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_ GROUP SUPERVISORY CONTROL SYSTEM FOR 
ELEVATORS ‘ 

This invention relates to improvements in or relating to 
elevator group supervisory control system for. efficiently 
operating a plurality of elevators, especially a group of eleva 
tors provided in a building in juxtaposition with each other in 
accordance with the traf?c demand for the elevators. 

Recently, more and more large-sized buildings have been 
constructed so that the numbers of elevators and ?oors 
thereof have correspondingly increased. Thus, it has become 
essential to control those elevators as a group rather than in 
dividually in such an operating program as to be able to ef? 
ciently cope with the traf?c demand, thereby increasing the 
carrying power. ' 

The traf?c demand for an elevator group differs between 
buildings but in the case of a typical o?ice building, it may be 
classi?ed into several patterns. Such patterns are called traf?c 
demand conditions (referred to simply as demand conditions 
hereinafter), which may include “lunch time,” “heavy up," “ 
heavy down," “intermittent," “balance,” “heavy up-down” 
and so forth. “Lunch time condition” occurs due to the fact 
that at lunch time, the number of passengers arriving at and 
leaving the lunch floor suddenly increases. “Heavy up "condi 
tion” occurs due to the fact that the number of passengers 
going from the lower dispatching landing to upper middle 
floors increases before the start of the office hours or at the 
end of the lunch time. This “heavy up condition" is sometimes 
further classi?ed into “up peak condition” where there are an 
increased number of passengers required up direction during 
the rush hours in the morning for example and “heavy up con 
dition“ other than such “up peak.” - 
“Heavy down condition” occurs due to the fact that passen 

gers working on upper floors go down to the lower dispatching 
landing all at once at the end of the'of?ce hours or at the start 
of the lunch time. This “heavy down condition” is often clas 
si?ed into “down peak condition” where there are an in 
creased number of passengers required down direction and 
other “heavy down condition,” other than such “down peak,” 
as in the case of“heavy up.” 
"Heavy up-down condition" occurs when the number of 

passengers temporarily increases during the day time, with a 
balance substantially maintained between the number of pas 
sengers required up direction and that of passengers required 
down direction. As the number of passengers further 
decreases, “balance condition” occurs which may also be 
classi?ed into “upper free floor” or “lower free floor" where 

I there is a relatively great demand for the upper floor zone or 
lower floor zone and other “balance condition,“ other than 
such “upper free ?oor” and “lower free ?oor.” During a 
"upper free ?oor" condition, in general, the number of upper 
zone calls is much greater than the number of lower zone calls. 
However, during a “lower free ?oor” condition, the number 
of lower zone calls is much greater than the upper zone calls. 
The foregoing demand conditions may be conceivable, but 

it is impossible to directly grasp them since the traf?c de 
mands for elevators include a variety of factors and always 
continuously change. However, the aforementioned classi?ca~ 
tion of the demand conditions is possible by effecting analysis 
and synthesis based upon traf?c demand signals X (referred to 
simply as demand signals hereinafter) consisting of several 
typical factors such as shown in FIG. 1. In an attempt to con 
trol the driving of the elevators, the control is effected with 
respect to each elevator group in accordance with an operat 
ing pattern suited to the thus determined demand conditions. 
This operating pattern is called operating program which is 
normally made to correspond to the respective demand condi‘ 
tions as shown in FIG. 1. In ‘case the demand condition cor 
responds to “up peak condition” for example, thena group of 
elevators are operated in accordance with the program of “ 
peak up operation." ' 

However, if the operating program of “heavy up-down 
‘ operation" cannot be carried out in the case where the de 
mand condition corresponds to “heavy up-down," then “ 
heavy operation" may be instructed. _ 
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2 
The group control system is so designed as to select that de 

mand condition which corresponds to a particular time from 
the foregoing limited demand signals so as to e?iciently 
operate plural elevators. There have heretofore been 
proposed a variety of such systems. However, such conven 
tional systems have such a disadvantage that the means for de 
tecting demand signals and means for selecting a particular 
demand condition become large-sized and complicated as the 
number of elevators to be group-controlled and elevator floors 
increase, since all of them are constituted by a mere combina 
tion of contact type or contactless type relays. , > 

It is an object of the present invention to provide a group su 
pervisory control system for elevators which can be easily con 
stituted by solid state devices (miniaturized), wherein the ad 
justment of piecewise boundary line (or piecewise boundary 
face) can be easily achieved. 
Another object of the present invention is to provide a 

system whereby an l-number of variable parameters de?ned 
by l-parameter demand signals X consisting of several factors 
of traffic demand are sectioned in such a manner as to be most 
suitable to each demand condition, thereby making it possible 
to select a demand condition closer to the actual traf?c de 
mand for the elevators. 

Still another object of the present invention is to provide a 
system wherein use is made of at least two sets of pattern clas 
si?ers, demand signals consisting of factors of traf?c demand 
partly and overlapping each other or completely different 
from each other are supplied to the respective pattern clas 
si?ers,‘ the number of parameters of each of the pattern clas 
si?ers is reduced to simplify the system, and the volume in 
which the demand signals are present is reduced so that an ac 
curate faculty of discrimination can be achieved by setting up 
a small number of prototype points. 

Still another object of the present invention is to provide a 
system wherein use is made of at least two sets of pattern clas- ' 
si?ers, demand signals consisting of the same factors of traf?c 
demand are supplied to the respective pattern classi?ers, the 
discriminant functions of the lower rank pattern classi?ers are 
set up to be greater than those of the higher rank pattern clas 
si?ers to make the resolutions of the former than those of the 
latter, thereby making it possible to achieve more accurate 
discrimination. 
A further object of the present invention is to provide a traf 

fic demand detecting means wherein a load in each elevator 
cage is sampled and held every time a particular ?oor is 
reached or left so that the traffic demand for the particular 
?oor is continuously detected, and the demand for the ?oors 
between the particular ?oor and the terminal ?oor is 
neglected when the former is close to the latter, thereby accu 
rately'detecting traf?c demands. 
A further object of the present invention is to provide a traf 

?c demand detecting means which is capable of detecting the 
number of all hall calls for each ?oor zone and number of 
“up" hall calls and “down" hall calls at all the floors merely by 
using one contact (including a contactless type one) cor 
responding to each hall call. 
A still further object of the present invention is to provide a 

maximum (or minimum) selecting means constituted by a 
combination of diodes and comparator means utilizing the for 
ward voltages of the diodes. 
Other objects, features and advantages of the present inven 

tion will become apparent from the following description 
‘taken in conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a view useful for explaining a group control system 
for elevators; ' ' v - 

FIG. 2 is a view useful for explaining the principle of the 
present invention for discriminating traffic demand signals 
into several demand conditions; 

FIGS. 3 and 4 are block diagrams showing the functions of 
an embodiment of the present invention, respectively; 

FIG. 5 is a circuit diagram showing an example of distance 
function generator; 

FIG. 6a is a block diagram showing an example of maximum 
selector; 
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FIG. 6b is an input to output characteristic diagram in a 
comparator; ' _ ' 

FIG. 7 is a block diagram showing an example of minimum 
- selector; ~ 

FIG.’ 8 is a functional view illustrating the system according 
to an embodiment of the present invention; 

FIG. 9 is a view useful for explaining the same; 
FIG. 10 is a circuit diagram showing an example of the ?rst 

detector used in the present invention; ' ' 

FIG. 1] is a circuit diagram showing an example of the 
second detector; . 

FIG. 12 is a circuit diagram showing an example of the third 
I detector; 

FIG. 13 is a circuit diagram showing an example of the ?rst 
pattern classi?er; ’ ' v . 

FIG. 14' is a view useful for explaining the prototype point 
thereof; 1 ' 

FIG. 15 is a circuit diagram showing an example of the 
second pattern classi?er; ' 

FIG. 16 is a view useful for explaining .the prototype point 
thereof; 

FIG. 17 is a circuit diagram showing an example of the third 
pattern classi?er; 
'FIG. 18 isaview useful for explaining the prototype point 

thereof; ' 

, FIG. 19 is'a view showing an example of the logic means; 
FIG. 20 is a view showing another example of the pattern 

, classi?er; and 

FIG. 21 is a view showing another example of the discrimi 
nant function generator. _ 

The operational principle of the present invention is based 
‘on such an idea that a given demand signal is classi?ed by 
using a discriminant function gi(X). Now, the traf?c demand 
for juxtaposed elevators is grasped as an I-parameter demand 
signal X consisting of a plurality of factors of traf?c demand 
X1, X2,‘ X,, and an optimum discriminant function gi(X) is 
determined for each-demand condition. The term “l-parame 
ter” demand signal X refers to a signal representing “l-varia 
ble parameters.” The term “I-variable parameters" represents 
the function having any number of parameters. For example, 
where i=2, the “l-variable parameters" represent a pair of 
variables corresponding to a two-dimensional space or plane. 
Furthermore, where i=3, a cubic or a three-dimensional 
volume having length, width and height may be used to 
represent the three parameters. For a set of parameters having 
1 equal to or greater than 4, the function cannot be humanly 

20 

25 

35 

45 

visualized, but is a physical entity which can exist theoreti- ' 
cally. Now assume that the discriminant function gi,,(X) which 
belongs to the demand signal i,, represents the largest value in 

. all discriminant functions gi (X). In the above case, the traf?c 
demand for'the elevators at that time is determined as the de 
mand condition i,,. 
The discriminant function representing a maximum value 

described above refers to one which represents a substantially 
maximum value. Thus, even if super?cially an attempt is being 
made to select a discriminant function which represents a 
minimum value, substantially a discriminant function which 

' represents a maximum value is being selected. In case g;, (X) 
of functions g,(~X), g2(X) and 33 (X) represents a maximum 
value‘, then the function representing a minimum value will be 
-'—g,,( X ), on the assumption that the signs of these functions are 
negative. Conversely,‘ if g,(X) _ of the functions g,(X), 
82(X )and g3(X) represents a minimum value, then —g,(X) will 
represent a maximum value, on the assumption that the signs 
of these functions are negative. 

Various types of functions may be employed as discriminant 
functions, but inthe'following discussion, description will be 
made of ones of which the prototype points are set up for the 
respective demand ‘conditions for the sake of simplicity. The 
term ‘fprototype point" corresponds to a representative point, 
which is employed to divide an n-parameter function (where n 
is an arbitrary number) into more than two categories. That is, 
in the embodiments described herein, traf?c demands for the 
elevators are continuously detected by means of various de 
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4 
tectors, detection is made of that one of the prototype points 
to which the demand signal X is closest which consists of a 
plurality of factors of traffic demand resulting from said con 
tinuous detection, and the demand condition to which the 
prototype point thus detected is dealt with as the demand con 
dition at that time. Thus, it is possible to set up the prototype 
points so as to cope with the status of each individual building 
and yet freely adjust them for all the factors of traf?c demand. 
Assume now that the demand signal is represented by an [ 

parameter vector X=(X,, X2, X3, X,) consisting of I detec 
tion elements, and that the demand conditions are given by 
0P1, 0P2, OPR. I ~' 
The detection elements described above may include the 

following. The demand conditions are as already described. 
Factors of traf?c demand: ' t ‘ 

A. Weight of the elevator cage during the “up" trip I 
B. Weight of the elevator cage during the “down" trip 
C. Number of up hall calls ‘ ~ 

D. Number of down hall calls 
E. Others ' 

, By dividing the l-variable parameter function in which the 
elevator demand signal X represented by the'plural factors of 
tra?ic demand X1, X2, X, X, into R regions in accordance 

‘ with the demand conditions (such division is effected so that 
the optimum one of the demand conditions may be selected 
when a certain demand signal X is provided for example) and 
discriminating that region to which belongs the demand signal 

X represented by the factors of traf?c demand,X,, X2, X3, X, which vary in accordance with the real traf?c demand‘ for 

the elevators, it is possible to make the operating program of 
the elevator controlsystem corresponding to the selected de 
mand condition optimum. This function is required of the 
group control system for elevators.‘ 

In this case, it may be conceivable to continuously and’ 
precisely section the l-variable parameters in which the de 
mand signal X is present into R demand conditions, but this is 
not practical. 

Here, description will be made of the case where an attempt 
is made to operate the elevator group in accordance with an 
operating program which corresponds to the demand condi 
tion to which belongs that one of a suitable number of proto- . 
type points set up for ‘each demand condition which is closest 
to the demand signal X, with said demand condition as the op-' 
timum demand condition at that time. 
Assume that the demand signal X is two-dimensional or has 

two variable parameters, ‘that the demand conditions are 
represented by OP, to OR, respectively, that the prototype 
points of the demand condition OPl are represented by I",1 and 
Pi", that the prototype points of the demand condition P02 are 
represented by P2‘ and P2‘; and that the prototype points of the 
demand condition 0P3 are represented by P3' and P3’, as shown 
in FIG. 2. Then, in the case where the demand signal X _is as 
shown in the drawing, it is closest to the prototype point I’; so 
that the optimum demand condition is determined to cor 
respond to 0P3, and thus the operation is performed in ac 
cordance with the operating program. In the cases where the 
demand signal represents three-parameters or higher, too, 
what has been described just above holds true. Generally, this 
may be explained as follows: 
Assume that the following S prototype points are set up in 

an l-parameter vector set constituting the demand signal X. 
I51‘, P1? Pl", Pf'?’rototype points belonging to the ?rst-de 
. mand condition) - , 

P2‘; P5", Pi, ...., Pkg?’rototype points belonging to the second 
_ demand condition) 
PE; PR‘? PA’, Pklil’rototype points belonging to the Rth de 
mand condition) 

S=L,+L2+L3+ ......... .._+L,, 
The prototype point represented by i’,’(i=1, 2_, 3, L‘) be 
longs to the ith demand condition. Thus, the number of proto 
type points belonging to the ?rst demand condition is L,, the 
number of prototype points belonging to the second demand 
condition is L2, and the number of prototype points belonging 
to the Rth demand condition is LR. 



3,642,099 
5 

In order to determine the optimum demand condition, 
therefore, it is necessary to select that one of the S prototype 
points P: which is closest to the distance between the demand 
signal X and each of the S prototype points. _ ‘ 
The square of the distance between ‘the demand signal X 5 

and the prototype point 13,’ is represented by 

=X.X_3(Pij.,\'/___l,15ij.pi.i) (1)10 
where‘ba" indicates inneraprodurct. From this, it will be seen 
that the prototype point closest to the demand signal X is the 
one where the ‘ 

2(Pij'X—iPij'Pri) 
in equation (1) becomes maximum. Assume now that L, 
prototype points belonging to the ith demand condition are 
represented by the following function (this function will be 
referred to as distance function since the prototype point 
where this function becomes maximum corresponds to the 
one having the shortest space distance with respect to the de 
mand signal X)‘: 

20 

Then, the term g,(X) which represents a maximum value is 
sought from L, functions. 

gi(X)=MaX [g{'(X)] ’ 

j=1 , 2, 3, ...... L, 
i=1, 2, 3, ...... .., R 

By selecting the following term gm(X) _ 
- glo( X)=MaX 8:00 (4) 

which represents a maximum value from the R distance func 
tions which are selected as one for each demand condition, 
the ioth demand condition to which this term belongs becomes 
the optimum demand condition in this case. Assume that the 
hth onePf'1(i=f, L,=h) of the prototype points belonging to the 
jth demand condition has the short space distance with 
respect to the demand signal X. Then, the hth one of the 
prototype points belonging to the jth demand condition is 
closest to X, so that the distance function of that prototype 
point or ‘ 

(2) 
25 

35 

4(X)=P)'X—aP;-Py- (5)‘ 
g _ V V H 1 45 

becomes maximum. Thus, g','(X) is selected. in the case of 
other demand conditions, too, the prototype points each of 
which represents a maximum value are similarly selected. 

In this way R prototype points of the respective demand 
conditions (each prototype point is closest to X among the 
prototype points belonging to each demand condition.) are 
selected. _ 

it will be apparent that g,(X) belonging to the jth demand 
condition becomes maximum since that one of the functions 
81(X) which represents the greatest value is closest to X. 

Thus, it is judgedthat the prototype point which is closest to 
the demand signal X is P,, and that the demand condition is the 
fth one. Consequently, the mode of operation of the elevator 
group is switched to the fth operating program. 

In the foregoing, description has been made of the case 
where use is made of the following function in order to effect 
discrimination with respect to the prototype point closest to X 

g‘;'(X)=P{-X—TL-PJ,I-PJII 
However, it is also possible to use any othervftinctionl ' ‘ 
As described above, it is essential that at least one prototype 

point which represents each demand condition be set up in an 
l-paramctcr vector set in which the demand signal X ' is 
present, and that the prototype one which has the minimum 
function distance with respect to X'be selected. it has also 
been described that this can be achieved by effecting opera 
tions represented by equations (2), (3) and (4). 

Next, description will he made of the case where each de~ 
mmul t‘olttllllott lm'lmlnnonc prototype point (this case cor 
responds toj-—-l ), for the sake of simplicity. 

55 

65 

70 

6 
Generally, a vector inner product is represented by 

PlX,+P2X2+P,X_-,+ ..... ..+P,x, . 

on the assumption that the components of the vector P are P,’ 
P2, P3, P, and those of the vector X are XI, X2, X3, ...., X,. 
Thus, it is assumed that the components of the demand 
signal‘X are Xl', X2, X3, X, and that the components of the 

' prototype point P, of the ith demand condition are P", P”, 
Pm, . . . . . ., P11, then the following equation holds true 

Pi'X =PHX1+PHXZ+ . . . . .. +MEHX I... . . . . Similarly, the following equation holds true 
i ‘a; 

I 

l 

(8) 

Therefore, equation (2) is reduced to 

-(9) 

Since 

are all correspond to the components of the prototype point 
P‘, each of them assumes a predetermined constant value. By 
representing these terms by W which is called weight, the 
distance function of the prototype point P, and X is sought 
from the following equation: ‘ 

g,(X)=WHWXI+W,zX2+_m_+W“Xi+W“+l (Hitwhcrc 

and k=l, 2, 3, ..., I. Generally, if it is assumed that there are demand conditions, then the distance functions of R prototype 

points and vector X are respectively given by 

(ll) 
Thus, by seeking that one of the R distance functions which 

represents the maximum value, it is possible to determine the 
demand condition to be sought to which the thus sought 
distance function belongs. 

For example, on the assumption that the demand signal is 
represented by X, if the following equation 

v becomes maximum, then the 5th demand conditiori (i=5) 
is selected so vthat the mode of operation of the elevators is 
switched to the ?fth operating program corresponding to 
the selected demand condition. I 7 
Consider the case where the number ofprototype points be 

longing to each demand condition is j which is 2 or more. For 
example, if it is assumed that the jth prototype point in the ith 
demand condition is represented by P‘, and that the com 
ponents of this prototype point are respectively represented 
by P5, PR2, P{,, then the distance function giUi’) of the 
prototype point and vector X is given by the following equa 
tion as in the foregoing case: 

where ‘ 

IVMJ= PM). It: I, 2,3,...1 

(6). 
























