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Abstract: In parallel with the increase seen in the number of high-rise buildings, vertical transport systems are progressing. One of the 

results of this progress is the emergence of group elevator systems and their primary aim is to transport its passengers to the target floor 

the fastest way possible. Studies on this field are generally simulation and optimization based and they have an aim of minimizing the 

passengers’ waiting and traveling periods. In this study, a real time group elevator experimental setup was created and an optimization 

algorithm was applied on the setup. Genetic algorithm was chosen as optimization algorithm and this method was tested in an elevator 

prototype of 10 floors and 5 cabins. The results obtained revealed efficiency, performance and accuracy of proposed method. 
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1. Introduction

Elevator systems are of utmost importance in our daily lives. 

These systems are used in nearly all fields and they provide ease 

especially in vertical transport [1, 2]. In addition to this, when we 

take rising number of high-rise buildings of today’s world into 

account, importance of elevator systems increases [3]. 

In parallel with increasing number of floors in buildings, the 

population in the buildings also increases and single cabin 

elevator systems fail to meet the needs of this population [4-6]. 

Group elevator systems, which have emerged for satisfying this 

needs, are seen in many buildings and are in active use today. In 

general sense, group elevator systems are active usage of two or 

more elevator systems in the same building. Main aim of these 

systems is to ensure that people’s average waiting and traveling 

period is reduced [5-7]. 

In one of the studies in line with these objectives, group elevator 

systems are optimized using genetic algorithms. In the study, a 

system of 20 floors and 4 cabins were created and reducing 

people’s average waiting and traveling period is aimed. 

Directional calls were used and these calls were previously 

uploaded into the system. Obtained simulation results show 

efficiency of the proposed approach [8]. In another study on the 

same subject, hybrid optimization technique was proposed. In the 

study in which particle batch optimization and simulated 

annealing algorithms are used and a system of 16 floors and 4 

cabins was preferred. Average waiting period, long waiting 

percent and process time was taken into account in the study. 

Proposed approach overcame the deficiencies of particle batch 

optimization algorithm and offered a new solution for timing 

group elevator systems [9]. 

In another study on group elevator systems, three different 

optimization techniques were used for process of timing. Genetic 

algorithm, artificial immune algorithm and DNA algorithm were 

used in this study and an estimation algorithm was proposed. In 

simulation processes, a 20 floor and 5 cabin system was 

considered and approximately 500 directional calls were created. 

In the system in which all methods are tested in line with these 

calls, a decrease in people’s average waiting periods was 

observed [10]. In another study for average waiting time, a 

simulation environment consisting of 16 floors and 4 floors was 

created. In this study, a numeric keypad was used for people to 

enter their destination floors. Therefore target floors could be 

known beforehand. In addition to this, an artificial immune 

optimization algorithm was used in the study in order to for the 

cabins to detect the optimal way [11]. In another study on the 

same field, a fuzzy group elevator control algorithm was 

proposed. In this study, there are five different control algorithms 

based on FPGA. An example of block diagram summarizing this 

structure which consists of four different modules is as seen in 

Fig. 1 [12].   
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Figure 1.The proposed approach in literature [12] 

In another study which proposes a different point of view to 

analyse group elevators, the aim was to create double cabin 

elevator systems. In this approach, which was applied on group 

elevator systems, genetic network programming technique was 

used and it was revealed that the proposed approach diminished 

waiting and traveling periods in different building traffics. The 

block diagram to summarize the system used in this study is 

given in Fig. 2 [13]. Another issue to take into account in group 
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elevator systems is energy efficiency. In another study, in 

addition to minimizing cabins’ average waiting and traveling 

times, an adaptive control system with the aim of diminishing 

energy use was proposed. In this approach, genetic algorithm, 

clonal selection algorithm, DNA algorithm and estimating 

algorithm was used. Besides, in this system, a fuzzy structure was 

created to make effective use of these algorithms. The proposed 

system calculates average waiting and traveling periods and 

energy amounts to be used by the cabins to detect the optimal 

solution. An example block diagram of this paper is presented in 

Fig. 3 [14]. 

In this study, a genetic algorithm was used for time efficiency 

optimization of group elevator systems. Within the scope of the 

study, an experimental setup of 10 floors and 5 cabins was 

established and optimization algorithm was tested on this system. 

On the established experimental setup, people could enter their 

destination floors thanks to numeric keypad. Directional floor call 

keys were also used. Also, optimization algorithm was applied on 

both call types and system behaviour was studied. In line with 

these objectives, details of the optimization algorithm was given 

in part two. In part three, work patterns of the elevator control 

system was referred to and in part four, experimental results were 

included. In the fifth and the last parts of the study, results were 

presented.  
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Figure 2.Proposed method in literature [13] 
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Figure 3.The proposed approach in literature [12] 

2. Genetic Algorithm for Elevator Control System

Control and optimization of a group elevator system is an 

important issue. Using optimization techniques in these systems 

for usage of elevator cabins ideally and for the elevator to provide 

its services to the people is a must. In the study performed with 

this objective, genetic algorithm was used and minimizing 

people’s waiting period was aimed.  

Genetic algorithm is an optimization technique which is 

commonly used in literature and applied in many fields [15, 16]. 

Pseudo code of this approach which aims best ideal solution in 

big solution space is shown step by step in Fig. 4. 

Initial population of randomly generated sequences of 
binary numbers

A certain amount of element is selected for the solution

Crossing is applied to new population

Mutation process is applied for the same population

Affinity values of elements of these populations are found

2. step is repeated until it reaches the maximum number of 
transactions

Step 1:

Step 2:

Step 3:
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Step 6:

Genetic Algorithm Pseudo Code

Figure4.Genetic algorithm pseudo code 

One of the most important difficulties encountered in 

organization methods is specifying objective function. Objective 

function, which is of utmost importance in problem solving, is 

seen as in Equation 1 for group elevator system. 

𝐴𝑓𝑓𝑖𝑛𝑖𝑡𝑦 =   𝑘 − 𝑙  ∗ 𝑇𝐾 ∗ 𝑎1 + 𝑇𝐷 ∗ 𝑎2 (1) 

𝑘 = 𝐸𝑙𝑒𝑣𝑎𝑡𝑜𝑟′𝑠 𝑓𝑙𝑜𝑜𝑟 

𝑙 = 𝐸𝑙𝑒𝑣𝑎𝑡𝑜𝑟′𝑠 𝑡𝑎𝑟𝑔𝑒𝑡 𝑓𝑙𝑜𝑜𝑟 

𝑇𝐾 = 𝐸𝑙𝑒𝑣𝑎𝑡𝑜𝑟′𝑠 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑤𝑜 𝑓𝑙𝑜𝑜𝑟𝑠 

𝑇𝐷 = 𝐸𝑙𝑒𝑣𝑎𝑡𝑜𝑟′𝑠 𝑑𝑜𝑜𝑟 𝑜𝑝𝑒𝑛𝑖𝑛 𝑐𝑙𝑜𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝑎1 = 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔𝑡  0.8  

𝑎2 = 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔𝑡 (0.2) 

Genetic algorithms are one of the most frequently used 

optimization techniques. One of the principal reasons for this is 

that genetic algorithms are able to offer really fast and effective 

solutions in big solution spaces. Therefore, this method was 

chosen for the study and used for control and optimization of 

group elevators. 

3. Experimental Results

In order to put the proposed approach into practice, an elevator 

prototype was developed which worked in line with the real 

elevators. This system has 10 floors and 5 cabins. Dial calls are 

designed both as directional and as in a way which destination 

floor can be entered. For this purpose, a numeric keypad is 

integrated onto the system. An example block diagram on the 

designed system can be seen in Fig. 5. 

In the designed system there are seven segment displays on each 

cabin and these displays show the floor the cabin is on. There is 

also a 2x16 LCD screen placed on top of the system. In this group 

elevator system of 10 floors and 5 cabins, Can Bus 

communication standard is used. Communication of the system 
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with the outer world is established with an RS-232 port via serial 

communication systems. Data is both transferred and read 

through this network. Various data polls were created on main 

computer line for measuring performance of the system and these 

calls are transferred to the processor controlling the elevator. 

Therefore, performance tests could be made and statistical 

information could be obtained. 

On the system, the tests are made through three different ways. 

These are elevator control approach using classical directional 

floor call, elevator control approach based on directional floor 

call based on optimization and elevator control approach using 

numeric keypad. The system receives calls from call pool, floor 

and cabin numbers, cabin position and direction information as an 

entry. Then it applies the chosen one of the 3 proposed methods 

onto the system. When this frame is considered, diagram for the 

proposed approach is as seen in Fig. 6. In addition to this, a block 

diagram to summarize the way the system works is shown in Fig. 
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Figure 5. Designed group elevator system 
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4. Experimental Results

In this study, group elevator systems’ control and optimization 

were performed. For this purpose, an elevator system of 10 floors 

and 5 cabins was established and optimization of incoming floor 

calls was performed using genetic algorithms. With this 

optimization process, minimizing people’s waiting period was 

aimed. Three different situations were taken into account in tests. 

First of them is the system using classical methods and 

directional buttons. In this application, the system works in line 

with the logic of closest floor. In other words, the cabin which 

stands closest to the floor from which the call is made is 

transferred to the floor. In the second scenario, optimization of 

these directional calls is managed with genetic algorithms. A call 

pool of random directions and these calls are optimized with 

genetic algorithm. In the third and last scenario, a numeric 

keypad integrated onto elevator prototype was used. This allowed 

people to enter the destination floor they want to be on. The most 

important advantage of this method is that the capacity to know 

of destination floors beforehand. An image of experimental setup 
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established within this framework is shown in Fig. 8 and 9. 

Figure 8.  The experimental setup 

Figure 9.The cabins, display and numerical keypad 

There are basically three different traffic periods in elevator 

systems. These are respectively up-peak, down-peak and 

interfloor. Up-peak is the period which is encountered usually in 

the mornings, when people are keen to travel upstairs. Down-

peak is the period encountered at the end of the shift, when 

people are keen to travel downstairs. Interfloor traffic is the type 

of traffic encountered between floors during the day. Interfloor 

traffic was taken into account in this study. In calls with random 

directions created in line with this situation, the number of 

downward and upward calls are approximately the same. Details 

of the building and the cabins are given on Table 1. In addition, 

starting locations of cabins are kept fixed and cabins’ location 

and direction information is given on Table 2. 

Table 1. Building and elevator features 

Element Values 

Number of floors 10 

Number of elevators 5 

Floor height (cm) 17 

Speed (cm/s) 5 

Number of calls 500 

Number of up direction calls 289 

Number of down direction calls 211 

Table 2. Floor and direction of cabins 

Cabin No Floor Directions 

1 5 Up 

2 9 Down 

3 1 Up 

4 8 Down 

5 6 Up 

As reported in the very beginning of the report, three different 

applications were developed on the system. Random calls created 

in the beginning phase are tested and system behavior was 

examined. In this process, average waiting periods were 

consistently measured and a graphic indicating the results of this 

change can be seen in Fig. 10. 

Figure 10.  Average waiting times for three different test condition 

As it can be seen in Fig. 10, the ideal solution of three different 

tests turned out to be the one in which numeric keypad and 

optimization were used together. Besides, classical method 

offered provided the worst performance. In the light of this data, 

Table 3 shows average waiting periods and system performance 

assessment. 

Table 3. Floor and direction of cabins 

Classic Optimization Keypad 

AWT (s) 18.01 16.67 14.54 

~CPU (%) 11 63 35 

As it can also be seen on Table 3, the systems in which numeric 

keypads were used turned out 23,8% more efficient, which means 

these systems provided a 14,6% more performance level when 

compared to the approach in which the optimization technique is 

used. When CPU usage data is analysed, the reason that classical 

method is the most advantageous one is that it steers the cabins 

according to the closest floor principle. When optimized system 

and the system with numeric keypad are compared by means of 

CPU performance, numeric keypad system is on step ahead. 
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5. Conclusions

Group elevators were optimized with the study’s proposed 

approach. With this objective, a prototype of a group elevator 

system of 10 floors and 5 cabins was set up and tests progressed 

on this experimental setup in real time. A numeric keypad system 

was integrated into the elevator, different from classical elevator 

systems, and the people were allowed to enter their destination 

floor before they get on the elevator.  

In this approach, genetic algorithm was chosen for the method of 

organization. This algorithm is fast and efficient, paving the way 

to its preferability. Three different approaches were taken in 

testing process. As a result of the studies, the control system with 

numeric keypad worked better. Thanks to this new approach, a 

20% more efficiency could be get and a 14% gain could be 

managed when compared to the systems in which only 

optimization techniques were used. 
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