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Modern high-rise buildings require complex yet efficient Elevator Group
Control Systems (EGCSs). In vertical transportation through an elevator,
a passenger must make a hall call by pressing a landing call button installed
at each floor and located near the cars of the elevator group. Conventionally,
the EGCS allocates one of the cars for each hall call. Waiting time for the

arrival of car and journey time inside a car are two parameters,

which provide a suitable measure for quality and efficiency of EGCSs.
Keywords: The proposed system deals with this car-call allocation problem. The
proposed work analyzes the generated traffic patterns to dispatch a certain
Elevator Group Control number of cars to certain floors in order to reduce the overall wait time of
Systems_(EGCSs) passengers. The proposed algorithm is simulated for high-rise building with
Scheduling 20 floors and provides a better result with the reduced wait time for more
Traffic patterns number of passengers.
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1. INTRODUCTION

With the fast development in technology, better utilization, and optimization of systems, EGCS has
become a crucial area of concern. The Elevator framework has been a routine for almost all the buildings of
modern society. For the clear majority, waiting for elevators until it arrives is the utmost upsetting role,
but also the time it takes to reach the destination floor is not at ease too. This study emphasizes on
condensing the waiting time of passengers. In the arena of elevator traffic, there exist various traffic forms,
i.e., up-peak, down-peak, and inter-floor traffic patterns [1]. Up-peak traffic situations subsist when the
prevailing stream is in an upward way when mainstream passengers are concerned about arriving the system
from the main terminus of the building. In case of down peak traffic, the prevailing stream is in a downward
way, when the majority of passengers are concerned about leaving the system from the main terminus of the
building. Inter-floor traffic includes all the interchanges other than in up-peak and down-peak traffic.

Conventional elevator framework assimilates car call controls positioned near the elevator shaft.
Passengers operate over these controls to make their respective calls for moving either in the upward or
downward direction from their present floor. Once the EGCS allocates the elevator for a particular request,
the passengers are supposed to push the destination floor on the displayed operating board of floors. Based on
the above inputs, the elevator then dispatches towards the goal. Many dispatching algorithms have been
presented for elevators as per the passenger needs. Few cases are designed in a way to handle specific traffic
situations discussed above, while some work focuses on minimizing the total waiting time for passengers.
For these kinds of structures, the elevator controller, handling the dispatching of elevators remains unaware
of the goal floor of passenger until and unless the passenger explicitly selects one from the operating board.
Because of this way of functioning, such structures are unable to recognize the number of passengers, waiting
to be served or how many passengers are correlated behind a car call. For instance, a group of people might
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be interested in going to the same destination floor. However, the request for the elevator is sent only once,
which happens mostly. In the account of elevator traffic, a lot of work has been done concentrating on
various standpoints like minimizing waiting time of passengers, optimizing the model for specific traffic
patterns, car-call allotment and much more. Literature shows that it is feasible to get the count of the
passengers waiting to be served, by analyzing the historical traffic models or by mounting sensor devices
near the elevator. However, these applications are useful only in specific suitable circumstances like deriving
rules from historical patterns [2]. This may lead to the additional waiting time for passengers even if there is
a slight change in traffic behavior. In the case of the mounting sensor, there involves an extra cost for the
devices, and there might be some privacy concerns that can inhibit the device installation. Thus, there is a
need for an optimal dispatching algorithm that can serve most of the requests with a minimal waiting time
that can apply in general purpose buildings of day-to-day life. The study [3] presents a genetic algorithm-
based approach for improving the waiting time of elevators. The genetic algorithm works by a natural
development process. The algorithm took several floors, some cars, passive time, inter-floor trip time,
hall call floors, car floors, car destination floors and based on this fitness calculation is done. The study
focuses on random traffic instead of general traffic for waiting time optimization. The study [4] focuses on
traffic identification by using k-means clustering method. The traveling salesperson problem is used to solve
the elevator-dispatching problem where the elevator is visited every floor only once. The study [5] focuses on
the use of Bayesian network to determine the event probability. The scheduling of elevators uses fuzzy rules.
The count of passengers waiting at the floor and their waiting time is used to assign priorities to floors as
high medium and low. The study [6] focuses on traffic pattern recognition using a fuzzy neural network.
The identified patterns up-peak, down-peak and inter-peak traffics can use for further scheduling studies.

The study [7] presents an approach for modeling the power consumption of elevators and elevator
dispatching according to elevator traffic. It works on reducing the waiting time of the elevator and
minimizing the number of stops in order to lessen the journey time based on traffic. For each car call,
the waiting time of passengers for each elevator is computed. Afterward, the elevator with the minimum
projected waiting time is preferred and then this floor call request is added to the stopping list of elevators.
For most of the proposed procedures in the literature, the routing characteristic is not contemplated.
The study [8] compares multiple elevators dispatching approaches with a design, defining the elevator routes
overtly. Both mean waiting time and mean journey time is considered as unbiased functions in the
comparisons. In addition, they are validated with different traffic patterns for identification of the finest
resolutions of these procedures. The research [9] proposes an even-odd elevator scheduling approach in
EGCS. An even numbered elevator serves the even floors, and odd numbered elevators serve the odd floors.
The fuzzy system approach is proposed in [10] for elevator scheduling in EGCS. The method is best suitable
in a standard residential building. A methodology proposed in [11] appraise the probable checks of
passengers for the origin-destination sets of each lift trip happening in a building. These tallies are utilized to
make passengers traffic gauges which, thus, are utilized in lift dispatching to diminish vulnerabilities
identified with future passengers and hence to move forward passenger’s service level. The displayed
methodology guarantees to beat previously suggested methodologies in terms of value and can take the
favorable position of earlier data. For conserving energy, novel elevator scheduling approaches are presented
in [12-13] that contemplate the dynamic variations of electricity price and passenger traffic. In a skyscraper
construction, for transporting material goods and workers, an approach is presented in [14], which uses the
zoning-based methodology.

The outline of a 3-dimensional elevator system is provided in [15] relying on a theory that elevator
cars can move in all three paths. The regulatory controller dispatches elevator cars up a first vertical shaft to
the destined floor. Finally, all passengers are delivered in scanner manner. The study [16] focuses on range
assignment of elevator and floors for variable traffic. Four range assignment strategies are discussed; elevator
visits to all floors, zoning based, specific floors in two range. The study considers the first floor as a starting
and ending floor. The study focuses on floor assignments to elevators based on request cost, operating cost
and lifting cost. Disjoint range assignment algorithm selects the elevator with minimum cost and overlapped
range assignment algorithm selects an elevator to serve the range of floors and the highest request floor.
The study [17] focuses on a new paradigm to find the benchmark value used to evaluate the efficiency of
various elevator-dispatching algorithms. The study considers future knowledge of the passenger’s destination
is available.

The proposed scheduling approach reduces the number of elevator stops, as controller allocates
explicit elevators to the identified high traffic floors. As compared to traditional elevator scheduling where
each elevator stops at every floor, the even-odd scheduling gives less waiting time, as the number of elevator
stops reduced. As compared to even-odd scheduling, the traffic-based floor preference scheduling gives the
least waiting time. Numbers of elevator stops reduced as the controller do explicit elevator allocation to high
traffic floors.
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2. PROPOSED SYSTEM

The functioning of the system broadly takes place in three stages; the gathering of passenger
information, learning and recognizing the traffic pattern and dispatching of elevators. At the first stage,
a mechanism is used to gather the traffic information, which includes the number of passengers going to a
particular floor, source floor and the destination floor of the journey. Consistently, these coming traffic
statistics are captured and conserved. In the second stage, this collected traffic information is used to
comprehend traffic patterns out of this. Here the decision of optimal dispatching policy takes place based on
the identified traffic pattern and thus further deriving high significance floor and the intensity of requests
coming to those respective floors. At the final stage, this recognized traffic pattern knowledge is used in the
arrival call allotment and the dispatching of elevators to the floors.

2.1. Gathering Passenger Information

To capture the passenger call information, a hypothetical building with 20 floors and four elevators
with the hospital, shopping mall and an office at 10th, 15th, and 17th floor is considered. Here the Data
generator generates some random data with required timestamps. These statistics saved in the database in the
form of a file. As and when any latest information is available, the data is captured, and the same is imparted
to the controller on the interval basis.

2.2. Measurement of Passenger Traffic

The numbers of passengers willing to enter the elevator are considered as a variable for calculation.
To identify the passenger traffic movement in a building; the elevator capacity and the captured information
are operated. The advantage with these indicators is that passengers need not worry about the measurement
whatsoever. The elevator controller derives these patterns based on the rules engine defined by observing the
general patterns of traffic flow in the building.

2.3. Elevator Dispatching

The controller considers identified traffic patterns during the allocation of elevators. As per the
derived pattern, the highest priority floors are recognized. The dispatching policy will then allocate an
explicit elevator to these floors in order to serve most of the requests coming from these significant floors
with minimal waiting time for passengers. The controller considers the intensity of requests, to decide
the number of elevators needs to allocate for the high priority floors. However, all elevators will serve to all
floors, so, as the pattern changes these elevators become available to serve other floors. There will
always be one or more elevator kept aside by the controller to serve calls coming from other floors than
priority floors. The proposed system is as shown in Figure 1.
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Figure 1. The architectural diagram of EGCS

The system captures the traffic data and identifies high priority floors. Depending on the intensity of
requests, the EGCS allocates elevators dynamically to high priority floors. Figure 2 shows the dispatching
model of elevator dispatching problem.

3. RESEARCH METHOD
The below model describes a high-level view of how the proposed elevator system framework
works. For the elevator system, we consider, at a given point most of the traffic instigates from a single floor,
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and each elevator attends every floor. Thus, we can model the situation of high priority floor as many
requests in the queue by a single floor, served by one or multiple identical elevators depending upon the
intensity of requests. Consider a multi-elevator system each with the identical capacity of the passenger,
functioning on N number of floors with value one as ground floor and N as the top floor. The functioning of
the elevator dispatching system can be represented as;

N(f): Number of floors, fi: Building Floor, N(e): Number of elevators, E: Elevator

C: Number of request calls, Cf: Number of calls per floor, K: Number of elevators to allocate per
floor, P: Elevator allocation factor P lies in 1.....N (e), Sp: Call Range, N(p): Number of
passengers,

Mp): Intensity of passenger arrival,m(w): Maximum weight an elevator can carry,

S(f): Source floor of travel, T(t): Time of travel for an elevator from a source floor,

C(r): Car call requests that arrive at a floor,

Car calls from
passengers

with  varied :\ i

intensity

Elevator lobby

Elevators  with

; Respective
capacity Destination floors

Figure 2. Model of elevator dispatching problem

The thorough algorithm for traffic-based elevator scheduling is explained below;
a) Initialize all the generated traffic information.
b) Evaluate observed traffic data and recognize high priority floors based on the intensity of requests for a
particular floor. Count number of calls per floor C;
c) Calculate the total number of calls in building C

C=X}.oCf D
Find call range for P=1......N (e)
S,=(C+N(e)xP 2)

Lift allocation for each floor f; i=1... N(f)
For P=1......N (e)

If Sp1 < Ci< Sy, Then

K= N (e)-(N (e)-P) Where Sy=0;

Assign Eg, E;......Ex to respective floor f;

d) If the call is coming from f; then check for the availability of elevators and assign elevator to identified
priority floors. Move elevator to floor f; from the assigned elevator list based on the assignment
algorithms.

e) Repeat the process whenever new data is obtainable.

The state-space X of the model for elevator assignment is obtained by outlining;
C(r) The number of car call requests arriving at a floor,
N (e) The number of elevators available to serve at that floor.

X ={(C(r),N(e)} ®)

Consider a building of 20 floors with four working elevators.
Thus, C(r) =0,1,2.... N(e)=01,234
When any number of requests comes at a floor F, then the possible actions could be;
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Case 1: If a single car call request comes

Action N(e) = 0: Assign an elevator for request floor

Action N(e) = 1: This available elevator will serve the call

Action N(e) = 2: No action needed; an elevator will be on hold until the next request comes.
Case 2: If multiple requests come

When the intensity of the request is less than the maximum capacity of an elevator i.e.

A(p) < m(w) Then,

Elevator 1 will serve all the car call requests.

Thus, Elevator dispatches: {C(r), m(w)}

When the intensity of the request is greater than the maximum capacity of an elevator i.e.

A (p) > m(w) Then, Elevator 1 and 2 will serve the car call requests.

Thus, elevator dispatches: {C(r),2(m(w))}
Case 3: Overflow situation: If the A(p) is more than the m(w) of all the available elevators (assuming
currently 2 elevators are available) i.e; A(p) > 2(m(w))

Elevator dispatches: {C(r),2(m(w))}

Leaving behind {C(r), (A(p) — 2(m(w)))}

4. RESULTS AND DISCUSSIONS

Consider a commercial building with 20 floors and 4 elevators serving the floors. There are a
hospital, shopping mall and an office on floor number 10, 15 and 17 respectively. In a conventional elevator
control system, each elevator serves all the floors based on the requests coming. Due to continuously varying
circumstances, traffic flow diverges, thus working with such scheduling algorithms is less effective and
results into long waiting time for passengers. As per the current building scenario, there will be high up peak
traffic flow for floor number 15 during the morning, as everyone will be coming up at that time. Likewise,
down peak traffic flow will be high in the evening for this floor when the official time overs. For the floor
number 10, there will be variations in the call; however, as compared to other floors in the building, the up
peak and down peak, the flow of traffic will be high in here. Typical considerations in the simulation are
Number of Floors: 20, Number of Elevators: 4, The capacity of an Elevator: 540 kg (approx. 9 people), High
traffic floors: 10 and 15. Figure 3 gives the pictorial view of the building with elevators.

>
<

>
<

>
<

>
<

>
<

>
<

>
<

>
<

>
<

>
<

>
<

>
<

>
<

>
<

>
<

>
<

ey

>
<

Data general Save simulation data Choose Fies | No fle chosen

Figure 2. The pictorial view of the considered building

Here, for the testing purpose data is generated using the simulator, which generates random calls for
all floors. Afterward, this generated data is saved in a file using the ‘Save simulation Data’ option shown
below. An elevator controller uses this data to identify traffic patterns. Following is the snippet from the file
showing how car call request are coming for each floor. With the same internals, the controller analyzes this
data to get the advance traffic pattern. Figure 4 shows a sample of incoming calls.
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As per the graph shown in Figure 5, most of the calls are coming from floor number 10, 15 and 17
as compared to other floors. Thus, after analyzing this data, the controller will identify the priority floors as
10, 15 and 17. So as per the intensity of coming request one explicit elevator will get allocated to each of
these floors while the fourth elevator will then serve the requests coming from other floors. Here total car call
requests coming are near about 1000 for a day. Moreover, as seen, out of this the request for floor number 10,
15 and 17 collectively are 656. So, on an average in a day 70% of requests come from these floors. Thus,
with the proposed system, by an explicit allocation of an elevator to these floors 70% of requests will be
served with minimum waiting time for passengers. This allocation shows a significant reduction in waiting
time. Over the time, if the intensity of request increases for some other floors or even if the intensity reduces
to these floors, then the controller identifies the priority floors as per the revised car call request data.

Generating che input daca for simulation 11:33:58
Flease wait... t

call from floor number:: 10

call from floor number:: 9

call from floor
call from floozr
call from floor
call
call
call from flcor number:: 14

call from floor number:: 17
call from floor
call from floor
call from floor
call from floor
call from floor
call from floor nu
call from floor nw
call from floor nu
call from floor nu
call from floor
call
call
call from floor mni

call from floor nu

call from floor number:: 14
call from floor numbex:: 10

Figure 3. A sample of coming car call requests

280 273
Y

190 184
[

Cor call requests
2N
o0

100

90

80

o

&0

S50

40 6
30|21 2z 22 20 22 23 23

Bp 2 a6 o, 9y 2 19 2 3 P 7 1 %
% v T 3 & ® 6 1 % 9 @ B 1 3 1 ® i 9 @ 9 0

Flosr Number

Figure 5. Observed traffic patterns

Thus, the presented approach will work for any general-purpose building. Table 1 shows the
Elevator assignment based on observed traffic data. In even odd scheduling, even elevators are allocated to
even floor calls, and odd Elevators are allocated to odd floor calls. The proposed system observed traffic
pattern and based on traffic patterns elevator allocation is done. In Table 1 floor, no 15 have highest calls, so
all four elevators are allocated to this floor. Floor no 10 and 17 are higher calls, so three elevators are
allocated to these floors. Elevator number 2, 3, four are explicitly allocated to floor 10, 15 and 17. Remaining
floors have minimum calls; hence, only one elevator is allocated to serve these calls. As floor no 10, 15 and
17 have maximum calls and explicitly allocated elevators, it minimizes the number of stops and results in
minimum waiting time to serve these calls.
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Table 1. Elevator Allocation Based on Observed Traffic Data

Sr. No Floor No No. of calls Allocated Elevator E Allocated Elevator E
(Even/Odd scheduling) (traffic-based scheduling)

1 1 23 E1,E3 E1l

2 2 16 E2,E4 E1l

3 3 12 E1,E3 E1l

4 4 15 E2,E4 El

5 5 16 E1,E3 E1l

6 6 20 E2,E4 E1l

7 7 10 E1,E3 E1l

8 8 29 E2,E4 E1l

9 9 23 E1,E3 E1l

10 10 200 E2,E4 E2,E3,E4
11 11 18 E1,E3 E1l

12 12 17 E2,E4 E1l

13 13 22 E1,E3 E1l

14 14 24 E2,E4 E1l

15 15 269 E1,E3 E1,E2,E3,E4
16 16 24 E2,E4 E1l

17 17 187 E1,E3 E2,E3,E4
18 18 17 E2,E4 E1l

19 19 16 E1,E3 E1l

20 20 25 E2,E4 E1l

Consider calls are coming from each floor and elevator allocation is as per Table 1. Table 2 shows
the comparative study of waiting time required to serve the calls at floor 10, 15 and 17 using even-odd
elevator scheduling and traffic-based elevator scheduling. As compared to even odd elevator scheduling, the
traffic-based elevator scheduling reduces the waiting time of passengers. Waiting time analysis between
even/odd and traffic-based scheduling is shown in Figure 6.

Table 2. Waiting Time (WT) in Even Odd and Traffic-Based Scheduling

Sr. No Calling Floor WT (Even/Odd scheduling in a sec) WT (traffic-based scheduling in a sec)
1 0->10 28 20
2 0->15 44 30
3 0->17 50 34
4 10->0 28 20
5 1550 44 30
6 1750 50 34
7 AVG WT 40.66 28
B Trefi based schedulng B Evevedd sdhudulang
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Figure 6. Waiting time analysis between even/odd and traffic-based scheduling
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5. CONCLUSION

We have presented a novel approach to optimize the dispatching of cars in an Elevator Group
Control System. This approach serves the high-rise buildings with differential traffic at each level and in
peak traffic hours. Implementation considers a hall call pattern to define the best possible dispatching
strategy. The approach is successfully simulated for 20-floor building, and it outperforms the existing
computing techniques. The algorithm reduces the cumulative wait time for passengers by using traffic based
floor preference approach.
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