United States Patent 119

Iwasaka et al.

(o 3,902,571
[45) Sept. 2, 1975

[54] ELEVATOR CONTROL SYSTEM

[751 Inventors: Tatsuo Iwasaka; Takeo Yuminaka;
Hideto Matsuzawa, all of Katsuta,

Japan
[73]1 Assignee: Hitachi, Ltd., Japan
[22] Filed: Nov. 9, 1973

[21]1 Appl. No.: 414,353

[30] Foreign Application Priority Data

Primary Examiner—Robert K. Schaefer
Assistant Examiner—W. E. Duncanson Jr.
Attorney, Agent, or Firm—Craig & Antonelli

[57] ABSTRACT

In an elevator control system comprising a plurality of
elevator cars serving a plurality of floors wherein a
hall call generated is registered, so that a car ready to
answer that hall call is selected and operatively con-
nected with a guide lamp for informing the waiting
prospective passenger which of the cars was selected,
the improvements wherein the registration of the hall
call is not cancelled but maintained in the event that a
car other than the car which was made ready to an-
swer the hall call arrives earlier and is decelerated to
serve that floor from which that hall call was origi-
nated, the hall call registration being cancelled only
when the car indicated by the guide lamp is deceler-
ated to serve the floor.

8 Claims, 15 Drawing Figures

Nov. 20, 1972  Japan...........cccccvvevinnnens 47-115525
[52) US.Cl...ccsliiieiee e 187/29 R
[51]7 Imt. CL2...ooiiiiiiiiiiiiiiee e, B66B 3/00
[58] Field of Search....................cc..oiivee. 187/29
[56] References Cited

UNITED STATES PATENTS
3,474,885 10/1969 Halletal. .......cocecvniiiiiin. 187/29
3,739,880 6/1973 Robaszkiewicz...................... 187/29
carA

carB car C




PATENTEDSEP 21975

SHET 1 OF 9

FIG.I

carA

carB

car C

10

3,902,571



PATENTEDSEP 21875 3,802,571

SIET 2 OF 9
FIG.2
|
[_co0DAl  /TioDA f
FiO ;:D—«—d——
FloDC olooA?
FwFA&JB !: O09UAl I9UA h; |
FauC OguA2
Q8UAI I8UA n
o= A8y FIG3
Feuc osuA2 { MSUA — 23—
: M8UA —é;—<-
4 } M7UA —C—4
. |
c 02UA2 MIUA —C%—4

h r
Flua QLA diwa | By | MioDA—3—4
Fuug “oua2 MoDA —C1—4

: 0ZDAl r '
Y v |
» DEZDC A2 M3DA ;-a—<—>CA
n

3DA

T [
F3DA p M2DA —+—4

F308

:
-
g

<080AI T f
FB?:A ——Lﬁ/ ok = da

80
Faoc osDA2

FooC Oa0A2 ir°




PATENTEDSEP 21875
SHET 3 OF 9

FIG. 4

NOAI RI

cA — F——

NOBI RI

) R NO/BZ
B —JF—+——3 {4
NOICI ]

cc —ﬂl—é———g—ﬂ%—z—

c
: iOF‘I

NoA3 ?2 FIG.5
S’?ERZ |

R NOA2

—

3,802,571

- NOC3 R2 R4 RS
3
Ro ﬁé}——J-—Q‘
v P2 ;
. )
Ri Ri FIG.6 Ve
C T+ 03—
R VoPAI
cA _t;_L_(%_J A Yy
oRl RS
“ VoP2 —{ J—e0a
CMAI
Vi
IH
A2
|~ E2A
V2




PATENTEDSEP 21875 3,802,571

SHEET Y OF 9
EaAE' A F Al G.7
EOA ASDA| ) copag
FIDA
FIODA
FOUA LSDA
SDA3
AODAIIOD) OloDAg. 0 IN9DAS
FIODA soas] INODAZ
PuA ;ajp;r
FBUA AIODAZ | TYODA LioDA
AIODA3 loD | MIoD
ASUAI (SU) INIODA3
FSUA o  INSUA2
| O9UAS! UAS
FBUA o
FTUA =-\JASUAZ [INQUAD LSUA
A3 MSU
8UAIiaL) osuAg
FBUA IN8UA2 INBUA3
FuA -+
0BUA3 {1NSUA LBUA

FEUA =/ aguA2




CATENTEDSEP 21975 13,802,571
SICET S OF 9

MSuU

[o]
@®
(=

e
L

e @
o

MsuU

333272

@®
=4
O

M2u

e

OIJ

Miv

TR 292 239373
555 ===
R EeS 556
%

g
]

0
MIOD

o
]

MSD

Ry 3DA
Ry 30C oD

DA

208 E>_Mzo

Ry 2bC

FIG.9

IN2UA2 IN2UB2 IN%UCZ

J fl @——- 2u
o2um c4
o2uB3
02UA3 oacs




PATENTEDSEP 21975 3.802,571
SHEET 6 OF 9

FI1G.I0 FIG.11

P N

SSUA RySUAal
ReuA  RYBUA vepe »——@f———ilﬂ—

| I
R2 HC2Ua2 soua  RypUA
L2UA —-&—g e —@_—”—"
A | RYJuAa
RIUA  RYIUA HCluaz b-—@3———| '

RIODA  RYIODA HCIODa2 S9DA Ry9DAw
LIODA & ( ) ”_f_‘ h—-@‘———”J—-—<

|

RODA RYSDA HC9D® | l

o O |
| |

} { ‘ 35330‘\ R§3Dﬂdl .

R3LA Y3L5VHCIEDL¢;‘ _@i——il*

R2DA RY2DA HC2)
7

L3DA

L2DA



PATENTEDSEP 21875 3,802,571
SHCET 7 0F 9

p FIG.12
N
DNAb UDA
) CSTAG
USTAml
STI)& CSTA S
L
U{’Abz DSTA
I ( y |f7
USTAb
DNAbz USTA
[jd
L)
DSTAb
UPAb1 :DDA




PATENTEDSER 21875

SHEET 8 OF 9
FIG.13
o N
o oo
—0
Hoob L9}
#8.C F10Acs DSTAJ&
I L
rou HSJ,J_D_
q r——Q—-——o 04
HC
AT
#B8.C - }iQAM u:?xloz
r9£ HOD Y
q ——0 O—¢
HCODa
HC9D ——LI
pll =7
l
]
|
H3D
r3 \
'{LQ:%
HC3Dar
¥BC —F
) ,l/F3NM
L 4
r H2U~.
._&_Q___o%q
Ua
Heau —
2l HZD\
L ? 1 )
o reen
rl% N HiUo
o—‘
HCIUE [Hel |

+BC

3,802,571



PATENTEDSEP 2175 3,902,571

SHET 9 OF 9
' FIG.14 N
DNAbi UDA
T H C)usma;Ll (DSTRar | FlOAb:

STA cSTA T T TFoMn 3% CIoA

+ |——‘r_—<} —F

N
UPAb2 <DSTA Fiofa =~ RylODA
= 4P—+ﬂ F—

UST2b FIOAlefE

DNAbe DSTAb '
WI' F9N=J ) N RHJMZ .
I oAb L E =

USTA pstab F9Aa2 Rysuauz

Fesaz e \--Ry2UBuz

3
LE
=7

4

L

P N
S2UAB
FIG.IS | e Ry2Uhas
\J e
Ry2UBos
s&”f{ Ry2UCas .




3,902,571

1
ELEVATOR CONTROL SYSTEM

The present invention relates to an improved eleva-
tor control system effectively used with an clevator sys-
tem comprising a plurality of elevator cars serving a
plurality of floors.

In common practice, when a hall call button is de-
pressed by a waiting prospective passenger, a lamp in-
corporated in the hall call button is turned on to inform
the prospective passenger of the registration of the hall
call, which is maintained effective until it is cancelled
by the arrival of any one of the cars to serve the floor.
This is advantageous in preventing troublesome repeti-
tion of the operation of the hall call button on one hand
and a plurality of cars from serving one hall call.

The prospective passenger, on the other hand, is not
sure which of the cars is ready to answer the hall call,
because it is impossible to predict at the time of genera-
tion of the hall call which of the cars actually arrives
first at the floor from which the hall call was originated.

The increased recent demand for improved car ser-
vice has led to the efforts of those skilled in the art to
develop a system for informing a prospective passenger
earlier which of the cars is ready to serve him. In such
a system, the operating condition of each car is de-
tected at each moment so as to select early a car which
is capable of serving most efficiently a hall call which
has been gencrated.. A guide lamp provided on the
landing of the floor from which the hall call was origi-
nated is turned on to inform the prospective passenger
of the expected earliest arrival of the car to serve him.
The availability of this early information on the first-
arriving car enables the prospective passenger to move
into position in front of the door for that particular car
early enough to prepare himself to take that car, thus
eliminating the nced for watching the movement of all
of the remaining cars.

It was already mentioned that the hall call is main-
tained effective only until the arrival of any one of the
cars, and the shortcoming of the above-mentioned ele-
vator control system has proved to be an inconvenience
which often occurs at rush hours when a car other than
the car the service of which was indicated to the pro-
spective passenger is decelerated to stop at that calling
floor by a cage call, in spite of the fact that a hall call
is not transmitted to any car other than the indicated
car.

When the car other than the car indicated by the
guide lamp serves carlier the floor from which the hall
call was originated, the registration of the hall call from
that floor is cancelled inconveniently, with the result
that the particular car selected for indication on the
guide lamp passes by the floor without being deceler-
ated for serving the floor. This has so far been consid-
cred to be instrumental in improved efficiency in car
service, saving wasteful stoppage of cars. The failure of
the car sclected for indication on the guide lamp to
serve the floor where the prospective passenger was
waiting, however, causes not only the confusion of the
prospective passenger but is a discredit to the guide
lamp. The problem becomes even more serious when
the car which has arrived earlier is situated farther than
the landings adjacent to the landing to which the pro-
spective passenger was moved by the indication on the
guide lamp. In such a case, the prospective passenger,
if he fails to take the car that has arrived at his floor
carlier, must take trouble to depress the hall call button
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again, thus offsetting the expected advantage of effi-
cient car service by reduction of the number of times
cars stop.

An object of the present invention is to provide an
elevator control system which enhances the reliability
of the guide lamp for informing prospective passengers
which of the cars is going to answer the hall calls from
them, thereby improving car service to them.

‘Another object of the invention is provide an eleva-
tor control system which eliminates wasteful decelera-
tion and stoppage of cars for improved operation
thereof.

One of the features of the invention lies in that the
registration of a hall call from a landing of a floor is
cancelled only when that car which is indicated on the
guide lamp at that landing of the floor to serve the same
floor is decelerated to stop thereat.

Another feature of the invention is that the registra-
tion of a hall call from a landing of a floor is cancelled
only when the car indicated on the guide lamp at the
landing to serve that landing or a car running in an im-
mediatcly adjacent hoistway arrives at the floor, which-
ever earlier.

The above and other objects, features and advan-
tages will be made apparent by the detailed description
taken in conjunction with the accompanying drawings,
in which:

FIG. 1 is a diagram for explaining the operation of an
elevator group control system according to an embodi-
ment of the invention;

FIGS. 2 to 13 show an actual example of the inven-
tion as applied to an elevator system comprising threce
cars A, B and C scrving Ist to 10th floors, among
which;

FIG. 2 is a diagram showing a detection circuit pro-
vided for car A for detecting the spatial interval be-
tween car A and the succeeding car, a like circuit being
provided for each of the other cars;

FIG. 3 is a diagram showing a circuit for detecting the
number of calls to be answered by car A, a like circuit
being provided for each of the other cars;

FIG. 4 is a diagram showing a circuit for counting an
average number of calls to be served by each of cars A
to C;

FIG. § is a diagram showing a reference voltage gen-
erator circuit used with the comparator shown in FIG.
6;

FIG. 6 shows a circuit for determining the time inter-
val between car A and other cars, a like circuit being
provided for each of the remaining cars;

FIG. 7 is a diagram showing a circuit for determining
the service zone of car A, a like circuit being provided
for each of the remaining cars;

FIG. 8 is a circuit provided for cach floor for prohib-
iting the answering to a hall call subsequent to the de-
termination of which car to serve the hall call;

FIG. 9 is a circuit provided for cach floor for deter-
mining the order in which the three cars are to answer
a hall call from that floor;

FIG. 10 is a diagram showing a circuit provided for
car A for making a decision to serve a hall call for car
A, a like circuit being provided for each of the other
cars;

FIG. 11 is a diagram showing a circuit for driving a
guide lamp for car A, a like circuit being provided for
each of the other cars;
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FIG. 12 is a diagram showing an embodiment of a de-
tection circuit specific to the present invention for de-
tecting the direction of travel of car A and the nature
of a hall call for car A, a like circuit being provided for
ecach of the other cars;

FIG. 13 is a diagram showing an ¢cmbodiment of the
reset circuit specific to the invention for registration
and cancellation of a hall call, a like circuit being re-
quired for each of the other cars;

FIG. 14 is a diagram showing another embodiment of
the circuit for detecting the direction of travel of car A
and the nature of a hall call therefor, a like circuit being
provided for cach of the other cars; and

FIG. 15 is a diagram showing a circuit provided for
each floor for cnergizing a guide lamp for cach car
group.

Prior to explaining the invention, a group clevator
control system to which the present invention is suit-
ably applied will be briefly described below.

The diagram of FIG. 1 is for explaining the operation
of the group control system used with an clevator sys-
tem comprising. cars A to C scrving the first to 10th
floors. The purpose of a group control system is to cffi-
ciently control the operation of all the cars included in
“the system by systematically relating the cars to each
other. To achieve this purpose, such factors concerning
the operating conditions of the cars as the intervals be-
tween cars and the number of floors to be served by
cach car are detccted to equalize them as far as possi-
ble. Further, a scrvice zone of each car which covers
the floors expected to be served by the particular car
in response to hall calls from such floors is determined
and changed at each moment in accordance with the
operating condition of the car. Thus, a hall call origi-
nating from a floor is transmitted to a car having the
service zone covering that floor, requiring it to scrve
the floor. In other words, the service zonc of a car is an
important factor in making decision that that car is re-
quired to answer a hall call originating from within that
service zonc.

The service zone will be explained more in detail with
reference to FIG. 1. As shown, car A is traveling up at
the second floor, car B traveling down at the ninth floor
and car C travcling down at the second floor. The ser-
vice zones of the cars include the floors as indicated by
arrows respectively. Assuming that an up hall call is
generated from the eighth floor, the hall call the origin
of which is included in the service zone of car A is
transmitted to the control device for car A, so that it is
determined that car A is required to serve the hall call.
This constitutes an effective means to determine early
which of the cars is to answer a hall call. The car which
was specified to serve the hall call is indicated on the
guide lamp on the floor from which the hall call was
originated, thus informing the prospective passenger
which of the cars is to scrve him.

The above-described elevator group control system
as applied to the present invention will be explained
with reference to FIGS. 2 and 3 showing an embodi-
ment.. Prior to the explanation, certain terms used in
this specification will be defined as follows: An “inter-
val” means a spatial interval between the physical posi-
tions of two given elevator cars and/or time interval
based on the number of floors to be served. A “position
signal” means a signal representing physical or actual
position expressed in the form of the floor number or
distance and/or a provisional position which is in ad-
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4
vance of the corresponding actual position. For in-
stance, the provisional position of a car traveling up at
the third floor may be the fourth, fifth and sixth floor
depending on whether it is running at low, medium or
high speed, respectively.

It is also assumed in the embodiment undcr consider-
ation that cars A to C scrve the first to 10th floors.

Rcferring to FIG. 2 showing a circuit for detecting
the spatial interval between car A and a succeeding car,
reference symbols FIUA to FOUA show position sig-
nals for car A in up travel indicating the first to ninth
floors respectively, symbols F2DA to F10DA position
signals for car in down travel indicating the second to
10th floors respectively, symbols F1UB to FOUB posi-
tion signals for car B in up travel indicating the first to
ninth floors respectively, symbols F2DB to F10DB po-
sition signals for car B in down travel indicating the sec-
ond to 10th floors, symbols FIUC to FOUC position
signals for car C in up travel indicating the first to ninth
floors, symbols F2DC to F10DC position signals for car
C in down travel indicating the second to 10th floors
respectively, sybmols 01UA1 to 09UA2 and 02DAI1 to
010DA2 “OR” elements, symbols IIUA to I9UA and
I12DA to 110DA inhibit elements, symbols r, and r, re-
sistors and symbol da a signal indicating the spatial in-
terval between car A and the succeeding car.

As shown in the drawing, the service floors F1U,
F2D, F3D... F9D, F10D. F9U, F8U . . . F2U and F1U
are cndlessly connected, through which position signals
F1UA to FOUA and F2DA to F10DA are transmitted
in sequence until they are interrupted by either a posi-
tion signal of car B or that of car C when signal da rep-
resenting an spatial interval is obtained from signals
from cach floor and the resistors ry and rq.

It is assumed now that car A is traveling up at the
eighth floor, car B traveling up at the second floor and
car C traveling down at the fifth floor, car B suceeding
car A. Position signal FSUA of car A is applied through
F8UA, 08UAL, ISUA, 07UAL ... I13UA, 02UA1 and
I2UA in that order. Position signal F2UB of car B
which is in the state of 1 is applied through 02UA2 and
[2UA thereby to prevent the output from being pro-
duced by the inhibit element I2UA, so that no signal is
applied to the following stages.

As will be noted from the above description, inhibit
clements ISUA, I7UA . . . [4UA and I3UA produce 1|
signals and a signal corresponding to the position signal
representing the six floors is produced across the resis-
tor r, through the resistors r; connected to the above-
mentioned inhibit elements, which signal constitutes
signal da. In this case, if the value of r, is larger than
that of r,, a signal in proportion to the number of floors
is produced across the resistor r.

Referring to FIG. 3 showing the circuit for detecting
the number of hall calls to be served by car A, refer-
cnce symbols M1UA to MO9UA and M2DA to M10DA
are signals representing the floors to be served by car
A, among which those signals corresponding to hall
calls or cage calls which have been generated are con-
verted into the state of 1. As in the circuit of FIG. 1, sig-
nal CA proportional to the number of calls to be served
is obtained through the resistors r, and r,,.

The circuit of FIG. 4 is provided for the purpose of
calculating the average number of hall calls for each
car by the calculating processes of addition and divi-
sion of the number of hall calls to be served by each
car. Reference symbols CA to CC show signals repre-
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senting the number of calls to be served by cars A to
C respectively as calculated by the circuit of FIG. 3,
and symbols NOA1, NOA2, NOB1, NOB2, NOC1 and
NOC2 contacts adapted to be opened when cars A to
C are released from controlled operation respectively.
Symbol R, shows an operational resistor and OP; an
operational amplifier through which the polaritics of
input and output are reversed.

As long as cars A to C are in controlled operation, all
of the contacts NOA1, NOA2, NOB1, NOB2, NOC1
and NOC?2 are closed. Let the call inputs for cars A to
C during such period be CA, CB and CC, then the out-
put C of the operational amplifier is cxpressed as

—R,

-1
(CA+ CB+CC)= I (Ca+ CB+CC)

= (@B}

3
R;
When car A is released from controlled operation,

R,
3

R

=1
(CB+CC)y= 2—( CB + CC)

Cc=-

In other words, the output C of the operational ampli-
fier gives an average number of hall calls to be an-
swered by each car.

A circuit for producing reference voltages used in the
circuit of FIG. 6 is shown in FIG. 5. When cars A to C
are in controlled operation the contacts NOA3 to
NOCS3 are opened, and therefore the output of the op-
eration amplifier OP2 is given as

—R, R,
Vop, = T (—V,y= ?Vu (2)
By appropriately selecting the resistors Ry/R,, adjust-
ment is possible to obtain Vop, of 6 volts.

When car A is released from controlled operation, on
the other hand, contact NOAJ3 is closed and the output
of the operational amplifier OP2 is

R, / R, ,
Vop, = — R, (—V,)— Ra (—V)

1 1
= R, (R:, * R )

In this case, also, it is possible to make Vop, of 10 volts
by appropriately selecting the value of resistor R,. In
this way, the output voltage of the operational amplifier
is appropriately divided by the variable resistors R; and
R, to obtain reference voltages V, and V, for the com-
parator used in the circuit of FIG. 6. Thus, reference
voltages V, and V, are made 5 and 4 volts respectively
when Vop, is 6 volts, whereas they are made 8.3 and
6.6 volts when Vop, is 10 volts.

In FIG. 6 is shown a circuit for determining the inter-
val between car A and other cars, to which signals are
applied from the circuits of FIGS. 2 to 5. In the drawing
under consideration, reference symbols OPA1 and
OPA2 show operational amplifiers, symbols CMA1 and
CMAZ2 comparators each producing a 1 signal when
the sum of the two inputs thereto is zero or positive,
symbol NA a NOT element, symbol IH an inhibit ele-
ment and symbols EOA to E2A instruction signals to
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6

advance the position of car A to a provisional position,
signals EOA, E1A and E2A instructing the position of
car A to be advanced by zero, onc and two floors provi-
sionally, respectively.

The number CA of hall calls to be served by car A
which is obtained from the circuit of FIG. 3 is sub-
tracted from the average number C of hall calls ob-
tained from the circuit of FIG. 4, whereby the opera-
tional amplifier OPA1 produces an output

i
Vopy =—(Cd + Oy = —CA+ “7(CA+ CB+CC) (3
In like manner, the operational amplifier OPA2 pro-
duces an output

—RYA
R7A

RYA
g dd

REA (4)

Vop.= Vop., —

Appropriate selection of the ratio of R7A to R9A per-
mits the car interval of one floor to correspond to, say,
I volt, and one hall call to, say, 3 volts. This is equal to
say that the time intervals of the cars are calculated by
appropriately adjusting the balance between the weight
of the spatial intervals and that of the number of hall
calls. From equation (3),

CA+CB+ CC
Vopp ==K, {—-Ci4+ _““} —K.dA
Kl
=K, CA ~ 2 (CH + CB + CC) — Kydd (5)

< It will be readily understood that when the number of

hall calls to be answered is equal to the average number
of hall calls, the first term is equal to the second term
on the right side of equation (5), and therefore Vop ;s
—K,dA. On the other hand, when the number of hall
calls to be scrved by car A is more than the average
number of hall calls by one,

K
K,Ca— .;;( CAHCB+ CC)=+31"

By contrast, if the number of hall calls to be served by
car A is less than that of the average number of hall
calls by one,

K
K(CA— %((:4 +CB+ CC)=-3V

Thus the time interval of cars as related to the number
of hall calls is obtaincd.

Assume, for cxample, that the spatial interval be-
tween car A and a succeeding car is six floors and the
number of hall calls for car A is more than the average
number of hall calls by one.

Vop, =43V — 6V =—3V

If reference voltages of 5 and 4 volts are used as V, and
V., applied to the comparators CMAL and CMA2 re-
spectively, the comparator CMA1 which receives the
reference voltage of 5 volts in addition to the input of
—3 volts produces a 1 signal, while on the other hand
the comparator CMA2 on receipt of the reference volt-
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age of 4 volts in addition to the input of —3 volts also
produces a | signal. The instruction signal E2A to ad-
vanee the car position becomes I, while the instruction
signals E1A and EOA are both brought into the state of
0 because the inhibit element IH produces no output on
one hand and a | signal is applied to the NOT element
NA on the other.

When Vop. is =5V, the comparator CMAL1 the two
inputs of which are —5 and 5 volts produces a 1 signal,
while the comparator CMA2 produces no output or is
in the state of O on receipt of inputs of —5 and 4 volts.
In this way, the time intervals between cars are deter-
mined by the comparators CMA1 and CMA2 and the
corresponding instructions EOA to E2A arc produced
to advance the positions of the cars as required.

The diagrams of FIGS. 7 to 9 show a circuit for deter-
mining the service zone of car A on the basis of the po-
sition signal and interval signal obtained for car A. In
the drawings, reference symbols A1UAIL to A9UA3
and A2DA1 to A10DA3 show AND elements, O1UA3
to O9UAS and O2DA3 to O10DAS OR clements, IN-
1UA1 to INQUA3 and IN2DA1 to IN1ODA3 inhibit cl-
ements, symbols 1U to 9U and 2D to 10D inhibition
signals produced from the OR elements as shown typi-
cally in FIG. 9, symbols M1U to M9U and M2D to
M10D inhibition signals typically produced as shown in
FIG. 7, symbols L1UA to L9UA and L2DA to L10DA
signals rcpresenting service zones of car A and are ap-
plied to the circuit of FIG. 10.

In the above-mentioned arrangement, let us consider
a hypothetical case in which the position advancing in-
struction signals EOA and EOB are both in the state of
1 for cars A and B respectively which are located at the
second and 10th floors and traveling up and down re-
spectively, car C being located at the fifth floor for
down travel.

The fact that car A is situated at the 2nd floor and the
instruction signal EQA is 1 causcs a 1 signal to be pro-
duced from the AND element A2UA1, which signal is
applied through the OR clements O2UA3, O2UAS and
inhibit elements IN2UA2 and IN2UAS3 in that order.
The signal from the OR element O2UAS is applicd
through the inhibit element IN2UA2 to the inhibit ele-
ment IN3UAI1 for the third floor, then up to the corre-
sponding inhibit element for the seventh floor (not
shown). The output signal from the seventh-floor in-
hibit element is applied to the inhibit element INSUA1
wherefrom it is applied through O8UAS, INBUA2, IN-
9UA1, O9UAS, INSUA2 and IN1ODAL. This signal
causes the output signals of inhibit elements IN2UA3,
IN9UA3 to become 1. The signal from the OR element
O2UA3, on the other hand, is applied to the OR ele-
ment O2UA4 and produced from the circuit as shown
in FIG. 9 in the form of inhibition signal 2U. Under this
condition, only the output from the OR element
O2UA3 is applied to the OR clement O2UA4 for car
A, from which the signal is applied to the OR element
O2UB4 and the inhibit clement IN2UB2, while the out-
put of the OR element O2UB4 is applied to the OR ele-
ment O2UC4 and inhibit element IN2UC2 for car. The
output signal from the OR element O2UC4 is trans-
formed into the inhibition signal 2U, which is applied
to the inhibit elements IN2UA1, IN2UBI1 and IN2UC1
as an inhibition input thereto as shown in FIG. 7.

In the event that cars A to C are traveling up at the
2nd floor, the inhibit elements lN2UA2 IN2UB2 and
IN2UC?2 are prohibited from producing their outputs in
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that or order of priority. In the described case, the sig-
nal from the OR element O2UA3 for car A becomes 1
and is applied as an mhxbmon signal 2U to the inhibit
element IN2UC1 to put the output of the inhibit ele-
ment O2UA3 into the state of 0.

Similarly, the down travel of car B at the 10th floor
causes the inhibition 51gnal 10D to become 1, so that
the output of the inhibit element IN10DAL1 for car A
is brought into the state of 0. The output signals L2UA
to L9UA from the irihibit elements IN2UA3 to IN-
9UA3 become . These signals L2ZUA to LYUA repre-
sent the service zone of car A covering the second floor
up to the ninth floor up. Under this condition, the ser-
vice zones of cars B and C respectively include the 10th
floor down to the sixth floor down and the fifth floor
down to the first floor up.

Singlas L1UA to L9UA and L2DA to L10DA thus
obtained arc applied to the circuit of FIG. 10 for decid-
ing on the response to hall calls, for car A.

Referring to FIG. 10, the signals LIUA to L9UA and
L2DA to L10DA in combination with hall calls cause
the response decision relays RylUA to Ry9UA and
Ry2DA to Ry10DA to be energized through the ampli-
fier elements R1UA to RQUA and R2DA to R10DA re-
spectively.  Contacts HC1Ua2 to HC9Ua2 and
HC2DUa2 to HC10DUa2 are closed by the registration
of corresponding hall calls.

The diagram of FIG. 11 shows a guide lamp energiz-
ing circuit provided for the purpose of informing the
prospective passenger of expected car service by turn-
ing on the guide lamps S1UA to S9UA and S2DA to
S10DA on the landings of the floors in response to the
energization of relays Ryl1UA to Ry9UA and Ry2DA
to Ry10DA respectively.

Assume that car A is charged with the service zone
of the sccond floor up to the ninth floor up and an up
hall call from the eighth floor is registered. Signals
L2UA to L9UA are in the state of 1, and the contact
HC8Ua2 is closed. A loop comprising LS8UA, RS8UA,
Ry8UA, HC8Ua2 and P is formed thereby to energize
the response decision relay Ry8UA. Thus it is decided
that car A answer to the hall call, so that the signal from
the relay Ry8UA is transmitted not only to the control
device for car A but the guide lamp energizing circuit
as shown in FIG. 11. The contact Ry8UAal is closed
thereby to turn on the guide lamp S8UA on the eighth-
floor landing for car A, thus informing the prospective
passenger that car A is ready to answer the up hall call
from the eighth floor.

Explanation will be made now of the circuits shown
in FIGS. 12 and 13 which incorporate the features of
the invention. The circuit of FIG. 12 is for determining,
in response to a hall call or cage call, the direction of
travel of car A and the nature of a call generated at the
time of deceleration and stoppage, while the circuit
shown in FIG. 13 is for registration and cancellation of
a hall call for car A, similar circuits being required for
cars B and C as will be easily noted from the descrip-
tion which will be made later. In the drawings, refer-
ence symbol PN shows a DC power supply, symbol
UDA a relay for deciding on the up travel of car A,
symbol DDA a relay for deciding the down travel of car
A, symbols UPAb and DNADb contacts b of relays
closed when car A is traveling up and down respec-
tively, symbol CSTA a relay for detecting the stoppage
of car A in response to a cage call, symbols USTA and
DSTA relays turned on by the stoppage of car A in re-
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sponse to a hall call during its up and down travel re-
spectively, symbol STA a relay contact energized when
car A is decelerated or stopped, symbols FlAal to
F10Aa2 and F1Ab1 to F10Ab3 contacts « and b of re-
lays which are energized when car A is located at the
Ist to 10th floors respectively, symbols RylUAa to
Ry10DAa contacts of the response decision relays
Ry1UA to RylODA respectively shown in FIG. 10,
symbols r1U to r9U and r2D to r10D resistors, symbols
H1U to H9U up hall call buttons provided at the first
to ninth floors respectively, symbols H2D to H10D
down hall call buttons provided at the second to 10th
floors respectively, symbols HCIU to HC9U and
HC2D to HC10D call registration relays energized in
response to the operation of the hall call buttons H1U
to H9U and H2D to HI10D respectively, symbols
HC1Ua to HC9Ua and HC2Da to HC10Da contacts of
the call registration relays HC1U to HCOU and HC2D
to HC10D respectively, and symbol No. B, C the fact
that similar hall call registration cancellation circuits
for cars B and C are not shown in the drawing.

When a cage call for the ninth floor is issued from
within car A in up travel at the 1st floor and the posi-
tion detecting relay F1A (not shown) is turned on, the
up travel decision relay UDA is turned on through the
formation of a loop comprising P, DNAb, UDA,
F10Abl, F10Ab2, F10Ab3, F9AbIL, FOAb2, C9A and
N. Upon the deceleration of car A in the vicinity of the
ninth floor in response to the cage call for the ninth
floor, the cage call service relay CSTA is turned on
through P, STA, CSTA, F9Aa2, C9A and N and self-
held through P, STA, CSTA, CSTAa, and N, thereby
deciding that the ninth floor is being served in responsc
to the cage call. In like manner, when a hall call instead
of a cage call is issued for up or down travel, the relay
USTA or DSTA is turned on respectively, thus recog-
nizing the nature of the call issued at the time of car de-
celeration, as will be described more fully later.

Explanation will be made now of the operation of the

hall call registration and cancellation circuits shown in -

FI1G. 13.

Referring again to FIG. 12, the hall call registration
relay HC9U is turned on through the loop consisting of
P, r9U, HC9U, H9U and N and self-held through the
loop consisting of P, r9U, HC9U, HC9Ua, and N at the
press of the hall call button HOU for up travel at the
ninth floor. At this moment, assume that car A has the
service zone of up travel covering the 2nd to 9th floors
and signals L2UA to L9UA in FIG. 6 are 1. The forma-
tion of the loop comprising L9UA, ROUA, RyQUA,
HC9Ua, and P in FIG. 10 causes the response decision
relay RyQUA to be turned on, so that the guide lamp
S9UA of FIG. 1 is turned on through the loop compris-
ing eo, SQUA, Ry9UAa, and ¢’o and acts on the circuit
of FIG. 12. The up travel decision rclay UDA for car
A is turned on through the loop comprising P, DNAb,,
UDA, F10Aa,, F10Ab., F180Ab;, FO9ADb,, Ry9UAa, and
N thereby to detect the presence of a hall call issued
from an upper floor. When car A moves up farther and
is decelerated in response to a signal from the response
decision relay Ry9QUA, the up hall call service relay
USTA is turned on through the loop consisting of P,
STA, DNADb,, USTA, DSTAb, F9Aa,, Ry9UAa, and N
and self-held by way of the loop consisting of P, STA,
DNADb,, USTA, DSTADb, USTAa,; and N. With the en-
ergization of the up hall call service relay USTA, the
coils of the call registration relay HC9U are short-
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circuited by way of the loop comprising P, r9U, F9Aa,,
USTAa, and N. As a result, the call registration rclay
HC9U is turned off thereby to de-energize the response
decision relay Ry9UA shown in FIG. 10. In other
words, upon completion of service to the prospective
passenger by the car indicated to him, the registered
hall call by him was cancelled.

It will made apparent from the above explanation
that the registration cancellation circuits for cars B and
C the presence of which is shown by symbol No. B, C
in FIG. 13 comprises, like the registration cancellation
circuit for car A or the circuit for short-circuiting the
call registration relays HC1U to HC9U and HC2D to
HC10D, contacts of position detecting relays and
contacts of up hall call service relays and down hall call
service relays.

Consider a case in which car A receives an up hall
call, while car B arrives earlier than car A at the ninth
floor in response to a cage call issued therein. As will
be apparent from FIGS. 12 and 13, the response deci-
sion relay Ry9UB for car B is not energized because it
did not answer the hall call. The up hall call service
relay USTB for car B similar to the circuit of FIG. 12
is not energized and therefore the circuit for short-
circuiting the hall call registration relay HC9U similar
to that shown in FIG. 13 is not formed, thus maintain-
ing the hall call registration rclay HC9U ecnergized.

As can be seen from the above explanation, accord-
ing to the control system of the invention, a hall call re-
mains registered until the car the expected service of
which is indicated to the prospective passenger in re-
sponse to the hall call has arrived at the floor on which
he is waiting. It does not matter whether the prospec-
tive passenger actually takes car A or not. But the im-
portant thing is to assure him that car A will stop at his
floor without fail for his service. This offers a big ad-
vantage of superior clevator service taking into consid-
eration the psycological state of the prospective pas-
senger. Repeated changes in the car service schedule at
a given floor is an adverse factor in the car arrival fore-
casting system, giving risc to disbelief on the part of
prospective passengers. Such disadvantage is obviated
by the present invention.

Other embodiments of the circuit for determining the
direction of travel of car A and the circuit for determin-
ing the nature of a call issued during the deceleration
and stoppage of car A are disclosed in FIG. 14. Unlike
the preceding embodiment in which the registration of
a hall call is cancelled only by the deceleration and
stoppage of a car the expected service of which is indi-
cated to the prospective passenger in response to the
hall call, the embodiment under consideration is such
that the deceleration and stoppage of the car involved
or a car in the adjacent hoistway, whichever arrives
earlier, causes the registration of the hall call from that
floor to be cancelled. This is based on the self-evident
theory that if, say, car B adjacent to car A arrives ear-
lier at the calling floor in response to a cage call in spite
of the fact that the expected service by car A has been
indicated to the prospective passenger waiting at that
floor, he will most probably take car B disregarding the
indication of expected arrival of car A, with the result
that car A stops at the calling floor for nothing at the
sacrifice of the operating efficiency of car A and supe-
rior car group control.

In FIG. 14, like symbols show like component ele-
ments as in FIG. 12, It is also assumed that cars A and
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B arc running along adjacent hoistways. The contacts
Ry1UBa, to Ry9UBa, and Ry2DBa, to Ryl10DBa, of
the response decision relays RyiUB to Ry9UB and
Ry2DB to Ry10DB for car B are connccted in parallel
with the contacts RylUAa, to Ry9UAa, and Ry2DAa,
to Ry10DAa, of the response decision relays Ry1UA to
Ry9UA and Ry2DA to Ryl10DA for encrgizing the up
hall call service relay USTA and the down hall call scr-
vice relay DSTA respectively. The circuit for deciding
the nature of a call for car B is also provided with the
contacts of the response decision relay of car A.

Assume that the up hall call button H9U of the ninth
floor in FIG. 13 is depressed so that the hall call regis-
tration relay HC9U is sclf-held and it was decided that
car B is to respond to the hall call. The responsc decci-
sion relay Ry9UB for car B is encrgized thereby to
close the contact Ry9UBa,. Under this condition, if car
A arrives at the 9th floor earlier than car B for up travel
because of a cage call issued in the cage of car B, the
formation of the loop comprising P, STA, CSTA,
F9Aa,, C9A and N in FIG. 14 causes the cage call ser-
vice relay CSTA to be energized and self-held. At the
same time, the loop comprising P, STA, DNAb, USTA,
DSTADb, F9Aa,, Ry9UBa, and N is formed thereby to
energize the up hall call service rclay USTA. As a re-
sult, in spite of the fact that car B indicated for rc-
sponsc has yet to arrive at the ninth floor, the cancella-
tion loop comprising P, r9U, F9Aa,, USTAa, and N as
shown in FIG. 13 is formed thereby to reset the hall call
registration relay HC9U, and the response decision
relay Ry9UB for car B is also reset to prevent car B
from stopping at the ninth floor.

As can be noted from the above cxplanation, a hall
call is cancelled also when a car running in the hoistway
adjacent to that of the car the expected service of
which has been indicated to the prospective passcnger
arrives earlier. This embodiment is applied also to the
case where adjacent cars are on both sides of the car
the expected response of which is indicated, by provid-
ing another response decision relay.

The circuit shown in FIG. 15 is provided for the pur-
pose of turning on a guide lamp common to a group of
cars. For example, a guide lamp S2UAB common to
cars A and B is provided for up travel at the second
floor, a like guide lamp being required for each floor
for each direction of travel. Reference symbols Ry-
2UAa, to Ry2UCa, show contacts of the response deci-
sion relays Ry2UA to Ry2UC for cars A to C respec-
tively.

In view of the fact that cars A and B have a common
guide lamp, even if it has been decided that car A re-
spond to the hall call. the arrival of car B earlier than
car A at the calling floor in response to a cage call from
within car B will causes the prospective passenger to
take car B in the belief that car B has responded to his
call. This eliminates the need for the service by car A
and requires the hall call to be cancelled. In other
words, the guide lamp used in this case has the func-
tions to forecast the arrival of either car A or car B, and
therefore the guide lamp must be reset upon comple-
tion of service by car A or B, while it is required to be
maintained ON cven if a car other than cars A and B
arrives at the calling floor.

The present invention is obviously applied with equal
effect to such case as mentioned above. Even though
the circuit of FIG. 14 is directly applied to a car group
including a couple of cars, the application of the same
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circuit to a group involving more than two cars rcquires
parallel provision of additional response decision relay
contact.

In the above-mentioned embodiment with a common
guide lamp for a plurality of cars, a service zone for
each car is defined, a car to respond to a hall call speci-
fied and then a common guide lamp for the group in-
cluding the specified car is turned on thereby to inform
the prospective passenger of the expected arrival of the
car. It is not necessary, however, to specify a car to re-
spond to a hall call, but it suffices only if a car group
ready to serve the hall call is determined to turn on the
common guide lamp for that group. An elevator group
control system incorporating such operating principle
was already disclosed, and the present invention is ap-
plied to such system with equal effect in such a manner
that only the arrival of a car included in a group indi-
cated on the common guide lamp causes a hall call re-
gistration to be cancelled, while it remains uncancelled
even on the arrival of a car belonging to another car
group.

In addition to the above-described embodiments, the
present invention is applied with equal effect to every
elevator system comprising a plurality of cars or car
groups serving a plurality of floors.

The circuit for recognizing the nature of a call and
the circuit for registration and cancellation of a hall call
to achieve the objects of the invention are not confined
to those mentioned above but may be presented in vari-
ous forms.

Although the above explanation was made with refer-
ence to an elevator group control system in which the
operation of each elevator car is systematically corre-
lated by detecting such factors as the intervals between
cars and the number of calls to be served to achieve the
improved operating efficiency of an elevator system in-
cluding a plurality of cars, the present invention is not
limited to such group control system but may be ap-
plied with equal effect to a system in which the circuits
of FIGS. 2 to 6 are omitted and the position advancing
signals EQA to E3A are not figured out. In such a case,
the position signals FIUA to FOUA and F2DA to
F10DA for car A are directly applied to the OR ele-
ments O1UA3 to O9UA3 and O2DA3 to O10DA3
shown in FIG. 7.

Further, the invention is applied to a case in which
instead of specifying a car on the basis of the service
zone thereof, a car situated the nearest to the calling
floor is specified as a car to answer the hall call from
that floor and indicated on the guide lamp on that floor.

What is claimed is:

1. An elevator control system comprising a plurality
of elevator cars serving a plurality of floors, means for
registering a hall call from a prospective passenger,
means responsive to said registering means for select-
ing a car or car group to answer said hall call, means
for directing said selected car to proceed to and stop at
the floor from which the hall call originated, means re-
sponsive to said sclecting means for informing a pro-
spective passenger waiting on the landing of a floor at
which the specified car or car group will respond to the
hall call from the prospective passenger, means for de-
tecting the deceleration or stoppage of the car selected
by said selecting means at the floor from which the halil
call was originated, and means for cancelling the regis-
tration in said registering means of said hall call from
said floor only in response to said detector means de-
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tecting deceleration or stoppage of that car at said
floor.

2. An elevator control system according to claim 1,
in which said means for detecting the deccleration or
stoppage of a car the expected service of which the pro-
spective passenger waiting at the calling floor is in-
formed of includes for cach car, means for detecting
the floor where the car is decelerated and means for de-
tecting floors the hall call from which the car is re-
quired to answer, and AND means to which the outputs
from said two means are applicd.

‘3. An clevator control system according to claim 1,
in which said means for detecting the deceleration or
stoppage of a specified car includes means for detect-
ing the deceleration or stoppage of a car in the hoist-
way adjacent to that of a car the expected service of
which the prospective passcnger waiting at the floor
from which the hall call was originated is informed of.

4. An elevator control system according to claim 3,
in which said means for detecting the deceleration or
stoppage of a car in the adjacent hoistway includes for
each car a means for detecting the floor where the car
is decelerated and means for detecting floors the hall
call from which the car in the adjacent hoistway has re-
sponded, and AND means to which the outputs from
said two means are applied for logical operation.

5. An elevator control system according to claim 1,
in which said means for detecting the deceleration or
stoppage of a specified car includes means for detect-
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ing the deceleration or stoppage of the specified car or
a car in the adjacent hoistway.

6. An clevator control system according to claim 5,
in which said means for detecting the deceleration or
stoppage of cars includes means for detecting the floor
the hall call from which was answered by the specified
car and means for detecting the floor the hall call from
which the car in the adjacent hoistway has answered,
OR means to which the outputs from said two means
arc applied, means for detecting the floor at which one
of said cars is decelerated or stopped, and AND means
to which the outputs from the last-mentioned detector
means and said OR means arc applied.

7. An elevator control system according to claim 1,
in which said means for detecting the deceleration or
stoppagc of a specified car includes means for detect-
ing the deceleration or stoppage of a car included in the
car group of which the prospective passenger waiting
at the calling floor is informed.

8. An elevator control system according to claim 7,
in which said means for detecting the deccleration or
stoppage of a car includes means for detecting the floor
at which the car included in the car group is deccler-
ated or stopped and means for detecting the floor the
hall call from which the car group has responded, both
of said floor detecting means being provided for each
car group, and AND mecans to which the outputs from

said two detector means are applied.
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