation of
the mot M w || proyi de_an openi ng and, cl osing of the .door 5. A tacho |
generator 7 in the F&8m 3f 18n2aPREPREFEIVE sview O A$eRSqY (3XFIRIGRATE YRich
produce an output signal which passes.through.a ctectifjer and ripple filter
Circurt Bt ooaBEsA.LHF BRELOB aBaacorevons Pt 8ectly eRitred it ine or
of such as a %,smﬁtch, a photoelectric.tube and so on is .5 adapted to
defect the aS%? 4ch of a person to the door 5.to produce and supply a

signal [err] to theg@gingc | 1] Leh i ) é:ﬁﬁr
signals to control Fgg'sﬁegg%gn ré?’%ggu#é‘?ﬁ é(‘}{rsi%/e %%ﬁ)r %1&
accor dance mﬁggeagigﬁpgéggghiﬁ§ﬁéc&igéuigg control - 10 system. there is
provi ded a door notion sensing neans 10 di sposed relative to the driving

bel t 4. The sensi ngrigans 18 apeimihyetdart of the operation of the circuit

10 shown in Fig. 4;
Fig. 6 shows part of the system in Fig._l'illust:ating
the main control; _ | |
Fié. 7 shows a detaiIéd:block diagram of a modification
of the main control shown in Fig. 6; | |
is S "Fig. 8 is a graphical.repxesentation of the door operatioh
illustrating door running characteristics for different mechanical
conditions of the door; and. _ .
- Fig. 9 is a graphical representation of the door operati;n
- - illustrating the concept of automatic corrgétion of deceieration .
- 20 point. |
| Fig. 1 is a diagrammatic view of an’ entire door coﬁtrol
éystem. A motor deéignated by M is coupled with a drive pulley.
2 thfough a belt (not shown) and a reduction gear 1. A belt-4
extends from the drive pulley 2 to a driven pulley 3 and is -
25 . coupled to a door 5 by means of a coupling member 6. Therefore,
a forward and reverse rotation of the motor M will provide an

opening and closing .of the door 5.

A tacho generator 7 in the form of an alternator is |
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produce a sensed slgnal I ndicative of the notion of the driving belt and
.suppl/kes it to the main control 12 through a speed and di rection detector .
11. The details of each conponent wi |l now be described. As

sho ' n Flg 2, the tacho generator 7 is coupled to a rotation axis of the
not or M and generat es an AC voltage in response to the rotation of the
notor M The generat ed voltage w | TrRrease and decrease in anplitude and

f t_high d o
oopoct | vergpian et BF e ot v nredie, S ionthtY A BIAD et i ode

Vo ?SSelf?g%?% 99%% B eyt “@erieeéfp% FTd °°-'='%ﬁf\£e£%&°é%’°t% obt ai n
a smoot heg, tha %Ge dTJE@ngéoh £ VPl t 308 S A NPr 'gdfn 1O
ona spe ed 1

the rotati e not or s "suppl’i 0 t he 'speed con{yol

Circuit 9ofTHEcRPESUa CRAE N Sri€khSUbip &tmé@@ﬁ@%&r@rﬁa apploprgy i filer 15
adapted to anplify the different! al voltage bet ween -7- the out put

vol tage [gaaptéd oEd!detéecE! the eipprsach N9t ca fpddsin Gid Ald dbad acset
voltage of [err] or [err]; [err] 1ndicates a pre- determ ned high speed

whi | e [erptoduedlandesuppbyeaiec:bgmh | oV tipeeauain dontxrdlp Wl ofhitdhe: ®
operational anplifier 15 is 5. connected to a speed control pulse '
gener at or in7tuxapvill t gegeratet coptreb ssignalks dral et na X thenespeed i t ude of |
the signal fromthe operational anplifier 15 and supply themto first and
second ANEPgtrel ¢irepitn® terdyive fphepretew dhael anplifiéer 18 conpares the
out put voltage V1 fronlthe rect fler and r| le 10 filter circuit 8 with
the set . voltage R ¥FFSFAIRCE ¥ HardR HBROY %ﬁ‘él&?ﬁf%’f I R eReDEReLy o taée/

[err]L becorres heniJ he&hé@é”mé%rovzded a door motion sensing means 10 disposed

relative to_the driving belt 4. The sensing means 10 operatively
produce a sensed signal indicative of the motion of the driving
belt and sﬁpplies it to the main control 12 through a speed and
. direction detector 11l. . '
15 The details of each compcnent will now be described.
As shown in Fig. 2, the tacho generator 7 is coupled
to a rotation axis of the motor M and generates an AC voltage
-in response to the rotation of the motor M. The generated
voltage will increase and decrease in amplitude and freqﬁency asS\j
20 the motor M runs at higher and lower speeds, respectively. =
The rectifier and ripple;filterfci?cuit 8 comprises a
diode.bridge 13 adapted to provide a full-wave rectification
of the output voitage from the tacho generator 7 and a ripple
filter 14 adapted to obtain a smootﬁéd DC voltage_vl. The
25 output voltage'vi_is in proportion to the rotational speed of
the motor M and is supplied to.the speed control circuit 9.
'The.speed;control.circuit 9 includes an operational

amplifier 15 a'.dap'ted to amplify the differential voltage between



set voltage. The braking signal is applied to a third AND gate [err] a
al so-to'a braking pul se generator 19 which responsively produces brakfi ny
pul ses and applies themto the 15 third AND gate 16 A stop signa
is used to operate a stop swi.tch 20 so thaz the output voltage [err] is
grounded. A signal Rindicates a forward rotation of the notor Mand is

supplied to t fi N [@rr L gn C r

rotation of 't @%‘S’E’% u‘& gﬁgelégesgéph:gﬁ téggt ecé:g%%‘]ﬁ% m%oﬁ\ﬁ%?r] .
The output sighalcuit 8MahBCal bee! v81Eag8CERIvNGY 00! £5v] Ofddii\hd U 'grell €
connected to first and second OR gates [err] Bnd [eFr],Hrespectively.” The

out put si gnal detetmihedt higth ApBegaihile Vﬁnﬂﬁ_ﬁiedtéﬁ Popreddremirda and
second OR«gates [err] and [err]. Thus, whett the forward signal [err] is
gener at ed,, 25 lows speeédconThel optipaésofr thet bpepatsenak reempl Ofi Yy Yds

t hrough the enabled first AND gate 161 and the first OR gate [err] to a
gat e el ects-odeoBnegtted tior 8t spepdccpotrplfi pulsergeneratentlbradgpted et or
M On the other hand, when the reverse signal -8- is generated,

speed controlq&ﬂ%§§§efPU%FFHe1BuP§G°§€ﬁBFStU?tﬁséé%s§mE¥ﬁ§HEﬁfQﬁmihﬁuﬁﬂﬁﬁfl
d AND t d th d. . ., gat t t | . G
of o second  AES (b, PBEsRtTeBaLoRuPaIaLeE 151 il shoRfy ek HE Gazkic Ana
th t M5 ' kvel . hi th
O M el A 18 SEhACLbLE Taf Ul gl SEEECESR! Y, {1
the acti Val | ORohibalds $heP clibENyadchlel 9SPEPGR Ll | FecEi Ofls IR r SH1

that the door 5 corresp ingly nmbve &t a high or | ow speed. and w ||
be‘stoppedy filter cil@uit 8 withFiHe geﬁhGMtétgeeﬂbW“ nentv.ofaid eyefddaties

sensi ng neans 10 disposed relative to the drive belt 4 %irect#y coupled to
a braking signal when the;voltage vy becomes higher than the
set voltage. The braking signal is applied to a third AND
gate 163 and a;éo to a brakiﬁg pulse generator 19 which
responsively produces braking pulses and applies them to the

3+ A stop signal st is used to operate a stop

15_ third AND gate 16
| switch 20 so that the output \ioltage,Vl is grounded. A signal
R2 indicates a forward rotatiqn_of the motor M and is supplied
to the first AND gate 1517 A signal R, commands a revefse
. rotation of the motor M and is supplied to the segon& AND gate
20 162. The output signals from the first and second AND gates
16l and 162 are connected to first and second OR gates 211
and 212, respectively. The output signal from the third
AND gate is connected to both the first and second OR gates
21l and Zlé. Thus, when the forward signal R, is generated,
.25 speed control pulses from the pulse generator 17 pass through
the enabled first AND gate iGl_and the first OR gate 21, to
a gate electrode G1 of a fi:st triag 221 for fdrward rotation

of the motor M. On the other hand, when the reverse signal R3



t he door for generating a signal indicative of the notion of the drive belt
4. Thexillustrated sensing neans include two optoel ectronic couplers €ach,
haviEﬁéﬁn optical path across 15 the width of the drive belt. The first
optoet-€ctroni c coupl er conpri.ses a first light emtting device [err] and a
first I'ight receiving device [err] aigned with the |light emtting device
401 along a first light path [err]. Simlarly, the second optoel ectronic
coupl er chapgesesatedpcepeed i cpnterl tpulkspsicinam the 43 sengeaesatondlli ght
receiving device [err] in alignment with the light emtting device [err]

al ong a spasadthrgughpthe ¢rabled mrcond ANR gate &6, ange|they segopd.
synchronous or tinping belt having evenly spaced teeth 4T qn tg bott om
surface tHBregte 3hg B?‘t%kﬂ%%?v%g?‘f’%ﬁ')‘]’da%eﬁn L& Peconge S5 ?ﬂ)y P 25

As shown i_n Fi

.3 he, fj [ | ' d_f N
second opt8El EgY?ﬁﬁ?tcr‘gBﬁﬁéﬁt’ ‘g tlggéﬁ?g%ﬁg 13:&}_ upng'{atrﬁl{’zer?fﬁr%g’%t fng?\:%g:‘%e

cond opt B8] EX CBEpt . L% i i
ol corog af PoheRofiehlEalbbyEctvdil rud B d W Soed EREE he B
Leelh of vhsclgb gm 8414 asgyoplis 664 by Dald workhde vy apd ey (0, 1, 2

: Alternatlvely, the di stance may be sel ected at LI Pxn- P4 1In
ot her wor ggakklebyi the 2OLOCAELOR OHE CtEOUPtay swittl 20 in reaspaemenitoh the

second optoel ectronic coupler by ninety degrees in terms of cyclic profile,
defi ned byhehetbeesiignélt 8T soi vkatethe stodhdi wilkdh ddrrespondinglyhmoyet h
422-of the second optoel ectronic coupler is aligned with the center 4b
bet ween a@itaechigheerhlovhspéedsandwikl e retorrPechupl er is positioned 10°
at the boundary between a tooth and a, space._ As shown in Fig. 4, each of o/
the 140ht enitti Fd9dedi 8BQws an embodiment of the motion sensing means
10 disposed relative to the drive belt 4 directly coupled to
the door for generating a'signai indicative of the motion of
the drive belt 4. The illustrated sensing.means.include two -
optoelectronic couplers each having an optical_path across
15 the width of the drive belt. The first optoelectronic coupler
cdmprises a first.iighﬁ emitting device 401 and a first light
receiving device 411 aligned with the light emitting device
40, along a first light path 42,. Similarly, the second
optoelectronic coupler comprises a second light emitting device i\ /

20 402 and a second light receiving device 412 in alignment with

n

the light emitting device_402:a16ng a second light path 422.
The.iiiustrgted”dtive;belt 4 is a synchronous or timing belt ‘
haviné eveﬁly spaced-teeth 4T on the.bottom surface thereof.
The pitch between adjaceht.teeth is designated by P.

25 As shown in Fig. 3, the first optoelectronic coupler
is spaced from the second optoelectronic coupler by a distance
L along the direction of reciprocal motion of the drive belt

4. The illustrated distance L is selected at L = P x n + P/4



401 and 402 includes a light emtting diode LED as a |ight source. Each of..
the |ight receiving devices 411 and 412 includes a light activated or f O]
transi stor LATR  Qutput signals 15 fromthe first and second photo /
transistors are connected to the speed andgdirection detector 11. The speed
and direction detector 11 includes a first-one shot or nDnostabIe

mul t1vibrat or whdraapl B9 hel B UEhCBHQ+l§gnV\é§ﬂ 08 1iddin dpéxﬁo LA oal OF

and an inhibit term nal NH coupl e secon of tranS|stor

The detector Lur¥ase bmck:udearavéesemé O8fa ShOis Odn ’H}E‘&ﬁe%.b' myl tigvi br gt or
43 having an input coupled to the first photo transi stor V|a an |nverte

and an i nhi bi Alttermatdleliy thepltdtance hfagcsense Dhwted tatiNsi-stpo n Eaphry,
of the orfe shots 43 and 43 operatively 25 generates a single pul se

havi ng a\deflﬁht@tbﬁrawpudSunthesﬁmnsb opteebedtromic idcuplynitis e ofr
when there is a signal at its inhibit termnal INH this inhibits the
associ at e® on@héﬁétWﬂﬁbnﬁéénEFQPPﬂgoah9ebe¢tEDnlc cqnpléﬁubxnnqnﬁtyodebrehe

first one shot, 4% i s _connect to a_set termnal S of a f||p flop
bi stabl e mul t A% BEERSr © 5°Xﬁ§1FoPSﬂf+ﬁﬁLﬁe%¥n§i NOR he Sesth afe tél?t SEP-VG of

ip i op 45 Saxt: 8oathekerbEn o Bhererret w%ﬁféatsz%ef%@a# 1 g
oY SR EbELLER b EcTLbRR1 0" O TRYELIE N B I lfVarddhy paduRE"

fromi nput condi tions an gener es a si cative

g;r :cz1 |60(r; at iagaeuhRUteRth) SHEPEYrkt égtcf@feé@f&hf@%dﬂléél Q)%SN%OQ'I
Kg’ peratively produces a train of ses P1 having a pulse“repetition
-rat® in popoeti ehet bohhaay¢l Betwgenfatf6oth and a space.
As shown in Fig. 4, each of the light emitting devices
40l and 402 includes é light emitting diode LED as a light
source. Each of_the-light receiving devices 41l and 412 includes
a light activated or-photd transistor LATR. Output-signals
15 from the first and second ‘photo transistors are connected to
= .the speed and dlrectlon detector 11.
The speed and direction detector 11.inc1udes_a first.
one shot or monostable multivibrator 431_having an input
W coupled with the first photo transistor and an inhibit terminal
20 INH coupled with the second photo transistor. The detectorlll_
also includes a second one shot or monostable multivibrator 432
having an ihput coupled to the first photo transistor via an
inverter énd an inhibit terminal INH coupled to the second
photo tranéistor.' Each of the one shots 431 and 43é operatively
25 generates a single pulse having.a definite duration in response
| to a pulse at its input; however, when_there is a signal at
~its inhibit terminal INH, this inhibits the associated one

shot from generating any pulse.



door_drive belt 4. Fig: 5 shows a tinming chart of the operation of the

sp iand direction detector circuit shown in Fig. 4. 15 . When t he

dri%ﬁ elt 4 is noving in a direction as indicated by an arrow A (i.e. when
t hexdldor is being advanced toward its fgen position), the first and second

photo detectors [err] and [err] generate pulses occurring in a.period A as

h in Fig. 5 [t i { th fromt fad ! 20
[err] are odi of TBRaEBCRRFROGP| ban THESh e Y, 4 o SorRBleialier
b hngt y<d s g TS 110 '
posi L ve- BorRy FPERipLoR 4F FEFER; Ll ior DASPIRIRMERCor 43

Lerr], ongnaheb bA!EhpHENSEARCROR §abl £6 Pul ke Mok 2 d5f ienid e dur ation
at its output termnal 0. However, "the 25 second one shot [err] is~

i nhi bi t ed sakoRdSbaBabhbE #83 iBNebhheteedi €6l a fresegearamainaly RE pse at
Its output termnal 0. Thusy the NOR gate 46 selects pulses from the first
one shpt [ther fldpd f3opplhBEecaniheo another ninputoof rche NOR rgate (46. - flip
flop 45 is set by a pulse fromthe first one shot to generate, at its -
out put tefMen&Lip, faopi 45 bpecrtivehul drtermines|the Aixertiqe@hg node of |
the system operation gi.e. the deor is being advanced towargd, a its open
posi ti on) moyement of thgndepsecAyivingehelfed cFFom HRPYE £OEAHHAMY in an
opposite direction as indicated py.an grrow.B in_Fig. 4. (i..e: en the door,
i s aningaE@bHePGrPF§ScPo§égﬁﬁgi?/Bn}?g%ﬁgggY?s?fa%@esé%ééﬁf%ﬁﬂﬁua detectors
[err] and [er.r ener at e pul CUET LR+ r syshowshd wde 9- S.
In this cééé}t%hg ngeg %é gﬁﬁpgﬁ,ﬁﬁrgg 5§§e§?§§ TQEF ﬁave a phase | ag QD
ni nety, degrges 4rse'og>teweib@1 he-Bdbees hr ephificogepansedhp! onalpingtar 412,
Thus, % n response to each négative-going transition of putses

pulse repetition rate in prpportion to the velocity of the

door drive belt 4. _

Fig. 5 shows a timing chart of the operation of the
speed and direction detector circuit shown in Fig. 4.
15 When the drive belt 4 is moving in a direction as
indicated by an arrow A (i.e. when the door is being advanced
toward its open position), the first and second photo detectors

41, and 412 generate pulses occurring in a period A as shown

1
in Fig. 5. It is noted that the pulses from the first detector W

20 411 are out of phase with or léad.the pulses from the second
detector 412 by an angle of ninety degrees. Thus, in response
to each positive-going trénsition'offthe:pulses from-.the first
photo detector 411, one . shot 431'generates a single pulse having
a definite duration at its output terminal O. However, the

25 second one shot 432 is inhibiteq-by a signal to its inhibit
terminal from generating any pulse at its output terminal O.

Thus, the NOR gate.46 selects pulses from the first

one“shot_431 and. supplies them to thé.main control. Similarly,
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fromthe first photo detector 411 (each positive-going transition of p
appearing at the input termnal | of the second 15 _ one shot), t-he g€
one shot. [err] generates.a single pulse having a predeterm ned durat i\g
its out'put . term nal 0. However, the first one shot [err] is inhibite
a high level or.inhibit signal fromthe-s@gord photo detector [err] appears
at the inhibit termnal INH of the first one shot [err] 20 at the tine of
posi ti ve- goi'ddipr £Aopt 4Snisf sekebynpupuisgnfromhehet firshusndi sieabtdng t he
first one shot from being. Accordingly, the NOR gate 46 sel ects pul ses from
t he second o@énserateecat] i§8doutppti terminalt ©,t Achighnlevel rsignahiRe flip
flop 45 is regset by .a pulse fromthe second one shot to 25 gener at.e at

i ts output taPFERACiI¥e 9f| She epeninggmede of ngheasystemfoperationri fy.@nde
of the s¥stemop rationmﬁ%.e.. ahe doar I s mpving back to. its close
position). REPErPAPRY ASWPEIDE; gdvance éF@wPﬁG'ﬁagﬁscﬁﬂ?¥oP°§2t4%n)- -12-

il di - Wl h ' I i pcl ud d

posi 11 onSneasur i g FEEREEIRLTH ¢ MARRr hiBr SEATR| B8 At SRRELRBER R ses
havi-n [ ' B s LQE h - : ' .

movenent of CRECHSCE Broreich 48, thAlshlel By B AR oy UL S F hi- g 1

control 12 i gheanhal aserb1;%6%;5@0553@@&6&534c959¥igs G068 £ eyl £l st

selkectively generates a series o mrands and state stgnals to various
conmponent s i andNgeebhdophble HBtEcEsps’ @l 12ndn4 e +&£8 PETs 88 WEAEring
The main control 12 includes a door 10 ltroke setfer 25 for setting a
predet er ni nednval perdbdt Beast shsenofint REgdobl t Inbthigecdasdheti@opubiédke
setter 25 supplies the set value of stroke to the door position counter

: 10 from first detector 411 have a phase lag of ninety degrees

- relative to the pulses from the second phofo detector 412.
' Thus, in response to éach negative-going transition of'pulseS'”
from'the'first-photo detectof 4li (each positive-going fransition
of pulses appéariﬁg at the input terminal I of the second
15 one shot), the second one shot-432 generates a single pulse
having a p:edetgrmihed duraﬁion at its output terminal O.
However, the first one shot 431 is inhibited since a high
level or inhibit signal from the second photo'detector 41

2

appearé at the inhibit terminal INH of the first one shoﬁ 431

. 2b at the time of positive-going'transition of the input signal

thereto, thus disenabling the first one shot from being.

v

Accordingly, the.NOR gate 46 selects pulses from the second
one shot 432 and supplies them to the main control, while
flip flop 45 is reset by a pulse from the second one shot to

25 ' generate at its output terminal O;_a low level signal L
indicative of the closing mode of the system operation (i.e.
the doof'is moving back to its close positiQﬁ).

Referring now to Fig. 6, there the main control 12 is



23. Since a conplete cycle of door operation conprises a door opening
operation during which the door noves fromone 15 end of straoke (fully .
cl to the other end of stroke (fully open) and a door closing

op on during which the door noves reversely, the main control 12

i ncl'odes two channels one for handlinglghﬁ openi ng node of operation and

the other for handling the closi tion. the first 20
channl  adddusAEated 1A BRESHRr ABEERLng THRMAI T SPHRREY A A e

tter 26 f tting.a decelerati j f d t
open and A CBRBaPREGELPE PPoPar ba HaPRRG:? ot it et of SHieston 17 om

the count ehallell B EBGndcBELERE. bOMnRDLAY FEOMEREISF i proriug ar 1Y,

t he secon annel sSocr at edlw of oper.atien

conpri ses ¢ @ﬁ%eg%ééhi BF RRENtedthi8EaltRdvenrdne G IFE @UUE @Y iRAMYYr 282.
The main control 12 further includes a pulse interval -13- nonitor or

stroke engedet aGt orhddovbirallndpecatponsefathoundn daritrslirk2 nig pul ses

froman oscillator therein adapted to generate pul ses having a relatively
hi gh frequentyolled bguat stateusegupnters2éspsopideddthereiry wrishcycl e of
pul ses 5 [err] having frequency in proportion to the speed of the door.
Wien the selectiyelyygesepstescs geviesrof hapmmards candBratesigndsHul se
i nterval nonitor or stroke end detector 29 signals en the door reaches
the end oftostagieusrepmpepentsganeanf euFt of sthe JRR FIFH et &t idvel y 10

T et P AT R PR et Beb Y P ERLGRNE 0 05 e
the Qﬂ}pUEEQQkEP%égkgitZQOQBQrQEQEing a predetermihed value of the ~
stroke of the door to be used. The door stroke setter 25
supplies the set value of stroke to the door position counter

- 23. 'Since a complete cycle of door operétion comprises a
door opening operation during which the_aoor moves from one
15 end of stroke (fully closed) td the other end of stroke (fully
open) and a door élosing operation during which the door moves
reversely, the main control 12 includes fwo channels ong for
- handling the opening mode of operation and the other for
handling the closing mode of operﬁtion. Among the first -g&
20 channel associated with the door opening mode are é deceleration
- point setter 26: for setting a déceleration point when the door
moves fbrwaid.to open‘énd a comparator 281“for.comparing the
current'dodf position from the counter 23 with the deceleration
"point from-the sétter'ZG. Similarly, the second channel
25 associated with the door closing'mode of -operation comprises
a decéleration point setter méans 27 and é second comparator'
28,.

The main control 12 further includes a pulse interval '



[err] and a forward rotation command R fromthe sequencer 24 and a secnnd
AND gate [err] adapted to receive the output of 15 the second conpar for
[err]. and a reverse rotation conmmand R fromthe sequencer.24. The odt:
of the:AND gates 301 and 302 are connectedija-the OR gate [err] whic
sel ectively generates and passes a | ow speed command L to the speed- control
9. The out putmohitbe &R gttekéecend detedtor 2 miricid maye compriser BOtodfAter
to one input’ of a third AND gate [err]. The other input of the third AND

gate [err] isf@nnqeuntﬂngopuhsexzgpm@ drrogcildatiosd theredoeciadapttied tor war d
and reverse rotation conmands [err] and err] fromthe sequencer 24. The

third AND gat Ee§SFBE?|BB¥9e§e1h%Yh¥%sa peiealy highyfregeescyormihe H to
t he speed:.contr ol i of the main cgontraql 12 wll
now be dbscrlB@Hnt9ﬁeﬁ°?ﬂﬁssEﬁ%§ﬁs/9%1 q¥1§ (§Qﬁﬁﬂﬂb§@ﬁ GycaepLfsBHLEBSt he

24 gener abes a%§F§%§+8 SrShilRy L (prond TR Yo Frk snega” o Enz°d58RT |
in turn receiyggy aefib 88hnt géggﬁafe g%e@%?é{%ge%@w%% r%%m%@%hvgiue,

the door as set In t e stro sane t1ne the St

sequencer 24 ﬁﬁéeﬁﬁi% i‘nﬁ@?&a?ﬁﬁ‘&hf@oﬁ'&f‘%drﬁ{é lerlsC @R G 2 bgslﬁ_ﬁl_ﬁg@rd

rotation of 5 e notor) and supplies It to the speed control

signal R2 is fvhéhhﬁheSWflfélaélQeéhﬁhéléﬁd SR gadcgkelll and the third AND
gate 303 which, in turn, generates a high speed command signal H and

supplies it to the spéndltpntao¢a@esmir¢uittinapnnvided whizhc sledeatd velg
rup at "a high speed indicated b the command signal Hin a forward
di retti ok0i ndFepPdéesyhigh and ﬂ %E##ﬂuﬂpmeﬂﬂﬁ H and L toTikbe speeddoor 5-

will nove at a corrfsgondlng hlgh speed_toward jts ,open position
contro The illustrated gate circuit includes a first AND

~ gate 30l adapted to receive the output of the fl:st comparator
281 and a forward rotation command R2 from the sequencer 24
and a second AND gate 302 adapted to receive the-output.of
15 the.seéond écmparator 282_and a reverse rotation command R3
from the sequencer 24. The outputs of the AND gatesl30l and -
302 are connected to the OR gate 312 which selectively Qenerates
and passes a 1ow-speed command L ﬁo'the speed control 9. The
output of the OR gate 312 is also connected via an invertor
20 to one inpu; of a third@ AND gate 303. The other input of the
. third.AND_géte 303 is connected_to an OR gate 311 adapted to
receive the forward and reverse :otation commands 32 and R3
from the sequencer 24. The third AND gate selectively generates
and passes'a high'spéed command H to the spéed control 9.
25 ~ The operation of the'maig control 12 will now be described.
When the sensor A detects the approach of a person to
the door, it will generate a signal Rl; Responsively, the state

sequencer 24 generates a signal R, and supplies it to the counter



The novenent of the drive belt 4 in the direction A (corresponding to the
openi-ng direction of the door) is 15 detected by the notion-‘sensor 10
i@éghding two spaced photo transistors which generate first and second
tX@'n of pul ses having a phase rel atiogghip determned by the direction A
of the belt novenment. Thus, the speed Ead'direction detector 11 determ nes

h h it .
PRI+ g el s "‘c%r%"%%c@ yed GPERoRAY! 1halcaline 0E 2 BPldEathined
mode of Orge&%f;e l'}lengl;:'ht her thteha seesg 28¢ ghr eRbl QErQﬁ&eﬁé{?Ee:.112§e| ects the

first train o fromthe |rst photo transistor and supplies it as a

train of pulses E&Jt tehel Ramel @dlhel,NRHe &RatBesdgEénp@si 24 Ojenbratédunt er 23.
Responsi vely, the counter 23 counts the pul ses 'P1 down fromthe val ye of

stroke setddor tdpendow sighale RSet(cemmahdt ofobhei fiotWwarduroeatigosef ion of
the door. The results of ‘the ré&spective counting down operations by the
count e 2%he motbr)- amde suppddesi idl gouppei sdeed chntidis®. cofparsignalerr]
whi ch. conpares the successive position data each indicating the current
posi tion d¥, tife fusdhex swppldedeter &thﬁoﬁlﬁétnpkl gathe3bpepfdgtiedenizd
stored in the setter 26. Wen  the current E ? lon_5 gol n0|§es wi th, the
stored deddR:Eh et)r?om"ﬁ‘tlc}‘t'hé-nf |tﬂ’§1’"c8ﬁﬁ§ arse PePP‘? gBREPS  EMBARY g

d | h th
gnal Ter Tt e BaRE LS At o P eRSRRoREREERY SeE Eha OB D, -
si gnal L. éncl‘%ﬂ:n v%:.l'ils a @r’atteh%n@) Mkdeﬁeé?céﬁt § eEﬁV‘@ﬁéléaES&eE}Ed | ow

speed in orwar |rect|on oor orr spondlng y Is

decel gf at ethe \Wiihdrte QR 15 i S3CheTorwalkiioherapdibhuihaopanea betnwl se -
interval nmonitor 29 senses it by detecting an increased

forward command signal R,. Thus, the door 5 will move at
a corresponding high speed toward its opeh position.
The ‘movement of the drive belt 4 in the direction A
(corresponding to the opening direction of the door) is
15 detected by‘the motion sensor 10 including two spaced photo:
_transistors which generate first and second train of pulses
having a phase relationship determined by the direction A of
the belt movement. Thus, the speed and direction detector
11 determines that the door is moving toward its open position

20 and supplies a direction signal R to put the door position

o

counter 23 in the count down mode of operation. Further,
the speed and direction detector li'selects the first train
of pulses from the first photoftfansistor and supplies it as
a train of.puLSeS'Pl to the clock input to the dbor position
25 counter 23. Responsively, the gountef 23 counts the pulses
Pl down from the value of stroke set in the door stroke seftér

25 to obtain the current position of the door. The results

of the respective: counting down operations by the counter 23



i nterval, between pulses [err] due to a decrease in the door speed, ap e
signals to the sequencer 24. Responsively, the state 15 sequencenigﬁk:
generates a stop command ST and supplies it to the speed control 9 b I ch
the notor is stopped. Then, in accordance Sth its sequential |ogic the
state sequencer. 24 generates a door 0105|n3500nnand signal [err] (conmmand

f th tRid ). 4 plies,it to the 20 speed
control 6 TR e lvd1y” SpTIba S TR TR R et AR P b P
it Idce@ 4 val s Al | S S )
Lo DUt 18 i, omme o icoeai vl Yo Rant 4| 000k LS5 dad s Rl Gtk ene
generat es a himgisisyiesd oforehendosirgdlthHadBece¥8phtE6n | boik LIE %;&hﬁng%ng

control & 25 Accordingly, the notor will accelerate and run at :
speed i Mb-cat @Wwdsy t@se stomedndnsitheaketiter 261 eVRnER €heé anidunt Whgatimh by
the reverse conmand Signal [err]. Thus the door will nove at a

cor r espondi ng Wigicidescwithghe storeflodeceleratton puint; othe THhier s \Wiirator

of the drive It 4 in the direction B (corresponding to the closing
di Lection of t4ta §G5FFatesy8: &dgBalpgndnsunplies sthsthraugh the T gate 30,
doter mnes  hETREAER P3nTBF FREFnBRERLAT BTSTAL Bpok dFHP RASANLOM astenal
Further, " the sagedoangoii@ecs' TR, spdenchomiifa eighat fb"s dinci iR Fismar,
pul ses from t kpiesfieeBE MNALBe140atLaNELWALE 8"Ge POSEER 1dw Apdld AR O
pulses P1 having a pulse repetition rate correspondlng p
driVe belig t o foltwatt@odipeetibAl COHA! 860235 ESSPONSINEING1Y NS decelerated.
- When the door 5 reaches a stroke end (full open), the
pulse interval monitor 29 senses'it by detecting an increased
interval between'pulses P, due to a decrease in the door speed,’
and signals to the sequencér 24. Responsively, the state
15 sequencer 24 genexates a stop_commané ST and supplies it to the
speed control 9 by which the motor is_stopped.
Then, in accordance with its sequential logic the state
sequencer 24 generates a door closing command signal R3 (command
\_ - . - of the reverse rotation of the motor) and supplies it to the
| 20 speed control 9. The signal R3 is also supplied to the second
AND gate 302_to.put it in an enabléd condition. Further, the
signal R, ié-supplied thrqugh the first OR gate 31, to the
third AND gate 305 which, in turn, generates a. high speed
command siénal.H and supplies it to the speed control 9.
'25. Accordingly, the motor will accelerate and run at a high speed
indicated by the command signal H in a reverse direction

indicated by the reverse command signal Rs. Thus the door

will move at a corresponding high speed toward its close



counter 23" counts up the pulses to obtain the current position of the

do hf‘\S Thereafter the high speed running of the door continues .
¢TI/t he neasured current position of the door coincides with a
deceleration point in the closing node, as stored in the setter 27. Then,

t he second conparator [err] generates-al&o+nci dent signal which is passed
t hrough the second AND gate to the second 20 OR gate which, in turn,
gener ates RAditipplies a | ow speed comand signal L to the notor
speed-control 9. The | ow speed runni of the door under the command L
continues until tFaedpoyenrent et th@eé&iﬂﬁ hedt & inlt@wedéﬁﬁbhiohoged)

Then, the qntor and, .there- fore,_ the dogor are stop and the
[

operation {‘SOEBRFPRIEINg ko the closing fireqhiaqms éﬂ?hﬂ goor) wﬁﬁcﬁe§96ﬁ§d
t he detail t 12 di f t Fi 6 [
Ty be. conbEnrbh TolBECeERTRE 10" EE e ApdRte i dingh mlenR 13 RARR BReor ¢ he
door (g.g. ghgsfngoreéhétgg&&doilmﬂom dtid a&é&gtcg{%e&gggﬁ},mdgl B ent

operation. hows r ning cC arac eristics

‘mechani cal dEEQQtin”&f +Re mSPhe PP HE Nthd Hodd Ch"‘tid“@u "i'.re%t 'aogaghgi door
starts at one end of its stroke (not shown 5 in Fig. and is

accel erated to pud BheadboghpsPbeiomscourttetZ3 it 'HHd’lQ:dtnltnuB od8. At a
decel eration point as indicated by A, a | ow speed command is generated and
fed to a dofr oppeatiicnnt rBirtheexectind | $peetl iandidirestion Weteletblre 1door i s
decel erated. toward a | ow speed indicated by the | ow speed conmand. At thls
10  poi nt selectfothe second ctiraimtof pulses HHiomdhe sesand photdoor spee
depends on the existing_nmechanical condition (e.g. sliding_resistance) of

t he daéér. _FBPnﬁlﬁFEHI%nélPﬂ?ﬁ@sr%§|%§amc%ra%QMPQkRﬂlses P, having a

pulse repetition rate corresponding to the speed of the drive

-

belt to the door positidn counter 23. Responsively, the
counter 23'counts.up the pulses to obtain the.current position
of the door.
. 15 Thereafter the high speed runﬁing of the door continues
until the measured-eurrent position of the door eoincides with
a deceleration poiﬁt in the closing mode, as stored in the setter.
27. Then, the second comparator 282 generates a coincident
51gnal which is passed through the second AND gate to the second&l
20 OR gate which, in turn, generates and supplies a low speed commanq
signal L to the motor speed control 9. The low speed running of )
the deorﬂueder;thefcommend L.continues until the door reaches the
other end of stroke (full closed). Then, the motor and, there-'
fore, the door are stopped, and the door operation is completed.
25 ' Before turning to Fig. 7.which shows the details of the
main control 12, modification of Fig. 6 arrangement, it may be -
convenient to describe the ways in which mechanical condition

of the door (e.g. sliding resistance of door) will affect the



will" slowdown with a nmddle rate of decrease as indicated by curve b ifiy
Fig.-8, ahd the run-length during a decelerating 15 period wll ‘be af
medi um pgne as indicated by a length L1 in Fig. 8 Wen the door reaches
poi nt B, the door speed is reduced to a kow7speed, and thereafter the door
continues running at that |ow speed until it is stopped at the stroke end

of the door adlaardioperakiep.a point C. However, for higher sliding

resi stance, ‘20 the door wi |l be decel erated nore quickly. Thus the door
will follow a curve B'i%had §&oysezmaning: eharagterégticseddHrehe tdemnefidr t o
run at a | ow at .a point .B . Correspondingly, the run-length during a
decel.eration %@ﬁﬁ%ﬁgﬁﬁ P%ﬁbaQHSF}eF°3§1EEBPEateaxb9 doPE RRPR 19  for GLasiag)
ot her hamd, f. r..sliding 2 resistance, the dpor. wi e decel erat ed
gr adual 14t 0 %g%‘(ﬁro\%_ lg‘?lehg\?l%%g sgaf'%\ﬁ/e?%r Elac] 8?&d%§r’e‘é§e£%¥g’§ eé’t?tbe?}l?r“@
it cones to r ; leqW, S BE ' 3. sppndi , ecel ef.a-
tion run- Isce)ng'ti'hrh \?Atllt';la _gg Iaoaggg% gg:c?gg?%g?gdt y£gglgﬁg hﬁ] l)r{r?éggd da_§§:gued_'16qa[ted
i's understood gyhal 1dgde @ ianFilg.Ski,di B¢ heabsbBFLtiSAISoi R VAL | Aid AU dd
run-length [err]. during™a decelerating (transitory or settling tinme o

period during bshiagh at Newlepeeds comnbabed st enerabedhan@ersd t€o aa Aoty &gt
speed. If a 5 deceleration point Ais fixed relative to the end of

stoke (i.e. dHontaede als3 exempidfneldetine®iqgt h2, degevirich i tine pioot i% adwtelerated
stroke end Cis constant), variations in _decelerating run-length [err] due

to change in FOMaxd @alloWospeedndndicasechy thevievaspesd ¢ommand spded this

run-Length [err], qver, mhhph the 10 door will run at a |ow speed. This
moﬁra ofﬂéh_réﬁ%??@ afr & R@&ngérpp§eﬁoﬁ§aFiﬁ@etﬁﬁﬁﬁwﬁﬁeﬂ%F%F%ﬁﬁn°§uﬁhﬁ!i?°r
andfor cl oSt NG e Gepdhds' on*The bhELeShGHEBAIRESS1 {5 fOldn Y. &' 1M ng

 resistance) of the door. For a middle sliding resistance, the door

will slow down with a middle fate'of_decrease as indicated by
curve b in Fig. 8, ahd the run~length during a deceleréting
15 period will be'a-medium one'as indicated by a length Ll in Fig. 8.
When the door reaches point B, tﬁe door speed is reduced to a
low speed, and thereafter the door continués rdnning at that
low speed until it is stopped at the stroke end of the door as
indicated by a point C. However, for higher sliding resistance,
20 the doqr will be decelerated more quickly. Thus fhe door will
v follow a curve b' having greater-rate of decrease before it

comes -to run at_a low speed at a point B'. Correspondingly, the

5

run-length during a deceleration period will be shorter as
“indicated by a length L.,', On the other hand, for lower sliding
25 resistance, the door will be decelerated gradually to make curve
b" having a lower rate of decreése of speed before it comes to
run at a low speed at point B". Correspondingly, the decelera-

tion run-length will be longer as indicated by a length Ll".



with its counterpart or a wall. This is hazardous. It is desirable that the
deceferation point is automatically 15 corrected each tine that the ‘door
opezggyon is perforned. Fig. 9 is a graphical representation-of the door
operation illustrating the concept of % tomati c correction of decel eration
- point. During a first door opening (Or ngsing) operation, the. door is

decel erated froma Ly Shlsdlaevnal Yeibuich: 10% 8apBl Nt odlecalid. (he

door is stabiliz run at ar e prov neasure

t he actualy édﬁ}gt%a%ﬁrmw ;RO IR g}l I\/Ea&'heda}m eaeagcglgyghl\g\éjn ch

| engt h the s run at a | ow spee nd are also provided which store
a predet er pihak ry®r |sawt3EeR0 tite bENgperiba @eﬁmﬁF WHiBRatke CASPAT €S

t he 25 actual | ow speed run-length with the optiml [ow speed run-length
t o obtai n idieswlfdimce fromila tigtelaplesderto @ostableolowsspadé.t OIf ha s

decel eration point so that a new deceleration point A-2 is shifted fromthe
old A% bydedslataianmeist & itshdiseduxielative]l go- thewepgeedl stmokengt h
fromthe optimal. In the next or second door opening_(or closing)

oper at lA on, HS%- cﬁﬂdiﬁ]%qq Iﬁﬁaﬁﬁgéh% hetmeen: t@ﬁedESﬁ/lEBPFEEPeH°HBEePer ation
poi nt A- i nce the nechani cal condition qf .th .second door
oper at i on 3% g%‘?ﬁé?kaﬁl Elqnlisdr"%% i NatrH@tF'PPsst 1808?"8&81’:3 188 as far

h d
Fol | ow o crTieRgt e Ay i Grige h BePhrtdBa.rbBk: chd e "ot (e -
dOOf wi Il f{amlaﬂfﬁl&l wtuﬁ 1%‘,?8&%%% fr'iﬁmﬂe%tn%nt oBet G¥iandigbance

ub- 10 y equa the departure A o2her words, the p0|qr¢
;

B- 2 i g0l ocgbSH 1P ARSI de qan W%ééd)m tﬂﬁssmlia ‘efdeby ragdigbanse nea
equal to the optimal |ow speed run-length [err]

unnecessarily long time to complete a door opening and/or closing

cycle. Under some other circﬁmstances, the dbor_may collide
with its counterpart or a wall. This is hazardous.
It is desirable that the deceleration point is'automatically

15 corrected each time that the door opération is performed. Fig.

9 is a graphical representation of the door operation illustrating

the concept of automatic corfection of deceleration point.

During a first door opening (or closing) operation, the door is

decelerated from a first deceleration point A-l. At-a.point \;f.
20 B-1, the door is stabilized to run at a low speed. Means are

provided which measure the actual length AL from the point B-1 ‘

to the'stroke.end C over which length the door has run at a

low speed. Means are also provided which store a predetermined

optimal'loh speed run-length OL' Comparing means compares the
25 actual low speed run-length wit@ the optimal low speed run-length
| to obtain the difference A, therebetween. Correction ie made

to the deceleration point so that a new deceleration point A-2

is shifted from the old A-1 by the depar-tureiAL of the actual

-



Therefore, the actual |ow speed run-length in the second door operation.
woul-d. correspond substantially to the selected optiml 15 | ow $pee'§éf}
run-|length. Referring nowto Fig. 7, there the main control 12 =
i ncorporating automatic decel eration poinfyg correction neans is illustrated
in greater detail. The main control 12 includes a door position neasuring
means 23 in thew fspeedirusumythndaidme dhdl optifaunt pul ses P1 havi ng
frequencies’in proportion to-the speed of the reciprocal novenent of the
door driving belt 4.InhsheowneEs loromecamidodoot bpendngn(opntiosidd) i speration,
controlled by a state sequencer 24 provided therein which selectively
generates a s&Ere deyr w gend tst Speed ghalthet pevasbvuectedpdecpieration
in and owt of the maih control 12 in a predeterm_ned sequence. The main
control A2 i RIPfedH# dosings fbe fachanisgls genditipRgOh BReJAPRY ntRcthe
val ue of ghe strok f the doqr, to.be .used. .The door styokg setier, 25 _,
suppl i es % he ssee%oqulcf?grofopselrra &% 48 gepefal:{yt ﬁémaéﬁf BSEIP?gn”(’:lo? izt
when enabl ed ' N rS et S 24 Lhce

&B(cg? o}!&l\%od oe far AL he %te%%ga oBeEREEon <1 §6€&_ #’i‘%ﬂ%g

conpl ete cycle 00r operat on conpriseS a door*openihg operatrto

whi ch the doogeymyasd rampgane t@;ad'go%fr %;mkl%oﬁﬁaw ¥ sinsed) gecéb@r%\g]

end of stroke 5 ~ (full'y open) and a door closing operation during

the door novesurayer seiuvs, e !@dél_%&'&ftriﬁg Hhotibal H8eehbV\@o6HWNE]L ScEnis: d€d

handl i ng the openi ng node of operation and the other for handling the

cl osi ng node aof aopeyiait B»2 Apaceged [from thie pbanteB-dsbpcaaflbstantd s$iie- door

openi ng node are a decel eration point 10 settable neans 26 in the form of

storage ¥ r eantiakly egual te &h¢edeipariurenlipei ninvwather heoxdsr e epoint

forward to open, an initial deceleration point sSetter 34 for_ providing an
initial B~2 is located at a position space from the stroke end by a

distance nearly equal to the optimal low speed run-length O, .
Therefore, the actuai low speed run-length in the second door
operation would correspond Substantially to the selected optimal
- 18 low speed run-length. : o
Referring now to Fig. 7, there the main control 12
incorpoiating-autdmatic deceleration point correction means
is illustrated in greater detail. The main control 12 includes
a door position measuring meané 23.in the form of'counter adapted
20 © to count pulges Py having frequencies in proportion to the
o speed of the reciprocal movement of the door driving belt 4.
The overéll'oPeration of the main control 12 is controlled by
a state sequencer 24 provided therein which selectively generates
a series of commands and state signals to various components
25 in and out of the main control }2 in a predetermined sequence..
The main control 12 includes a door stroke setter 25 for setting
a predetermined value of the stroke of. the door to be used.

.The door stroke setter 25 supplies the set value of stroke to



ation point used in the system a conparator 281 for conparing the
Ydoor position fromthe counter 23 with 15 t he decel erati on pbint.

- regi ster 26, and a corrector 23 in the formof arithnetic unit
for \cbrrecting the decelera- 1 tion poi fromthe register 26 according to
t he deviation of the actual |ow speed run-Tength of the door from a

presel ect egh. opgi ogl. L g -SIJ49 he. . nd c nel 20
associ at edgr\./‘\ngt%6ﬁep%%#fﬁg%%%%n%??weo%e%}’§%%# é’gm%r %é}gg‘gge%él 'g'?é ion
poi nt set t Rk €5 PREESsqfender P4 f Orgi ile o UAFA e IRLIY F ddBY ngi:QLion
decel eration point setfer 35, a second conparator 282 and a secon

correct or S3mprisesha dodheopenindgloparetismiduringiwhichorde dodrbioves
initialisers 34 and 35 is 25 preferably chosen in view of safety to be
renmot est fEonomtbdre cend eshositiroke etfhlly stkaded)t e thiehathersendl ef swioke
decel eration points fromthe stroke end. The main control 12 further:

i ncl udgs | &ﬁngbneqpmh-&mga rdoor -clasingympans tienmdawd ngnwhig¢hnghe foer
speed detector 38 and a_pulse interval nonitor or stroke end_detector 37.
Each of tHhBOYRS cEeVessedy  cehpriath £entnflerl dncdadas fwopshasaelsonnan

i1l d d I ' el atj vel y high
f ?lﬁ,aueﬁiﬁff%%ﬁa?@%ﬁwé?h%ﬁ%‘ﬁé@%?“ e?#?-&%%%érﬁeﬁdbéﬁfﬁetb%a 51
Phe: count BepIEthyCent OHERENg lhodt R dpdlhesal S BT 0 edSe5 Rbpnial -

detector 33535808480 hetn {iife U0r BMAL ridlb Ard! & Her19altaUns BRTH

Simlarly the stroke end .detector si gnal s when the do es the,

end OgoSt r gketabIbeméshsabe | DNV SRS CEbI b G IR BTV el sHRAINForUEEBSEng
i ncl ude a counter

a deceleration point when the door moves forward to open, an

initial deceleration point setter 34 for providing an initial
deceleration point used in the system, a comparator 28l for
comparing the current door position from the counter 23 with
15 the deceleration point from the register 26, and a corrector
231 in the form of arithmetic uﬁit'for-cqrrecting the decelera-
tion point from the register 26 according to the deviation'bf
the actual low speed run-length of the door from a preselected
optimal 16w speed run-lepgth. Similarly, the second channel \;)
20 associated with the door cloéing mode of operation comprises
deceleration point settable means 27 in the form of storage or
register, an initial deceleration:point-Setter-35, a second
comparator 282_and'a'Second'corrector 332. Each of the initial
deceleration points provided by initialisers 34 and 35 is
25 preferably chosen in view of safety to be remotest from the
corresponding end of stroke than other possible deceleration '
points from the stroke end. |

The main control 12 further includes low speed run-length



32 adapted to count pulses Pl as received during the period between thec =y
time:of the | ow speed detector 38 and the tinme of the stroke end det éctws
37 to gbtain the actual |ow speed run- 15 | engt h. The main control
further includes an optinmal run-length setper-39 for providing a
presel ected optimal | ow speed run- | ength. Coupled wth the optinmal
run-length sewmeasulingnuieahe dntladingnal bogt Speednddtedtor 38 Nidd a pulse
arithnetic neans [err] 20 preferably in the form of magnitude conparator

for conpari nginfteryslumpnisarspredtraokel endt devector 37 optEaet JdHERPEItectors
run-length to obtain the error or departure of the former fromthe latter.

The val ue of H@YaFPBPEiFS FupPPPEAY: SOF| FABPLLNG (prelees rfxamran [aaai]llatdr 36
[err] whicch, i t%r , corrects, the geceleration point as 25 nentioned. -
Finally,%ajgaﬁgagiFauFP PENEFAYRIBBLIRAR CRa¥Ere R | Xelatiply ihighifpeaneravow

d d trol 9..The illustrated gate cjrcuit
Chetudos B 11 FbE RRfinbskochlfe8PBlsg8 bl irateiel durtid e e BAGAE of
he first . and d; 5 OL At | | f t
Soquencer 24 Beyecal 2 ChaliAl eBeqBblBy (sh B SR LT ke rnnd S R 1
second conpar @oek .28Rhandthel B¥RNECPELL 8YEPE KOSHREE e g/
¥ FFedidiT i 3 UL R

24. 5 The outputs of the AND gates [err] and [err] ar®e. conne

gate [err] whivalluegl ehei telyspesar ateactos PRSSESnAld GhEPaek GUFRRGmes! @0
the speed control 9. The output of the OR gate [err] is also connected via

an invertor taounneti apseleftedt howdspeBdgat8inilatly the strtuke iendlidedfecithe
third AND gate_[err] is connected 10 toan OR gate [err] adapted to
recei ve e fdrfwsianahs whear therdeari veachescrhis ¢nd rdf whrdkes | Theomctual
sequencer 24. The third ) - _
low speed run-length measuring means further include a counter
32 adapted to count pulses P, as received during the period
between the time of the low speed detector 38 and the time of
the stroke end detector 37 to obtain the actual low speed run-
15 length. . :
The main control 12 further includes an optimal fun-léngth
setter 39 for providing a preselected optimal low speed run-

length. Coupled with the optimal run-length setter 39 and the

actual run-length counter 32 is third arithmetic means 33

NA 3
20 preferably in the form of magnitude comparator for comparing the
v | actual low speed run-length with the optimal low speed run41ength

to obtain the error or departure of the former from the latter.
The value of departure is supplied to either of the correctors
33l and 335 which, in turn, corrects the deceleration point as
25 mentioned. |
Finally, a gate circuit is provided which selectivély .
Supplies high and low speed commands H and L to the speed control

9. The illustrated gate circuit includes a first AND gate 301



'AND.gate sel ectively generates and passes a high speéd command H to the

spged control 9. The operation of the nmain control 12 in Fig. 7 will now 15
bgigﬁscrlbeq. When the circuitry is activated up, the state sequencer 24
geQerates signals [err] and [err] which are supplied respectively to the

initial deceleration point setter 3# 22or opening) and 35 (for.closing).
Thus, the contents thereof are set into the deceleration 20 I nt éused
in the opéﬂb#anﬁeereﬁeﬂNGrGBSrP“FPngpgrtEG-§ﬁHthE°ﬂBE€FE?§t$§nf%B nt
(used in the closing node of the dogr)re istgr 27. Thereagéfr when_t he
senSO{ AadEoxwesd; FRtatiPP.cATBANG Bor EXAM ShensegquERceF 24 pPd 3nEPGPR%
signal Rl. _ Responsively, .the state sequencer. 24 gener S L gn :
ang suppPﬁ@%f?Fetgﬁuhédf§tegc58nFEFe}§gWﬁE8h°P PPgrﬁ%rg%gi§§gsgasggﬁé§££Lor
i ndi cat i o predeter-- i tr ngt h t d cafl 9wt he
stroke sé@ﬂe?n%5§ EF%F%?e§§§QQ?$ﬁ§,°t eaéga 8 §géﬁe2§grg§éug§ﬁ§?a%gé a door

opening S _ r d gh@t algiogaf t
500 S A el WFTUNE Qi) Beled’ 490 2! 301 08r8 cbitfiected €3 engv! o)

and ol 9.+ The signal [err] is further

suppl i ed g Jdt@ H1 SWwHRW A ettively Generdited AR passekear Lowhispiedi n

turn, generates a M gh speed command.signal H and supplies it to the speed'
control Qomdrd@iL e the spele@ contiroic@el efhiee caputupnfathe DRgbatpedd

i ndi cated by the command signal Hin a forward direction indicated by tﬁe -
forward cmalEd Jamected nia afhuinveritoridor okeninpukoed at third AND
correspondi ng * - hi'gh speed toward its open position._ The novenent of
the drivegdte (304 i n Thee afihest tingwia ofp the @&Arésagmgﬁ&et §°t3hé5059ﬁpﬁ§tedu
direction of the door) is detected by the not%%p sensor 10 i_ncl udi ng two
spadel pHR AR ,Qgﬂsgasq%r%ll adapted to receive e forward and revers

rotation commands R, and R, from the sequenéer 24. ihe third
AND gate-Seiectively.géheratés apd'passes a high spéed command
H to the speed éontrol 9. '. B ”
' | The operation of the main control 12 in Fig. 7 will now
15 be described. _ | |
When the circuitry is activé%ed ﬁp} the state sequencer 24
generates signals S, and's3 which_are suppliéd respectivelf to
the initial decéleratioh point setter 34 (for opening) and 35 (fo;.
élosing). .Thus,.the contenté thereof are set into the deceleratiwd
20 point (used in the opening mode'of the door) register 26 and the .
deceleration point (used in the closing mode of the door)register 2;;
Thereafter, when.theasehsér A.detgcts=the_ap§roach of a v
person to the door, it will generate a signal 31. Responsively,
the state sequencer 24 generates a signal S, and supplies it td the
25 counter 23 whicg-in.turn receives a signal indicative of a predeter--~
mined stroke length of the.door'as set in the stroke setter 25.

At the same time, the state sequence;'24 generates a

door openind signél RZ (command_of the forward rotation of the



determned by the direction A of the belt noverment. Thus, the speed
direction detector 11 determ nes that the 15 door i § aning t oward
open p03|t|on and supplies a direction S|g? R to put the door position
counter 23 in the count down node of opera |on Further, the speed and

direction det ﬁ\@ftai-)lénaelsﬁﬁfahégeﬁ'£§ttﬂéaé c[péﬂéxeflef g @fﬁg g R 220

photo transi'stor and suppliées-it as a traln rr] t

i nput to the deofup@Réti 8GppLUAE CEo 28he Ve he ount's
thg pul ses [err] down fromptﬁhe val ue of g?f%ﬁ(ra@%e ?I% %]He a{gﬂér t%ilr&
setter 25 to 8NDagatehd0guwhiah, pbsi taem, Ofehdieatiidra Hﬁyhléﬁaédﬂédﬁhahhe
respective down counting operations 25 by the counter 23 are successively
suppl i ed\o t EgPaLsH and: sppplies itrtd tike pestimmsdlhd cthati the
position data_each indicating the current position of the door with a

decel er at Pon PSFRE Wﬁlihécﬁﬁgﬂﬁﬁenm ryn at ;¢ dvighh speed dgiddicetez6by\\ehe

- 24 - the current OSLtIO o} nc S\Mtéhé&e stored decel eration point,
the first conpgwg? FLyre gén%?a? orway regtion dadicated byr shghfomward

AND .gat d n o the second OR_ -

gat eg?e(rar ][ e{ gkpﬁggﬁéggﬁg o%vhgbeggi%‘g%ﬁaéﬁg %o% gajéné{ %Ll ]m&Y(?n atthlaschg’ﬁéPPndlng

the notor M dggghespbes. E%&J £ eg, ?oédl eed in a forward direction.
ngly er

- The door 5 corréspond- ses [err] derived fromthe

SDeed detector 11 arehélﬁ@vement of theditRd ft?eltow %HP%&%&%EQ% ?18 the
oke end detector 37 10 and the | ow speed run-length counter 5

| o spegdodet écovreSpondimg sto etlss eogening Eirdotdon E anel boakyr 1§6de€écted
recel ve

Y.
gy
L

whi ch generate first and second train of pulses having a phase relataggihhp

by the motien sensor 10 including two spaced photo transistors
- which génerate first and second train of pulses having a phase
rela#ionship determined by the direction A of the belﬁ movement.
- Thus, the speed and direction'detecﬁor 11 determines that the
15 dOo: is moving toward its open position and supplies a direction
signal R to put the door position counter 23 in the count down
mode of operation. Further, the speed and direction detector
ll'selects the first train of pulses from the first photo
Q,i - transistor and supplies it as a train of pulses P, to the clock
20 input to the door position counter 23. Responsively, the
counter 23 counts the pulses-Pl down from the valué of stroke
set inm the door stroke setter 25 to obtain the current position
of the door. .
Thefresults-of the respective down counting operations
25 by the counter 23 are successively supplied to the first com-
parator 281 which compares the successive..position data each
indicating the current position of the door with a deceleration

' .point in the opening mode, as stored in the register 26. When



during one cycle-of pulses [err]. Wen the count per cycle becones greater
t hap~a -sel ected value, the | ow speed detector 38 generates a signal )

i ngirgat i ng when the door 5 cones to run at a selected 15 | ow speed.

Ac( ingly, as the door 5 is decel e_raﬂed__i n response to the generation of
th ow speed conmand L and cones to nbve at a relatively stabjilized | ow

speed. thend ouerenel dElECigl GRMONAL Suidh Whd Weotedl UacRaausnees 24

Responsi ve e se 4 generates a signal S4 to enable the | ow

speed I Ungheng! he i@ apild O (-t oB 28 0 detidtatid 2e8ienl] andheapphigegoor
reaches a stroke end (full open), the stroke end detector 37 senses it in a

simlar nmpBnekréegh Mehé AND peete d30.codmabl3 dyd . thegdolor bpeniagsedgeater
24. 25 Responsively, the state setquencer 24 generates a stop conmand ST
and suppl Rgstotthe séeombedRl gake ril, thpmdduste @hdovispeeds commppddey
Then, the Sequencer 24 generates a signal [err] to the third arithnetic
neans 5[ er 8ignal chabl épon thipesianad « Here dgtay dbdecelerates towazh fhe

actual | ow speed_run-length count froq%ih .~ neasuring _counter %2 with a

or edet er nFRLECERR] HaY PRRRd HRcH SRRHARA IFSTAR ne THR SR0F. 5 GREFERBPRA
setter 39, Then, the Sf uegqir 24 generates a clear signal S4 to 5 clear ™
the count tRItYpts 2SS gﬂ@ TOunter 23. The differential signal between the

o Voot noonoBhubSY PL°SYA FIBAIAG, A Gl e e,
by a Si gngbal €67 Enk' P! fife 8 WEHESLoL 438 L Ol Whr I diid UeteitoaClyor [erT]
conpares the differential”signa |nd|9at|ng a val ue of deviation of the o,
actuglp and the low speed run-length counter 32.. The low speed detector
38 counts reference pulses from the oscillator 36, as received
during one cycle of pulses.Pl. When the count per cycle becomes
. greater than a'selected ﬁalue, the low speed detector 38 generates
a signal indicating'when the door 5 comes to run at a selected
15 low speed. . )
Accordingly, as the door 5 is decelerated in response to
the generation of the low speed command L and comes to move at
a relatively stabilized low speed, the low speed detector 38
signals it to the status sequencer 24. Responsively, the sequenq;)
20 24 generates a signal S4 to -enable the low speed'fun-length
measuring counter 32 to count pulses:P,. .
.When:the door-reachesVa.stroke.end.(full.opeh), the
stroke end detector 37 senses it in a similar manner as the
low speed detector 38 and signals to the sequencer 24. |
25 Responsively, the state sequencer 24 generates a stop command
ST and supplies it to the speed Eontrol 9 by which the motor is

stopped. Then, the sequencer 24 generates a signal S.7 to the

third arithmetic means-333 to enable it tq_perform the comparison
&



l:ow speed run-length fromthe optinal |ow speed run- length with the

decel eération point stored in the register 26 to subtract the latter fro S
t he f.ormer to 15 provide a corrected decleration poi-nt and transfer it ;
to the register 26 under the control of a signal S fromthe sequencer
5 Instead of subtracting all the deviation of the actual |ow speed .
run-length fromthe optimal |oew speed 20 pgnal ength, correction can be nmade
by nultiplyi'ng the deviation value by a factor of Fess than unity to

pr.ovi de a Teduce _ g3 35carre op facto 0 _be

subt r act ed fron1ﬁﬁ§% e|§Fa§F§HH§o%HF DPER THRS ?%%ﬁhiﬁﬁ%?£ %B??et??ons

of the deceleratmeaSﬂfipginDuaterpéEfw1thdabpreﬁ$termlneﬁueppinaldlog- I

stabili-_-zation. h be a [ tua

mWw%wwnmﬁ gloFaRiKheth, BxbROthe BRLEANT, Chyady BREEH' S8pbel.

t e end of strok&Redq #heesﬁqueneay 2f-hgenenates 82che§rneasnab Sjeto

decel era- ti By I n L h ronla hi gh speed
Bleh@nghl ebﬁht% €9pb 13 er%&ﬁ% eéuﬁgn

ESGQ?éL?PnS“ihéhﬁﬁuhfwﬁ "ai3r Sponfial, FieuhioprTvagRI @%Zaé%&efia&%ﬁ'§¥e?ow
speed' command L optﬁmanldefspeeﬁhﬁuﬁpmaﬁgﬁhoas[ﬁééﬁlﬂé@ ﬁ@dﬁ'ﬂﬂénﬂh%gdnnve
count 00 nLL BBk BleReeRodEheshor s 2 u55015 Mot L BRT SSIER A2 e
run-1ength neasubBygwhen enabled by a signal Sg from the sequencer 24,
A 10 Then, the first corrector 334 compares the dlfferentlal
N~ _ signal indicating a value of deviation of the actual
low speed run~-length from the optimal low speed Tun-
- length with the deceleration point stored in the
register 26 to subtract the latter from the former %o
15 provide a corrected decleration point and transfer it
back to the res1ster 26 under the control of a szgnal
'S5 from the sequencer 24.
. Instead of subtracting all the deviation of the
- actual low speed runplength from the optimal low speed
- 20 run-length, .correction can be made by multlplylng the
deviation value by a factor of less than unity to
provide a reduced deviation and use it as a correction
factor to be subtracted from the deceleration point.-
With this technique, corrections of the deceleration
25 - point are performed bit by bit, thus prov1d1ng stablll—
' zation.
" In the above, the measuring counter 32 measures
the actual low speed run-length over which the door 5
has travelled at a low speed to the end of stroke.
30 Altermatively, the counter 32 may measure the decelera-~
" ting run-length over which the door 5 has moved from a
high speed operation switched to a stable low speed
operation. This can be achieved by starting the counting

o

-



means, a suitable nodification will be nmade to the correction |ogic of
decel erati on point. The correction may:be perfornmed by an arithnetic uhit .
for dpifpilni ng the measured decel erating run-length with the optimal |ow

> -length by, for exanple, 10 _adding the former to the latter. It
understood that the main contt®® I2 shown in Fig. 7 cal.cul ates the
deviation of t actual | ow speed run-l.ength fromthe optiml _| ow speed

run- | engt I°F RUL3EH Ty IREBERH FeRFRHOLRE 0% SBeedccompARdgLcafer ati on
poi.nt on t b S ' c d deviation so that the corrected
decel erati f|S%§élr1t"E"Cvlv%r?I rreht‘%:% C%tcoutyr razteareli ag‘?in |% FSRU3PI ﬁgua%fb?gwgf’éﬁi and
the sIidinghé efid! e Heddikdioy sHHBY IHeR0 che! dUB-0BBREA! €Y R¥vLhe
motor is assuned to be substantially constant. en the door 5 I's opened
agai n uponat hg Fexdt BpdTwata e dlowd sp¥edn, the settabl e device hasws
already stored an updated decel erating point so corrected as to neet the
door wei ght and tAkomg iwlitly st & decelefratingdeah-1leagthnnabsadingt nent of
the decelerating point will be required. This arrangenent assures that an
opti mal aunemmsi @ ;vektalps madification eridddbe?Bade to thewenrehbisngnal
[err] indicatjve of the presence of a person by-the door is renoved, the
state sequiP@i? of QreRlenadsion Rt oFfihey cOBFRERdOPemAY brepeFiermedati on

o 11 508 ob SBPEARELS Sl LN el bt RBZsTRERESS™ O
| ' ok : _ (i ‘Since. th ot
Thecrmin contrar gl GRATNS dbr R Topl AN Rur St dageh By b8, Bl
siml ?6 toaéﬁ'fng}lb%&fézmelde!%réﬁ@dlél&%ﬁt i on except that conponents el
Jlerr], 27, 35, _ |

([err

F

It will be understood that the main control 12 shown in
Fig. 7 calculates the deviation of the actual low speed run-length
from the optimal low speed run-length for each cycle- of door
operatioh, ahd corrects tﬁe decelération point on the basis of
15 the calculated deéiation so that the'corrected deceleration point 
will match the current condition of the door wéight and the
sliding resistance of the door. The braking torque‘generated
by the motor is assumed. to be substantially constant.
When the door 5 is opened again upon the next approach !).
20 of a person, the settable device has-aiready stored an updated
decelerating point so corrected as to meet the door weight H
and the sliding_resistance-of"the.door,-no manual adjustment of -
the decelerating point will be required. This arrangement
aésures that an optimal automatic door operation is pérformed.
25 When the signal R1 indicgtive of the presence of a person
by the door is removed, ﬁhe state sequencer 24 generates a
.door closing command R3 (reverse rotation of the motor) is

applied to the second AND gate 302 and. the speed control 9.



etc.) associated wth the door closing operation are used, further e
deseription thereof will be omitted. As is noted fromthe above,fthe WAPRE
il lustrated door control systens enploy drive belt notion sensing nea 3}4 '
generating 10 pul ses having a pul se repeli tion rate in proportion t '
speed of the drive belt 4 which is "directly"” coupled to the door as a

final |oad tReésparmitvedyt,ctheanpeddicontroli 9ncaraes’ thg WSEtE $ Ofo CArtdlid¥hte
such pul ses'to obtain the current position of the door. Therefore, the
measur ed positd ¢n hdfgh lepeksl. indaoreyersiencottasiencurately with the actual

door position. In particular, the neasured door position signal ‘does not

i ncl ude any error assifqeatthe wWperation pofi the mainsaprtroh h2ctarperform

bet ween +he notpor and the reductiqn gears and gésli bet ween the drive

pul | ey agd t It WL EIRFLNT. PRFFasGon 45 geoegaldy }H%Brt%ﬁ?WPT¢RPV3‘
cnd can' b a RS (IRES S L 8o o 2R LoROBPoORBRP N g Chpsify (1
d b ' . th ' ' | { ght
emptLing devi Ce 10 s eRl siom, SuC ok 178 ag "oREEFLI T yed
position in aft{ﬁﬂﬁt%eﬁ]dr Wanhﬁtrreg%ewgﬁ.flgrﬁghoﬂitI; drive belt 4. This

will mnimze t of" electric wres connecti ng the notion
sensing means to thesRaehotdd FHriohCihe aleiest helillustPded dbdr RYMLRI]
them may be built in or placed near a controller including the main control
12 di sposed rmestdne enpley ldelive dedtsmoglibhysehsifngnnésans ofoyfdnerating
associ ated therewith. The direction detector determ nes whether the door is
5 “~noviHy t @wksesihawing tas pulse pepeticionr ratesinppstpovtion to the

speed of the drive belt 4 which is "directly" coupled to the
door as a final load to be controlled, and door position
- measuring meaﬁs-for counting such pulses to obtain the current

position oflthe door. Therefore; the measured position of the
15 doér 5 coincides accuratelylﬁith the ‘actual door position.

In particular, the measgred_door position signal does not

include any error associated with a slip in a transmission

mechanism between the motor and the reduction gears and a

'slip between the drive pulley and the drive belt. Thus

20 collision of the door with the-cbunterpart and/or premature

{y.

stop of the door before it reaches the stroke end can be

avoided so that a smooth operation of opening and closing the

door may be attained. |

QL O Furéher, the.motion sensing means (light emitting device 40
25 and teceiﬁing.device 41) may be placed at any position in a

reciprocally moving stroke or path of the drive belt 4. This

will minimize the length of electric wires for connecting the

motion sensing means to the speed and direction detector 11



This will sinplify the sequence logic used in the state sequencer 24. In
case, - for exanple, that the door drive belt and the door are erroneously

stoﬁpfﬁ\pecause the drive belt is 10 accidental |l y di sengaged fromthe
dfiv§§g9lley, this is positively sensed by the pulse interval nonitor 29 in
coope tion with the notion sensing  M&ms and speed and direction

detector, apd condjtiops the sequencer, 24 to generate a stop comrand_ ST,

t hus st oppfﬁﬁc?&é"%’bt# TR % %ICI?H TeT s & 1?91‘3"@% O5AT AuSQBETCARET be
over heat ed; . e imn elt | erred as the.transm ssion, neans 4,
ot her_ t ran%?ngglgéloﬁé rrg%énsr{‘%h’ghg%%é’ié%ep{ ?Jﬁpﬁs elnteaé'n(}th?hgfﬂv@ahegﬁ' ana
subst it ut egi p¥Niee atnd Neoddd it S UL QUL SRRSO ek oRARRLT SCS 20 |
optoel ectroni’c devices, other sensing technique such as the use of mpgnetic

Sensors, contact -tH@e3 SRASE]Sn Ak Wy RAEH1 N SMetnddy the aBBkoysd. In
brief, the notion sensing nmeans may be inplenented by any conventional

sensors5 Homeving téwardiebchérnits e’ positich drselege posdikipased
relative to a door driving nmenber (e.g. drive belt 4) directly coupled to

t he door aFBbispeilblisinplifncrhe csequengmlldgic sedorim ¢he Btatexanple, a
train of pul ses having pulse repetition rate accurately in proportion -7
- 29 - to theegpereenf24he noverment of the door driving menber. Further the
arrangenment in Fig. 7 does_not requjre an qgﬂgers such as_ sw tches and

dogs physical |y pFRcERPT el ERT RXamPlen AQQFa P LYE PEltsaRA 5BEi nal
‘automatic 4oor 99e"aifedus1y 'SESHIM Helod WP UANE Berkhgedoor veiont
10 accidentally diseﬁgaged from the dri§e=pu11ey,'this is et
positively sensed by the pulse interval monitor 29 in coopera-
tion with the motion sensing means and speed and direction
detector, and conditions the sequencer 24 to generate a stop
command ST, thus stopping the motor which would otherwise
15 ‘run continuously and be overheated. ° '

Whereas a timing belt is preferréd as the transmission
means 4, other transmission means such as V-belt, flat belt
and chain can be substituted.

Whereas the illustrated motion sensor 10 comprises \;,

20 optoelectronic devices, other sensing technigue such as the
ﬁse of magﬁetic sensors, contact-type sensors and iron segment
sensors may be employed. 4

In brief, the motion sensing means may be implemented

by any conventional sensor. However, it is important that

25 such a sensor be disposed relative to a door driving member
(e.g. drive belt 4) directly coupled to the door and operatively
generate a signal in the form of, for example, a train of

pulses having pulse repetition rate accurately in proportion



resi stance of the door w thout requiring any manual adjustment of the .~

decel etdtion point. Wile the present invention has been described wit /%?}

respect -+o the illustrated enbodinents, it is to be construed 10 t hat\i=

vari ous other nodi.fications and variations can be made well within the

scope of the ipvention as defined in the appended cl ai nms. - 30 - 1.

An appar at us for controllbggF#he operation_of_ an_autopati¢c door conprising:
a

an eIectrLc ﬁﬁéﬁpe FBSPB& ¢ SBFEthvaHS ﬁ%%ﬁsdﬁﬁﬁhﬁﬂl@SWP?rcoupled
.

ﬂisposghtrerg;ivgntgé§§ﬁ8rn%&§g%§ gﬁ g ég§£98r98§ﬂ§?358'gr%%FEE%lénY
Vel ool ty bf PEEbEES Ll na?a%ﬁl‘é’?‘e‘g?prhg‘éai%%*v‘xgigggii'vﬁfééﬁég elSeivaces

door posu.%h@ehss&i aaamam pss.-ff eRbk! XnCB#Q%xggl"‘éﬁ@oﬁﬂﬁc S&8S d*c gif%ffm

for counting said pulses to o e curren position,
‘nmeans res ponau:resbecn:heeobtfavagdawehg np£deRe Q66+!weIgher akd nﬂaél s1{d@iide
operation of said notor. 15 ) An apparatus as clainmed in claiml

wher ein saldrﬁsiahhacérbflnbeﬁdaas whthousegequiring &8y tmahaslt A3 eotinese
to *the door and extending froma drive pulley to a driven pul ley. 3.

An appar at us ofs theadeeeleratiaonnp@inkerein said drive belt is a synchronous
belst having equal |y spaced teeth on the bottom 20 surface thereof. 4.

An appar atus as cl aihddei ghel presenthinventiondhasnbeeny dearcibed with

.o respect to the illustrated embodiments, it is to be construed

W _ . _

: 10 that various other modifications and variations can be made
well within the scope O0f the invention as defined

in the appended claims.



conprise a pair_of optoelectronic couplers spaced fromeach other in the
direetion of the novement of said synchronous belt, the |ight fromthe -

\ mtting p ht receiving portion of - 31 - each of
pt oel ectro ﬁ[m‘lml m!) ‘l lumg intermttently interrupted by successive
of sai d synochrenous I*n response to the novenent thereof. 5.

An apparatus as claimed in claim4 wherein the first of 5 said

opt oel ectroni c coupl ers operatively Er duces pul ses having a first

" predet erm ned phase relationship wt he phase of pul ses produced by the
second of(§a¢dnsgtoelectron|c couplers in response to the novement of said
synchrono € In a forward direction while said first optoelectronic

coupl er prgducesapsdatiié \fiod contSEXIRE the operBEBHCbErdN BetbmBBASE .

_relationship, distinguishable fromsaid first phase relationship, Wsth the

phase of podaresompradirezd by sai d second optoel ectronic couplers in response

to the novenent of said synchronous belt in a reverse direction. 6. An

appar atus as cl aanededtricimgtprs further including direction 15 detecting

means coupled with said falr of optoel ectronic couplers for determning the
di rection of rrov@?éﬁ%‘-"'-‘@ﬂ- )éﬂFHa@;?nEWéHBLF?aB%I“i“WW%We cQeHedd phase

rel atj onshl u the s% q@? ﬁecond opt oel ectronic

coupl ®rs. % PSh AHQﬁp C‘F%Hp R ¥1%aPfR™2 further including pul se
20 interval en adjacent

pul ses from sai (rjg)sensé mgg%e%ﬁgposﬁgogé‘%g%{ | g%?é%lhglog%g% r?gf%

i ndi cat i ngndgwat fa#aeﬁataeiﬂgﬂ}mt@e% REAAEEs Puesd er@pém@oﬁ rQE@%&@ﬁ m ned length

of time wherein saird control neans reSponds to said signal fromsaid pul sé
interval nmpgidigscyIHapiopbft Hhat e tRe I8A8arC0818A8y 27 the mogahtf or said -

notor, thus avoiding the overheating of said notor
of the reciprocally movable driving means;
10 _ door position detecting means electrically coupled with
said sensing means for'cuunting said pulses to obtain the current
door posifion; and ‘

control means responsive to the obtained current door position

for controlling the operation of said mator.

195 2. An apparatus as claimed in claim 1 wherein said mevable .
driving means comprises a drive belt directly coupled to the door
and extending from a drive jpulley to a driven pulley.

3. An apparatus as claimed. in claim 2. wherein said drive belt
“is a synchronous belt having equally spaced teeth on the bottom

20 surface thereof.

4, An apparatus as claimed in claim 3 wherein said sensing means
comprise a pair of optoelectronic couplers spaced from each other in
the direction of the movement of said synchronous belt, the light

from the light emitting portion to the light receiving portion of



"32 whi ch woul d be encountered in case that the t
notor to the door is disconnected. S A door c Etrol | ing system

conprising a door, neans for driving said door to m mﬁu’mﬂ ,o -
; ed to.

stroke having final novable 5 transm ssi on nea
sai d dpor, and speed control neans for controlling said riving ans in
such & manner that said door will be initidll-y accel erated fromone end of
said stroke,- then run at a high speed, then be decelerated, then run at a

| ow speed, and.-finally stop at the other end of said stroke, thus 10

conmpl eting one stroke operati oqn of said dpor, the speed. .conirol neans
conpri sing: sef@FRPNE °BY¥38§?(?"?‘%I°§PP&§St g Hﬁffﬁﬁ%eﬂé)l\yabl e

transm ssi.on neans_f ot e ' u ' istion rate
which is{dir ect’1n§el|51?ug’ﬁ%(?%90%%%?%@%%%n‘gﬂ\rébgrgIs Eﬁijﬁﬁ@# tS Ee 11F51 novenent
of said final trapsideSsh e RABRentI@MreBPsSi tion detecting nmeans for
counting said pulses fromsaid sensing neans to obtain the current position
of said door; means for providing a deceleration point associated with said
‘one stroke operation of said door; and 20 means el ectrically
coupled with sa.d sp@adappandtusl asredrsmddoin cdapard migeredn dkheuf instit ofhosi ti on
of said door with said deceleration point to generate a | ow speed command
upon the c®i ncisddcrtoelesirenicurruierp@spratdnely PRodused RIGERS EREINDN poi nt

so that said speed control neans will decelerate said door toward said | ow
speed in 25 & &spynsEedeternigegiiesgfelatianstin d’lgb\ﬁhg §e c%\ﬁﬂ’g]r?ﬁ.s 9. .
An jaut omati ¢ door _system substantial.ly .as described. W refere and
as WVl ustrated ipﬁ-o‘? dal?:’&%ﬁﬁaﬁm% Dgr%%%n%% OESECtmglc cEJIble?g i 98&0‘188

to the movement of said synchronous belt in a forward direction while

said first optoelectronic coupier produces pulses having a_second

10  predetermined phase relationship,.disfinguishable from said first
phase_relationship; Qith the phase of pulses produced by said

_ sebond optoelectronic couplers in response to the movement of said

synchronous belt in a reverse direction.

g. An apparatué as claimed in Claim 5 further including direction

15 detecting means coupled with said pair of optoelectronic couplers for
determining the direction of movement of said synchronous belt from
the sensed phase relationship between pulses from the first and

second optoelectronic couplers.

7. An ‘apparatus as claimed in claim 1.further includiné pulse

20 interval monitor means for monitoring an interval between adjacent
bulses from said sensing means and selectively generating a signal
indicating that the interval has become greater than a predetermined
length of ‘time wherein said control means requnds_to said signal
from said pulse interval monitor means to produce a stop command

25 signal for said motor, thus avoiding the overheating of said motor
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which would be encountered in case that the transmission-means from

said motor to the door is disconnected.

8. A door controlling system comprising a door, means for driving
said door to run between ends of its.stroke héving final movable
transmission'means directly coupled'fo said door, and speed
control means for contruiiing said driving means in such a manner
that séid door will be initially accelerated from one end of said
stroke, then run af a high speed,.then be decelerated, then run at
a low speed, and finally stop at the other end of said stroke, .thus
completing one stroke operation of said door, the speed control
means comprising:

sensing means disposed relative to said final movable
transmission means for generating pulses having a pulse repetition
rate which is directly proﬁortional to the 1ineaf velocity of the
movement of said final transmiésion means;

door position detecting means for counting said pulses from
said sensing means to obtain the current position of said door;

means for providing a deceleration point associated with said
one stroke operation of said door; and .

means electrically coupled with said speed control means
for comparing said current position of said door with said deceleration
point to generate a low speed command upon the coincidence of said
current position with said deceleration point so that said spéed
control means will decelerate said door toward said low speed in

response to the generation of said low speed command.

9. An- automatic door system substantially as described with reference

to and as illustrated in the accompanying drawihgs.

el



