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Abstract—The elevator group control dispatches elevators to
serve passenger calls. The dispatching decisions are determined
by solving the Elevator Dispatching Problem (EDP). Passengers
enter their destination calls with the destination control already in
the lobby. In turn, the group control assigns the serving elevator
immediately and announces it to the passenger. A double-deck
elevator consists of two elevator cars that are attached on top
of each other thus serving two adjacent floors simultaneously.
In the existing double-deck destination controls, both the serving
elevator and deck are fixed at once after the passenger call and not
changed afterwards. In this paper, the effect of these restrictions
on the solutions of the double-deck elevator dispatching problem
are studied by depicting its objective space with two conflicting
objectives, namely, passenger waiting and transit time. This paper
aims at characterizing the relationship between passenger waiting
time in the lobby and transit time inside the car as optimization
objectives.

I. INTRODUCTION

The main task of an elevator group control is to dispatch
the elevators under its control to passenger calls. The group
control optimizes dispatching decisions by solving the Elevator
Dispatching Problem (EDP). Nowadays all major elevator
companies offer an advanced elevator product, Destination
Control (DC), in which passengers enter their destination calls
already in the lobby using a numeric keypad. After registering
the call, the group control immediately assigns the elevator
to serve the call and announces it on the screen associated
with the keypad. All the existing DC products are designed
according to this principle.

A double-deck elevator is a special elevator consisting of
two elevator cars. The cars are attached one on top of the
other and move as a single unit, thus serving adjacent floors at
the same time. To allow simultaneous service of the decks on
the ground floor, the lobby is arranged on two floors which are
interconnected by escalators [1]. In this arrangement, the lower
deck serves only the lower lobby level, while the upper deck
serves only the upper lobby level. However, both decks can
serve all the upper floors, the topmost floor being a possible
exception to the rule if the building does not have adequate
space above it for the upper deck.

Modern double-deck group controls can minimize passen-
ger waiting and journey times as optimization objectives of the
Double-Deck Elevator Dispatching Problem (DD-EDP) [2][3].
However, these objectives result in different solutions even in
simple situations, which raises the foreseeability of conflicting
objectives. Therefore, the DD-EDP is put here in the context
of multi-objective optimization, where passenger waiting and

transit times are considered simultaneously. Transit time is
considered as the second objective instead of journey time
because journey time is about the same as waiting plus transit
time [4]. Multi-objective optimization has not been considered
earlier for different passenger service objectives, but balancing
of passenger service and energy consumption has been realized

[51[6].

The existing double-deck DC assigns both the serving
elevator and deck immediately after the passenger call is
registered [3]. Recently, a new approach to DC has been
proposed, which postpones the final elevator assignment to a
later time. The final moment for fixing the assignment can be,
for example, when the elevator starts to decelerate to the call
floor. Such a product would require a different user interface
and signalization concept compared to existing products. The
delayed assignment does not affect the structure of the DD-
EDP but only the complexity of the actual problem instances.
In this paper, objective spaces of small and moderately large
DD-EDP instances are studied by relaxing the system con-
straints gradually. The cases under consideration are:

1)  the existing DC, which considers all the existing calls
as constraints and makes the immediate assignment
of both the elevator and the deck only once for a
newly registered call;

Semi-Continuous (SC) DC, which makes the final
elevator shaft assignment immediately but allows the
change of the serving deck until a defined distance
from the call floor;

Fully-Continuous (FC) DC, which allows the change
of both the serving elevator and the deck until a
defined distance from the call floor.

2)

3)

In the above terms, “continuous” refers to the gradual
change of the DC, which traditionally operates according
to the immediate assignment policy, towards the continuous
assignment policy, which is typical of the conventional control
with up and down call buttons as call-giving devices. Since
DC is generally less efficient in mixed lunch-hour traffic than
in morning up-peak [7], the delayed elevator assignment is
expected to reduce passenger service times during that time.
Therefore, the example instances in this paper are taken from
lunch-hour traffic simulations conducted with the Building
Traffic Simulator (KONE BTS™) [8]. The instances are solved
in an off-line environment with the genetic algorithm [9]
adapted to double-deck elevators [2][3].
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1I. DD-EDP OBJECTIVE FUNCTIONS

The DD-EDP can be decomposed into a generalized assign-
ment problem and a set of elevator routing problems following
the well-known decomposition of the vehicle routing problem.
In the case of the DD-EDP, a deck of an elevator corresponds to
a vehicle and the main decision variables are deck to passenger
call assignments. The set S consists of all the origin floors of
the destination calls requiring pick-up, and the set T" contains
all the destination floors of the passengers travelling inside the
elevators as well as the passengers still waiting for pick-up.
The waiting time of a passenger ¢ € S is simply the sum
of the estimated arrival time of an elevator, ¢;, and the time
elapsed since the registration of the call, ;. The transit time of
a passenger ¢ € T is then the difference between the elevator
arrival times to the destination and the origin floor.

Each call is also associated with the number of passengers
requiring service, w;, which is assumed to equal one in this
paper. However, in the real DC, passengers can give a group
call in which they define the number of travelling passengers.
The number of passengers can also be estimated from traffic
statistics collected by the group control [10].

The objective functions of the DD-EDP are f; to minimize
passenger waiting time and f, to minimize passenger transit

time,
F(ST) =" (v +t:)ws, (1)
€S
F2(S,T) = (t: = t5) wi, ©)
€T

where j € S is the known origin floor of the destination call
and ¢ € T is the destination floor of the destination call. For
passengers already travelling inside the car, t; is the actual
time of pick-up as recorded by the group control.

III. ANALYSIS OF TwWO DD-EDP INSTANCES

Two instances of the DD-EDP are analyzed to describe its
characteristics as a multi-objective optimization problem. To
get a realistic initial state and calls for the instances, an elevator
group consisting of five double-deck elevators was simulated
with the BTS for a building with 19 floors including a two-floor
lobby on the ground floor. The initial states of the instances
occurred during lunch-hour traffic simulations, in which the
passenger arrival rates were 6% and 12% of the building
population in five minutes, or 95 and 190 persons in absolute
terms. The simulated traffic was split to incoming, outgoing,
and inter-floor traffic components with proportions 40%, 40%
and 20%, respectively. During the simulations, the locations,
loads and other state variables of the elevators as well as the
passenger calls were recorded into log-files for all solved DD-
EDP instances. A single instance from both simulations was
chosen to represent a small instance and a moderately large
instance. The small instance included 10 passenger calls and
the larger one 30 passenger calls.

A. Off-line Environment to Solve the Instances

A custom-built software was used to read the initial state
and calls of an instance from the log-files. It then modified
the DD-EDP system constraints and solved the problem off-
line by the same genetic algorithm as used in the actual
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TABLE 1. TOTAL NUMBER OF ALTERNATIVE AND EVALUATED
CHROMOSOMES
Instance with 10 passengers Instance with 30 passengers
Alternatives Evaluated Alternatives Evaluated
DC 10 10 10 10
SC 320 297 1.31-10° 7802
FC | 6.25-10% 33072 2.44 - 10%¢ 42737

elevator product [9][2][3]. However, in this off-line study, the
number of chromosomes were increased to 400 and the same
value was used for the maximum number of generations. With
these parameters, the genetic algorithm produces many more
iterations and unique chromosomes than the actual real-time
algorithm which gives a better idea of the whole objective
space.

The used genetic algorithm optimizes only a single ob-
jective. However, it was originally developed to be capable of
evaluating two or more objective functions and then calculating
the final fitness as a weighted sum over the objective function
values. Thus, the DD-EDP can be formulated as a scalarized
multi-objective optimization problem with weight factor w,

minwfl (S7T)+(1_w)f2(svT)' 3

For this study, the individual objective function values were
stored to analyze the objective space afterwards. It turned out
that the weighing had a strong influence on the areas where
the genetic algorithm solutions converged. Therefore, instances
with a large number of possible solutions, namely, the ones
with both SC and FC, were solved several times with different
weight factors, w € {0,0.25,0.5,0.75,1}.

B. DD-EDP Complexity

The complexity of the DD-EDP varies a lot depending on
the system constraints. Theoretically, the total number of solu-
tion alternatives equals (2E)C where E denotes the number of
elevators, C' the number of calls subject to optimization, and
2 stands for the two decks of the elevator. However, in the
case of DC, usually C' = 1, but in the case of FC, C equals
the total number of non-served passenger calls. The case of
SC differs slightly from the others since it contains usually
only one new call which can be served by all elevators and
C' — 1 earlier calls for which the serving deck can be changed.
Therefore, the number of solutions for SC equals 2E - 21,
Table I shows how quickly the number of alternative solutions
increases depending on the number of passenger calls and the
system constraints.

The maximum number of calls at any given time is
restricted by elevator capacity since the DC is capable of
planning elevator routes for 1.5 roundtrips ahead of their
current location. Let 6 denote the maximum number of calls
that can be assigned to one deck at a time. Then, group
control can assign up to 26 calls for a single elevator during
one trip upwards or downwards. By combining these for the
whole group, the maximum number of calls is estimated at
Chax = 6E0. For the elevator group used in these examples
Cmax equals 420 if 14 passenger calls is the momentary
maximum along the elevator routes.
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DD-EDP Objective Space for 10 Passengers
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Fig. 1. DD-EDP solutions in the objective space

DD-EDP Objective Space for 30 Passengers
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Fig. 2. DD-EDP solutions in the objective space

C. DD-EDP Objective Space

Figures 1 and 2 show the evaluated solutions of the small
and the large instance, and for DC, SC and FC, respectively. In
the figures, each data-point corresponds to one solution to the
problem instance and it depicts average passenger transit time
as a function of average passenger waiting time. The solutions
for SC and FC clearly exhibit a typical form for conflicting
objectives since the shape of the Pareto-optimal front is visible.
Since DC has only a few alternative solutions, the relationship
is not well visible but seems similar to the others.

Figures 3 and 4 show the respective Pareto-optimal fronts
for the small and the large problem. The Pareto front of the
large instance seems to be non-continuous at some specific
areas of the objective space for FC. The gaps result from the
chosen weight factors that make the search to converge on the
areas close to the gaps but not reaching them. The DC has only
three Pareto-optimal solutions to the small instance and two for
the large. This occurs probably because of the many constraints
posed by the existing passengers on the service of the new one.
The Pareto-optimal solutions of SC are slightly better than
the solutions of the DC as there are additional possibilities to
change the serving deck. According to the figures, FC promises
a clearly better service level compared to DC and SC: the
freedom of choice improves the minimum waiting and transit
times up to 15%. However, the improvement only reflects the
estimation inside the group control and its optimization model.
The result can only be interpreted as an indication, and not as
an actual improvement in passenger service level.

DD-EDP Pareto-optimal Solutions for 10 Passengers
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Fig. 3. DD-EDP Pareto-optimal solutions for 10 passengers
DD-EDP Pareto-optimal Solutions for 30 Passengers
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Fig. 4. DD-EDP Pareto-optimal solutions for 30 passengers

TABLE II. PROPORTION OF EVALUATED SOLUTIONS INSIDE THE BOX
BOUNDED BY IDEAL AND NADIR VECTORS, 10 PASSENGERS

Ideal Nadir
f1 f2 f1 fa
DC | 23.16  28.98 2472 3191
SC 23.16  28.26 2588 3191
FC 20.25  24.04 3193  34.09

Inside the box

30.0%
12.8%
19.0%

TABLE IIL PROPORTION OF EVALUATED SOLUTIONS INSIDE THE BOX
BOUNDED BY IDEAL AND NADIR VECTORS, 30 PASSENGERS

Ideal Nadir Inside the box
f1 f2 f1 f2
DC 58.62 72.06 61.28 72.37 50.0%
SC 58.62  69.05 77.68  72.37 94.4%
FC 4737  61.34 99.47  78.29 79.9%

D. DD-EDP Pareto-Optimal Region

The Pareto-optimal region is a box in the objective space
which is bounded by the ideal and the nadir objective vectors
[11]. The ideal objective vector defines the lower left corner
of the box as the minimum values of both of the objectives.
The nadir point lies in the opposite corner and can in practice
be defined by the values of the other than the minimum
component of the ideal vector. These special objective vectors
are shown in Tables II and III for the small and the large
instance, respectively. As can be expected, the volumes of the
Pareto-optimal regions are small for the DC, a bit wider for
the SC, and the largest for the FC.

The tables also show the percentage of the evaluated
solutions that lie in the Pareto-optimal region. In the case of
DC, the percentage is not statistically significant because there
are only 10 solutions to the problem instances. In the case
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of the small instance, the percentages are rather low due to
tight boundaries of the Pareto-optimal region. With the large
problem instance, the percentages are high but also the Pareto-
optimal regions are quite large, especially for the FC. The
genetic algorithm does unnecessary work when evaluating the
solutions outside the Pareto-optimal region. In addition, since
the volume of the Pareto-optimal region as well as the amount
of useless processing varies, the algorithm should be capable
of dynamically recognizing the iterations in the areas far from
the Pareto front and adapting its search direction accordingly.

IV. CONCLUSION

In this paper, the Double-Deck Elevator Dispatching Prob-
lem (DD-EDP) was described as a multi-objective optimization
problem. Generally, passenger waiting and transit times in the
elevator system are conflicting objectives. Between these two
objectives, a rather typical Pareto-optimal front was found
by studying the solutions of two DD-EDP instances in the
objective space. It seems that the more solution alternatives
there are, the wider they spread in the objective space. In
addition, sometimes a large proportion of evaluated solutions
is inferior to the Pareto-optimal region. An on-line multi-
objective optimization algorithm could use additional heuris-
tics to avoid such bad solutions since time is always a critical
resource in a real-time control system.

The system constraints of the DD-EDP arise from the
Destination Control (DC), which traditionally makes the final
decision of both the serving elevator and deck immediately
after the passenger call is registered. The semi-continuous
double-deck DC allows the group control to change the serving
deck after the initial assignment but the fully continuous DC
also allows the serving elevator to be changed. The fully
continuous DC also requires a new user interface concept.
Based on the Pareto-optimal solutions to the studied problem
instances, it seems that the FC could improve passenger
waiting and/or transit times by about 10-15%. However, this
estimation needs to be verified by proper simulations to get a
more reliable estimate.

Naturally, the question arises about what the group control
should optimize. The Pareto-optimal solutions showed a rather
wide range of values in both the average waiting and transit
times. The addition of energy consumption as the third objec-
tive would complicate the matter even further. Traditionally,
the preference order of the objectives has been the decision
maker’s dilemma in multi-criteria decision making. In an eleva-
tor group control, the decision making must be automatic and
adaptive since it is executed continuously. However, building
managers and even individual users could have a possibility
to state their preferences, which the group control could take
into account when making the dispatching decisions.
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