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Abstract:

This paper describes a way of landing call allocation, which is based on the linear
programme algorithm in elevator group control system. The basic idea here is to
minimize the total cost — the waiting time of passengers and so enhance the elevator
system’s performance. The paper discusses the simulation of the waiting time based
on the given system using general concept and theorem to construct the idea of the
linear program, which is a classical optimizing theorem. The example demonstrated
how the linear programme works and the application in the landing call allocation.

1. Introduction

People, even from elevator industry, wander how the elevator responds their calls. Most of
them thought the elevator with shortest responding time will answer their call. The actual
answer for this is different. It depends on the condition you are in. For the simplex system, the
calls are answered one by one at the same direction up to the last, then reverses. The response
time or the passenger waiting time varies greatly because of the unforeseen events at each
landing . But for multiple elevator system, there exists the call allocation problem, the
system must decide the proper car to answer related call. For example, a 5 elevator system
with group control and intelligent car dispatching system, when a call is made, it will firstly
find out the position of the call, time period, e.g., up/down peak hour, morning time,
afternoon or others. How many other calls are waiting and how long of each call has been
waiting for already. Based on these informations, the system then can determine the most
suitable elevator with minimum cost to response the call according to the certain optimised
algorithm used in this system.

2. Landing call allocation procedure ®

The task of the landing call allocation procedure is to allocate a suitable car to each landing
call. The existence of a landing call queue simplifies this procedure as the queue defines the
order in which the allocation procedure considers the landing calls. A landing call is taken
from the head end of the queue and allocated to a suitable car using the concept of minimum
cost. This concept operates by performing a trial allocation to all available cars and allocating
the call to the car presenting the lowest cost.
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As a conventional two button signalling system is being considered, this means only
passenger waiting time can be minimised. The period of duration for a particular landing call
only represents the time the first passenger at that landing has to wait. All subsequent
passengers benefit from the first registration and actually wait for less time. Thus the control
algorithm can only reduce the cost of the system response time to service a landing call. Fig
2.1 indicates that AWT (Average Waiting Time) is very nearly equal to ASRT (Average
System Response Time) for balanced inter-floor traffic so for this traffic condition, this cost

function is very suitable. (Here, we only concern the condition under balanced inter-floor
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has an in-built capability of assigning a landing call to a nearest car.

In order to apply the minimisation procedure it is necessary to calculate the car journey times
to travel to a landing call. These journey times may be on the basis of a direct trip to a landing
or an indirect trip where the car stops an intermediate landing on its journcy. A car journey

once assigned to a call then becomes the calculated (estimated) system response time for that
call. A car journey time consists of several components:

1) Inter-floor flight time (including acceleration, deceleration levelling and travel at
contract speed).

2) Door operating time (opening and closing);
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3) Passenger transfer time.
There are difficulties in calculating car journey times. Each time a car stops it is not known
how many passengers will enter or leave the car. This has the effect of making item 3)
(passenger transfer time) difficult to evaluate.

Fig. 2.1 indicates 90% of the time only one passenger enters a car at a landing call floor. Fig.
2.2 shows 90% of the time, only one passenger gets out at each stop (Refer to Page. 319, [2]).

The linear programming here is a dynamic algorithm because the elevator system itself is a
dynamic. So it’s not a simple problem. The linear programme itself is the way used in the task
dispatch or the transport assignment in order to make the things more efficiency and most
economic. It's normally used in the market strategy and analysis, transportation assignment
and so on.

3. The Simulation of Response Time or car journey time

[2] gives more detail information to describe the selection of door operation time, the
passenger boarding and alighting times. And also the number of passengers in the car, though
it is a very hard factor to estimate, can be determined based on the above mentioned
derivation.

3)
The interfloor flight can have many types, which are.
shown as figure right. When the car is standstill, it's
easy to determine, the figure only shows the moving
car with car calls inside. In each up/down hall call,
there have 4 cases.

So we can define the interfloor flight time as IFF'T:

IFFT=(n+1)x (T, +Tg)+ToAPxTy+(n+1) x Ty

I. up hall call 1. down hall call
T.: acceleration time (speed up time) [&] down and np moving car
T4 deceleration time (slowdown time) o car call u side the car

T.: time under contract speed.

n: number of stops between the car and the destination floor,
P: the estimated passenger number to transfer

T,: passenger transfer time

T4: door operation time (opening and closing door).

The n, P, Tp and Td can be found according to the proposed method stated as above.
Theoretically, the T, and 7, can be taken as an equivalent constant value. Although, they may
be slightly different, it can be ignored. T, can be calculated from acceleration, jerk and the
contract speed. For example,

V=vo+axt, so T,=V./a

T, is the duration of the elevator running under the contract speed (constant), what we need is
to compute the distance running under this speed. The floor height is fixed, take away the
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distances in the speeding up and slowing down period, it is the actual distance under contract
speed. For the speed up/ slowdown period, the distance is

S =2fvvdt =at2'? =al)’

H-al, . ,
So, T, = -——~—I}a—”- V. 1s the contract speed in m/s.
¢

That is IFFT.

4. The Linear Programming: The hall call allocation

The landing call allocation is a special type of linear Erogramming problem. For a 22 storeys,
5 lifts system, the lifts are arranged in a line. If, at 10™ floor, up call 1s activated, which one of
the 5 lifts is assigned to respond it? When all lifts are standstill, the problem becomes very
simple, if all the lifts are in different storeys and running in different directions, there also
have several car calls in side. Then how? The problem becomes difficult. Here, the
assignment method of linear programming is introduced to solve this problem.

4.1 The Assignment Concept

Given n lifts to be assigned to n calls, with ¢y, the cost of assigning lift i to call J> that means,
the responding time from present situation to answer the call, find an assignment to minimum
total cost.

Following assumptions must be satisfied to fit the definition of an assignment problem, it
need to be formulated in such a way:

1. The number of lifts and the number of calls are the same. (say »).

2. Each lift is to be assigned to exactly one call.

3. Each call is to be performed by exactly one lift.

4. There is a cost ¢;; associated with lift i (i=1, 2, , , , , n) responding call j (=1, 2, , , n).

5. Then, the objective is to determine how all # lifts should be made in order to minimize
the cost.

Dummy lifts or dummy calls can be used to satisfy the first 3 assumptions, that means, if the
call number is less than the lift number, the dummy calls must be added in order to keep the
same number with lifts; if the call number is more than that of lifts, then the dummy lifts must
be added to meet the condition 1.

4.2 The Model of Assignment Problem
The assignment problem uses the following decision variables:
X;=1 if lift i responses call j, Xij=0 if not.

By letting Z denote the total cost, the assignment problem model is:

n n
Minimize Z = Z Z CiX;

i=1 j=1
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Subject to: Zx,.j =1i=1,,,,n

J=!

inj =1j=1,,,n; x;=0foralliand; (x; binary, for all i and )

i=l

We take the above example. The system now has 5 lifts and 5 calls during certain time.
According to the rules above, each lift must be assigned to response one call. The time
required to set up each lift for completing each call is shown in the Table 1.

Table 1: Response time of each lift to each call (s)
Lift Status Call floor & Type
Lift | Position | Direction | 21D 16U U 8D 4D
L1 10 Up 3034 1534| 14.89} 17.09| 25.89
L2 2 Down 5449| 4349 28.09| 2589| 17.09
L3 15 Down 25.89 14.89| 1534 17.54| 26.34
L4 7 Up 36.94| 21.94 6.54 8341 19.29
L5 19 Up 10.54} 19.29]| 34.69| 36.89| 45.69

Comments:

21D: 21 storey, Down Call activated; 16U: 16 storey, Up call activated; others are same
defined.

The data in the table is based on the following assumption and simulated:

Contract speed: 1.5m/s, Acceleration & deceleration: 0.7m/s*; Door opening / closing time:
4s; Passenger transfer time: 1.2s; Standard floor height: 3.3m; Number of stops: 22.

4.3 Set up times for lift system

The system wants to minimize the total setup time needed to response the 5 calls, we define
(fori,j=1,2,3,4,5)

X;=1if lift i is assigned to meet the demands of call j; X;=0, if not.

Then the problem is formulated as:

5 5
Min Z = chzszj

=l j=1
subject to:

ix“ =1 an =1
i1

i=1

5
elevator constraints Zxﬁ =1 call constraints inz =1
i=

ix&‘ =1 ins =1
i1

with x;=0 or x;=1

If x;=1, the objective function will pick up the time required to set up lift i for call j; if x;=0,
the objective function will not pick up the time required to set up lift i for call j.
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For the above lift system, Table 1 lists the response times, i.e., x;=1. Because all lifts are
possible to response the calls, otherwise x;=0.

The cost table including identifying the lifts and calls is shown below, this table contains all
the essential data in a far more compact form.

Table 2. Cost Table
1 2 ... N
1 C]] C]3 .. C/n
2 C.?I C.?Z e C.'.’n
N Cnl Cn.? <o Cnn

4.4 Hungarian Method

Hungarian method is the efficient way to solve assignment problem, it operates directly on
the cost matrix and converts the original cost table into a series of equivalent cost tables until
it reaches one where an optimal solution is obvious. This final equivalent cost table is the one
consisting of only positive or zero elements where all the assignments can be made to the zero
element positions. This set of assignments will be a zero. Then the total cost is optimal.

Four steps to solve these problems:

Step 1. In the cost table, locate the smallest element and subtract it from every element in that
row. Repeat this procedure for each column (the column minimum is determined after the row
subtractions). The revised cost matrix will have at least one zero in every row and column.

Step 2. Determine whether there exists a feasible assignment involving only zero costs in the
revised cost matrix, i.e., to find if the revised matrix has n zero entries no two of which are in
the same row or column. If exists, it is optimal. If not, go to step 3.

Step 3. Cover all zeros in the revised matrix with as few horizontal and vertical lines as
possible. The total number of lines in this minimal covering will be less than n. Locate the
smallest number from every element not covered by a line. Subtract this number from every
element not covered by a line and add it to every element those lines at the intersection of two
lines.

Step 4. Return to step 2.

4.5 Assignment Problem for the lift call allocation

For an assignment problem, the cost Cy is the total cost associated with elevator i to response
call j. We consider the cost table above, it’s a exact nxn matrix, it need not to do any
adjustment. So, there are m=n=>5 assignment to be made. Use Hungarian method to solve this
problem.

We find the smallest element in the table and subtract it from every element in that row. Then
repeat this for each column, we get the table below.
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Table 3. Response time of each lift to each call (s)

Lift Status Call floor & Type
Lift No. | Position | Direction | 21D | 16U | 9U 8D 4D
L1 10 Up 19.8| 045| 14.89| 1529 13.14
L2 2 Down 43.95| 238.6, 28.09| 24.09| 434
L3 15 Down 15.35 0| 1334 1574} 13.59
14 7 Up 198610351 8 6 0
LS 19 Up 0| 44| 34.69{ 3509} 3294

Only 2 assignments to 0-element position are possible. Cover all 0’s. The minimum element
not crossed out is 4.34 in the last column and L2 row. Subtract every element not covered by
a line by 4.34. Then, we can find 3 assignments to 0-element position is possible, cover all 0's
again, the minimum element not crossed out is 10.55 in the last 3rd column and L1 row.
Subtract every element not covered by a line by 10.55. We then have following table.

Table 4. Response time of each lift to each call (s)
Lift Status Call floor & Type
Lift | Position | Direction| 21D | 16U 9uU 8D | 4D
L1 10 Up 19.8 45 0, 04 8.8
L2 2 Down | 43.p5 28.6 1821 9.2 0
L3 15 Down 5.B5 0 0/45] 0.85] 9|25
L4 7 Up 4175 54 S 010155
L5 19 Up 0 4.4 19.8| 2021 28.6

Cover all 0’s. 5 assignments to 0 element position is possible. So, we can make the complete
assignment shown as following table (element with v').

Table 5. Response time of each lift to each call (s)

Lift Status Call floor & Type
Lift | Position | Direction | 21D | 16U 9U 8D 4D
L1 10 Up 19.8 0.45 0v' 0.4 8.8
L2 2 Down | 43.95 28.6] 132 9.2 0v
L3 15 Down | 15.35 0v'| 0.45| 0.85| 9.25
L4 7 Up 34.75 15.4 0 0v'| 10.55
L5 19 Up 0v 44| 19.8] 202| 28.6

The resulting total cost from Table A is:
Z* = ci3teystesstestes; =14.89+17.09+14.89+8.34+10.54=65.75 (seconds)
The optimal solution for this assignment problem is: Lift 1 to storey 9 up call; Lift 2 to storey

4 down call; Lift 3 to storey 16 up call; Lift 4 to storey 8 down call; Lift 5 to storey 21 down
call.

The total cost is Z=65.75s, that is the total waiting time for these 5 call is 65.75 seconds.
It’s not the one with shortest journey time is used for allocation. If the shortest waiting time 1s

used, for example, 6.54s, it will take much longer time for the other calls to wait for, so total

waiting time (cost) will be much larger. That is the linear programming’s assignment
problem.

4.6 Typical Assignment Problems in the lift call allocation
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The problem discussed above is a special case, the typical problem in the lift system is that
some times the number of calls is more than that of lifts; some times, it’s less. For these cases,
the assignment problem can be very flexible to deal with.

Dummy concept is introduced if the number of calls is not equal to that of lifts, i.e., m # n.
According to the rules of assignment, the number of lifis must equal the number of calls, i.e.,
m = n, so the additional difference of (m-n) calls or (n-m) lifts must be introduced into system,
this additional calls or lifts are called dummy elements. The role of these dummy calls or
systems is to provide the fictional second calls to lifts, or fictional second lifts to calls. There
are no costs for producing the fictional calls or lifts, so the cost entries for the dummy tasks
are 0. The only exception is that the lift can’t be used to respond any call or certain call or
reserved by somebody.

4.6.1 Number of calls less than the number of lifts

Under normal operation, except for up peak and down peak, there are few calls in the system,
so, the number of calls is normally less than that of lifts during a short interval. This problem
seems quit straight forward, the responding speed is quit faster than the other case, because
there have enough lifts to be free one. If the system uses the probability or forecast function,
during certain period, the car will be pre-assigned to the call”’. Here we only discuss the
normal operation.

Take the other example as following, the calls now are only 3. 2 more dummy calls are added
to meet the requirement of assignment.

Table 6: Response time of each lift to each call (s)

Lift Status Call floor & Type
Lift |Position| Direction | 21D | 16U | 4D |C(D1)|C(D2)
L1 10 Up 30.34 |15.34 125.89 |0 0
12 2 Down [54.49 [43.49 117.09 |0 0
L3 15 Down |25.89 |14.89 [26.34 |0 0
14 7 Up 36.94 {21.94 |19.29 |0 0
L5 19 Up 10.54 119.29 145.69 |0 0

The smallest element in this table is 0, subtract 10.54, 14.89 and 17.09 from column 21D,
16U and 4D, we get following table.

Table 7: Response time of each lift to each call (s5)

Lift Status Call floor & Type
Lift |Position| Direction | 21D | 16U | 4D |C(D1)|C(D2)
L1 10 Up 19.80 1045 18.80

L2 2 Down 143.95 |32.95 |0V
L3 15 Down [15.35 |0V 9.25
L4 7 Up 264 17.05 |22
L5 19 Up 0v 4.4 28.6

QIOIO|IO|O
OO OO

We can easily find 3 assignments to O element position possible. That’s the solution. If the
possible solution can’t be found, go on the step 3, until it becomes possible.

So, the resulting total cost for this problem is
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Z = c3tc3ptes=17.09+14.89+10.54=42.52 seconds

The optimal solution for this assignment problem is: Lift 1 to dummy call; Lift 2 to storey 4
down call; Lift 3 to storey 16, up call; Lift 4 to dummy call; Lift 5 to storey 21, down call.

4.6.2 Number of calls greater than the number of lifts

This problem seems more difficult than the above one, because the number of calls compared
to the number of lifts is quit big. For example, the case we used to simulate has 22 storeys and
5 lifts. So, actually the number of up and down calls is 42. Number of lifts is only 5. During
the peak time, when calls are made, one lift may deal with several calls during one trip is
normal. Because the lifts are almost equally assigned to response the calls, so the chances for
5 lifts are equal. If actually 42 calls registered in the system, according to the rule of
assignment, there must have 42 lifts to perform the tasks. Because the chance for each lift is
equal, each lift will have 9 calls average to be assigned, so there will be 45 lifts to 45 calls (3
dummy calls added here to keep the balance of calculation).

Here is the example, the cost of the system is the responding time of each lift to each call.
Suppose the lifts have the equal weight to response calls, here, 2 dummy calls added.

Table 8: Response Time of Each Lift to Each Call (in seconds)

Lift Status Call floor & Type
Lift | Position | Direction | 21D | 16U | 12D | 9U 8D 4D |C(D1)| C(D2)
L1 10 Up 30.34| 15.34| 10.54| 14.89| 17.09| 25.89
L1 10 Up 30.34| 15.34} 10.54| 14.89| 17.09| 25.89
12 2 Down | 54.49| 43.49| 34.69| 28.09| 25.89| 17.09

L2 2 Down | 54.49| 43.49| 34.69| 28.09| 25.89| 17.09
L3 15 Down | 25.89} 14.89| 8.74| 15.34| 17.54| 26.34
L3 15 Down | 25.89| 14.89| 8.741 15.34| 17.54| 26.34
L4 19 Up 10.54] 19.29] 28.09| 34.69| 36.89| 45.69
L4 19 Up 10.54| 19.29| 28.09| 34.69| 36.89| 45.69

OO |OIOIC|OIO
OIO|IO|O|OIO|O|O

Use the assignment rule, subtract 10.54, 14.89, 8.75, 14.89, 17.09 and 17.09 from each
column, we get the following table.

Table 9: Response Time of Each Lift to Each Call (in seconds)

Lift Status Call floor & Type
Lift jPosition | Direction | 21D | 16U | 12D | 9U 8D 4D | C(D1) | C(D2)
L1 10 Up 198 |1 045 | 1.8 0v’ 0* 8.8 0 0
L1 10 Up 19.8 | 045 | 1.8 0* 0v’ 8.8
L2 2 Down |4395| 28.6 {2595 132 | 8.8 0v

L2 2 Down |4395| 28.6 |2595| 13.2 | 8.8 0*

L3 15 Down |1535]| 0V 0% | 045 | 045 | 9.25
13 15 Down | 1535} 0% 0v' | 045 | 045 | 9.25
14 19 Up 0v 44 |1935] 19.8 | 19.8 | 28.6
L4 19 Up 0* |- 44 11935} 19.8 | 19.8 | 28.6

O OIO|D|O|O DO
(] feul fon] Row) Huod Ran} Ron]

From the table, the 6 assignments to 0 element position are possible.

Many ways to make a complete assignment. One of them is by 6 v'. The resulting total cost is
seem from table-8 to be:
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VA =ciaterstesstesytegzter; =10.54+14.89+8.74+14.89+17.O9+17.09283‘24 seconds
The total cost with * is the same as above.

The optimal solution for this assignment problem is: Lift 1 to storey 9, up call and storey 8,
down call; Lift 2 to storey 4 down call; Lift 3 to storey 16, up call, storey 12 down call; Lift 4
to storey 21, down call.

4.7 Rules on lift allocation

The allocation is based on the moment on which the hall call 1s registered, that is, if there has
one call made; the linear programming will allocate the lift to answer it, This allocation can be
changed if there has other call registered before the lift reaching the destination, and the lift is
still in full speed. If the lift is in slow down stage, so, at this time, this lift is deemed not to
answer the new call. If the lift is running under full speed, when a car call is made after the
passing storey, it will not be registered. If the call is between the destination and present
position, and the distance is more than 2 times of that of slow down and speed up distance
required. Then it can be answered.

If the waiting time of one call has reached designated period, one lift will be assigned to pick
it up, during this period, this lift and call will be blocked from the allocation algorithm.

5. Conclusion

This system is based on the principle of quality service. The purpose of this is to minimize the
total waiting time of each call and to enhance the system’s performance. The result of this is
based on the expense of the total of the journey times of all the cars.
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