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Abstract The main requirements of a group control system in
In this paper we introduce a fuzzy elevator group Serving both, car and hall calls, should be: to provide
controller using a linear context adaptation technique. €ven service to every floor in a building; to minimize the
We first describe the elevator group control problem and time spent by passengers waiting for service; to minimize
the schemes usually employed to solve it. We detail thethe time spent by passengers to move from one floor to
fuzzy controller used in our development and an example@nother; to serve as many passengers as possible in a
system used in simulation experiments. The focus is orfliven time [1].
the comparison between the standard fuzzy controller ~Due to the random nature of call time, call locations
and the fuzzy controller with linear context adaptation. and the destination of passengers, there exist immense
Simulation results are included to show the usefulness ofProblems when attempting to satisfy all théoee

the fuzzy control strategy suggested. requirements. In general, the control strategy must be
flexible enough to meet diverse conditions especially

_ when changes in passenger demands, different traffic
1. Introduction patterns (up-peak, down-peak, special services, etc.) are
of concern.

A practical method widely used in group supervisory
control systems consists in allocating cars to serve the
building hall calls. Usually only new calls are allocated,
remaining fixed once made. This method is known as
call allocation strategy [1]. In car allocation, however,
constraints must also be considered. For instance, a car
fmay not pass a floor at which a passenger wishes to
alight, a car may not reverse its direction of travel while
carrying passengers, and a hall call cannot be served by a
car going in the reverse direction.

In this paper we introduce a fuzzy group supervisory

In traffic control of elevator systems, figure 1, a
corresponding two level control hierarchy must solve two
different control problems. The lower level task is to
command each elevator to move up or down, to stop or
start and to open and close the door. The higher level
coordinates the movement of a group of elevators
through a set of logical rules crafted to improve the
system performance. This problem is solved by means o
a group supervisory control system with the aid of a
group supervisory control strategy (the set of rules
defining the control policy).

] T 2 N control of elevator systems. This approach is particularly
o|M M floors useful because of the following:
° N elevators » call allocation strategies are frequently expressed by
|| a set of (fuzzy) rules provided by elevator design
@ Up calls .
v experts;
O Down calls » different sets of rules can be easily grouped into a
@ A . .
3 = structured knowledge base to cover diverse traffic
2 conditions such as up-peak, down-peak, heavy sector
ol |1 demand, heavy demand floor, balanced traffic, off-
Ground Level
EEI peak, etc.;
° 7 Basement « logical constraints can be easily included into the

knowledge base and equally processed,;

Figure 1 - El evator gr oup control problem



» meta-rules can be easily developed and incorporatedtime tasks. As highlighted in figure 2, it is composed by
to choose the most suitable car allocation rules for aa real time knowledge processing module (RTKP), and
given traffic pattern; several rule bases (RBi's) to support focus of attention

it predictably responds to system events. mechanisms [5].

o fuzzy concepts like high, medium and low are very
appropriate to be used and comprehended by experts.s' Fuzzy group controller

In addition, fuzzy production rules are particularly As depicted in figure 3, the fuzzy group controller is
useful to derive both, allocation strategies and divided into four basic parts. First is a preprocessor
constraints. The assignment of the allocation strategy tomodule responsible for the transformation of input
the traffic condition is handled by a focus of attention information into the internal representation model used.
mechanism, using meta-rules for traffic pattern The postprocessor module translates the internal
characterization and rule base selection. Data acquisitionrepresentation model into output information
and information coding functions are performed by a pre- (commands) as required by the lower level controllers.
processor. Actual call allocation decisions and control Between these two modules there are an inference
signals, generated after inference, are computed by amodule and a metaknowledge base. These are for rule
post-processor. This will be detailed in the next sections. processing and rule base activation, respectively.

For alternative developments see, e.g. [2,3,4].

2. Elevator group control system | e patic | | upsencuatic| [oownsomcrant | ugnerame
The general functional structure of the elevator group T~ —

control system is portrayed in figure 2. In the two level RTKP e

control hierarchy, the lower level task is to command

each elevator (car) to move up and down, to stop or start, [ Preprocessor | »[ nference | [ Postprocessor |

and to open and close the door. Actually this is a direct ¥

control level which performs the basic car movements. I ;

The higher level is a supervisory level to coordinate the State Commands

movement of a group of cars to achieve a globally

satisfactory performance. Coordinating decisions are  Figure 3 - Fuzzy group controller structure

based on system state (traffic conditions, hall calls, cabin Thus, the group controller constitutes four separate
calls, etc.). These decisions are translated into commands$je pases the selection of whose is performed by

for the direct control level. metarules. This specific rule base consists of two-valued

predicates. The rules therein are of classificatory nature
as they identify the current pattern of traffic and select
wr one among the remaining rule bases. Each of these rule
el Tim RTKE supervisory bases is res'ponsiblel'for handling a particular traffic
Ogjgfjrgg Level pattern that is specific enough to deserve a separate

Task k RBn control protocol. We have formed rule bases for the four
types of traffic: normal, up-peak, down-peak, and light
traffic. The detailed rules in the rule bases are
summarized below.

Server

=)

ask 1]

$ '
| Communication System | Table 1. Rules for normal traffic

3 i
1
$ Big_a Medium Low Low

Controllerl Controlle
Car Car Car K K K
1 j N Elevators Medium a High Medium Low

j N
Small a High High Medium

Control A _time(i,)\W _time(j) Big w Medium w | Small w
Level

1 Direct

Figure 2 - El evator gr oup control system:
general structure In Table 1, W_time(j) and A_time(i,j) are linguistic
variables denoting the time the j-th hall call is waiting

The fuzzy group controller is a task of the overall (/. service, and the time the i-th elevator expects to
control system encapsulated within a server to guarantee

i | isolation bet itself and tional Iattend the j-th hall call, respectively. These rules are
emporal isofation between ISelt and conventional rea processed whenever there are hall calls to be attended,



and the number of passengers within the i-th elevator iswas the defuzification method used. In other words, the
less than its full service load. Otherwise, the procedures of encoding, decoding, and mapping
corresponding priority is set at Zero. Note that priority is mechanism are:

a decision variable whose linguistic terms are Zero, Low, ¢ encoding: possibility computations,

Medium and High, being assigned for each pair « mapping: fuzzy conjunction,

(Elevator,Call) — Priority(i,j). < decoding: center of gravity

Table 2. Rules for up-peak traffic

A time(i,)\W_time(j) Big w Medium w| Small w
Big_a Medium Lowt Lowt
(Zerol) (Zerol)
Medium_a High Mediumt Lowt
(Zerol) (Zerol)
Small_a High Hight Mediumt
(Zerol) (Zerol)

The rules in Table 2 looks the same as before, but rule
firing is very different. First, during up-peak conditions
rules are processed when the number of passengers
within elevators are below the maximum capacity only.
Otherwise, priorities are set to Zero. Second, the first row
rules are processed independently of the elevator
direction of movement whereas the decisions are set at
Zero at the shaded columns if hall calls are down calls,
or as shown in the Table, if hall calls are up calls. In
addition, a two-valued rule immediatly fires to send
elevators to the main floor whenever it becomes
available.

Table 3. Rules for down-p eak traffic

A _time(i,)\W _time(j) Big w Medium w| Small w
Big_a Medium Low! Low!
(Zerot) (Zerot)
Medium_a High Mediumt Low!
(Zerot) (Zerot)
Small_a High High! Mediumt
(Zerot) (Zerot)

Down-peak rules, shown in Table 3 are processed
under the similar conditions of up-peak rules, but with
the entries of the shaded columns reversed, and no car is
sent to the main floor when it becomes available.

Rules for light-traffic conditions are similar to the
normal traffic conditions except that the number of
elevators in service may change for, e.g., energy saving
and maintenance purposes.

The membership functions are as in figure 4,5 and 6.

Rules are viewed as fuzzy conjunctions of min type,
and inference is proceeded via the max-min coitipns
Rules aggregation is performed after active rules firing,
using the max aggregation operator. The center of area
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Figure 4 — Memb ership Functions for
Linguistic Variable W_time(j)
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Figure 5 — Memb ership Functions for
Linguistic Variable A_time(i,j)
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Figure 6 — Memb ership Functions for
Linguistic Variable Priority(i,j)



After defuzzification, a priority ranging from 0 to 100 .
is assigned to each pair (Elevator, Call). Next, an
allocation algorithm tries to allocate, for each elevator,
the call with the maximum priority. If two or more
elevators are qualified to serve the same call, they
compete with each other, based on their A_time values.

If the A_time is the same, then the algorithm makes a
random choice. This mechanism is illustrated in figure 7
and proceeds as follows.

timings
time to open the door: 1 sec,
time to close the door: 1 sec,
time for each passenger to get in: 1 sec,
time the door remains open: 1 sec,
acceleation: 1m/$,
desaceleration: 1nfs
maximum load: 1600 kg,
capacity: 20 persons.

3l 11 14, | 8I 201
141 | 1n 3l 71 121
11 201 | 84 14 | 71
81 20t | 201 | 121 | 11

The main patterns of traffic were considered; each
experiment was carried out with context adaptation and
without it. The fuzzy controller described here has
already been compared with conventional strategies, with
improvements of up to 30% in performance [10]. In all
experiments, the arrival request at the floors (hall calls)

For each elevator, a queue is built to order the calls bywas modeled using a Poisson distribution. The scenarios
priority. The algorithm tries to select the first element of were as follows:
each queue. In the example above, elevators E1 and E3
conflict in serving call 12. They compete and elevator
E3 wins. Elevator E1 consider it¥ption, 7, which is
now conflicting with E4. If E4 looses, it proceeds to its
2" option. At the end of the algorithm, each elevator
serves a different call.

The fuzzy controller is also equipped with the
mechanism of context adaptation [6,7,8]. Here, context
adaptation is to adjust universes in such a way that what Two kinds of simulation were performed. The first
is meant to be, e.g., High or Low, depends on the traffic Used the fuzzy controller without context adaptation, and
intensity. The scheme used is called the absolute limitthe other one with context adaptation.
context determination method, the simplest among a The main results of group control are expressed via an
number of alternatives [6]. Briefly, to define the context average waiting time and maximum waiting time (both
for a situation, Samp|es are taken to generate the uppegiven in SeCOﬂdS) and are collected in Tables 4 and 5. In
and lower bounds of the underlying universes. all experiments the adaptation of context resulted in

The scheme emphasizes the fact that the semanticgubstantial gains in system performance.

Figure 7 — Allocation Algorithm

1 - up-peak: this traffic condition concerns people
entering the building in the morning between 7:45 and

2 - down-peak: this occurs between 17:15 and 18:45
and concerns the traffic out of the building after working
hours,

3 - all day traffic: it covers all day from 6:00 to 20:00.

(membership functions) of the linguistic terms are very 14pje 4 Average and maximum wait ing time,
much context-dependent and time-varying. This is no context adaptation

because there is no universal meaning of such terms like

low, medium, high, small, big and their definition may Average | Maximum

vary during the task of controlling the system. For Down-peak 25.00 184.0
instance, the meaning of small waiting time depends on Up-peak 20.13 105.0

the traffic pattern. All day 14.95 209.0

4. Simulation experiments Table 5 Average and maximum wait ing time,

The series of simulation experiment was run in the

context adaptation

following environment [9]: Average| Maximum
buildi d elevators Down-peak 23.04 132.0
. uilding and ele :
. Up-peak 17.00 92.0
15 floors abovemain bbby and 3 floors below —
All day 12.93 156.0
ground level,
height of each floor: 3.3 m, ) . i o
4 elevators. The figures below show the traffic profile, the waiting

time histogram for up (light bars) and down calls (dark
bars), and samples of the elevator movements as well.
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200.0 - control system. Simulation results have shown that the

L e fuzzy controller with linear context adaptation performs
20,0y better than the standard fuzzy controller. This is

H T justifiable because the standard fuzzy controller remains
fixed once tuned. Although we can set appropriate
universes for each specific rule base to accommodate the
different traffic patterns, the standard fuzzy controllers
may still become insensitive to traffic fluctuations that
occurs in a given situation. In contrast, the controller
with context adaptation is continuously adapting the
underlying universes and can keep tracking of the traffic
pattern changes. An additional advantage of context
adaptation is that we are not required to define precisely
the universes (or to fine-tune the membership functions)
because they are automatically adjusted at each step. In
&0 this sense, context adaptation translates into a simple, yet
efficient mechanism to get a kind of adaptive fuzzy
controller.
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