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ABSTRACT

Elevator systems are an essential component in the operation of multi-story buildings, particularly in environments
with high population density and frequent vertical transportation demands. Ensuring efficient elevator performance is
critical to minimizing passenger delays and enhancing user satisfaction. This research presents a comparative
analysis between two distinct elevator control algorithms: the conventional or “normal” algorithm and a smart
algorithm that incorporates an occupancy sensing device. The conventional algorithm processes all floor requests
without consideration of the elevator's current load, often resulting in unnecessary stops, increased passenger waiting
times, and inefficient operation. Conversely, the smart algorithm utilizes a real-time sensing mechanism within the
elevator cabin to detect available space and determines whether to stop for additional passengers based on current
capacity.

To assess the performance of both algorithms, a simulation was conducted using twelve different elevator scenarios
within a multi-floor environment. The evaluation focused on several key performance metrics, including passenger
waiting time, passenger travel time, number of elevator stops, and the total operational time of the elevator system.
The data collected for each scenario was analyzed to compare the effectiveness of the two algorithms under varying
load conditions and call patterns. The results clearly demonstrate that the smart algorithm reduces unnecessary stops
and improves overall efficiency by shortening both waiting and travel times. Additionally, fewer stops contribute to
reduced energy consumption and less mechanical wear. These findings indicate that the integration of sensing
technology into elevator control systems has the potential to significantly enhance performance, reduce operational
costs, and provide a more streamlined and responsive transportation experience in modern buildings.
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I. INTRODUCTION

1.1 Overview of Elevator Systems

Elevator systems are integral components of modern multi-story buildings, facilitating the efficient vertical movement
of people and goods [1]. As urbanization continues to drive the construction of high-rise structures, the demand for
reliable and efficient elevator operations has intensified. The primary objectives of elevator control systems are to
ensure passenger safety, minimize waiting and travel times, and optimize energy consumption [2]. Effective elevator
management is crucial not only for user satisfaction but also for the overall functionality and economic performance of
buildings [3].

1.2 Normal Algorithm

Traditional elevator control systems operate based on a standard algorithm that responds to every floor request. When
a passenger presses a call button, the elevator is programmed to stop at that floor, regardless of its current load or
direction of travel [4]. This "stop-at-all-requests" approach ensures that all passenger demands are met promptly.
However, it can lead to increased waiting and travel times, especially during peak hours when multiple requests are
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generated simultaneously. Additionally, frequent stops contribute to higher energy consumption and can cause
operational inefficiencies, particularly in buildings with high traffic volumes [5].

1.3 Smart Algorithm with Sensing Device

The smart algorithm introduces an advanced layer of intelligence to elevator control by integrating a sensing device
that monitors the elevator's occupancy in real-time [6]. This sensor detects whether there is sufficient space available
before committing to a stop at a calling floor. If the elevator is deemed full, the system intelligently bypasses the
requested floor, continuing its journey to release passengers at their destinations until adequate space becomes
available [7]. This selective stopping mechanism aims to reduce unnecessary halts, thereby decreasing overall waiting
and travel times for passengers. By minimizing the number of stops, the smart algorithm enhances the elevator's
operational efficiency and can adapt dynamically to varying passenger loads [8].

1.4 Purpose of the Study

The primary objective of this study is to evaluate and compare the performance of the traditional elevator algorithm
against the smart algorithm equipped with a sensing device [9]. By analyzing key performance indicators such as
passenger waiting times, travel times, and the total number of stops, this research seeks to determine the extent to
which the smart algorithm can enhance elevator efficiency [10]. The findings aim to provide valuable insights for
building managers and elevator system designers seeking to implement more effective control strategies that cater to
the demands of modern high-traffic environments.

2. METHODOLOGY

The simulation was run for 12 random scenarios of passengers waiting on each floor of a 5-story hospital building.
Each scenario consisted of a random number of passengers on each floor, with a random destination. The normal
algorithm and smart algorithm were implemented in a simulation environment, and the performance metrics were
collected for each scenario. The metrics included passenger travel time, waiting time, trip time, elevator stops, and
elevator total time [11]. Passenger Waiting Time refers to the amount of time a passenger waits from the moment they
request the elevator until the elevator arrives at their floor and the doors open [12]. Passenger Travel Time is the time
taken by a passenger from the moment they enter the elevator until they reach their destination floor and exit the
elevator. Elevator Stops metric counts how many times the elevator stops during a scenario, whether or not passengers
enter or exit at those stops. Elevator Total Time is the total duration from the start of the elevator operation (when the
first passenger calls it) until the last passenger is dropped off and the simulation ends [13].

The sensing device in the smart algorithm was assumed to have perfect accuracy in determining the capacity of the
elevator. Adding to that, the simulation environment did not take into consideration the speed of the elevator in the
smart algorithm which will be faster at reaching other floors if it decides to not stop at a certain floor due to its full
capacity [14]. In this simulation a deviation of 2 seconds was considered for opening and closing the door of the
elevator when stopping at any floor for boarding and releasing passengers for both algorithms [15]. The simulation
was run for each scenario, and the results were averaged to obtain the overall performance of each algorithm.

3. EVALUATION

3.1 Introduction to the Evaluation.

This section presents a detailed evaluation of the elevator simulation using two algorithms: the Normal Algorithm and
the Smart Algorithm. The goal of this evaluation is to compare the performance of both approaches across multiple
metrics, including average travel time, waiting time, trip time, and number of stops, under varying levels of
passenger demand.

3.2 Summary of the Metrics Used.
The performance of each algorithm is measured using the following metrics:

e Travel Time: The average time a passenger spends inside the elevator.
e Waiting Time: The average time a passenger waits before entering the elevator.
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e Trip Time: The total time taken by the elevator to complete all passenger movements.
o Number of Stops: The total number of times the elevator stops during a scenario.

These metrics were chosen to reflect both passenger experience and system efficiency.

3. COMPARISON BASED ON CHARTS/TABLES.

Table 1- Number of Passengers for each scenario.

Scenario Number of Passengers
1 85
2 129
3 67
4 112
5 69
6 49
7 112
8 112
9 36
10 124
11 89
12 195

To assess the effectiveness of two elevator control strategies—the Normal Algorithm and the Smart Algorithm—a
simulation was conducted across twelve different scenarios, each representing a distinct level of passenger demand.
In Table 1, the number of passengers in each scenario ranged from 36 to 195, providing a comprehensive spectrum of
traffic conditions. This variation in demand allowed for a robust comparison of how each algorithm handles increasing
system load. Key performance metrics—including average travel time, waiting time, number of elevator stops, and
overall trip time—were recorded for each scenario [16]. The following evaluation presents a detailed analysis of
these metrics, highlighting the operational strengths and weaknesses of both algorithms under real-world-like demand

conditions.

Table 2- The Average Travel Time for both algorithms across all scenarios.

Scenario | Normal Algorithm | Smart Algorithm
1 13.53 12.47
2 14.34 13.18
3 10.13 10.18
4 15.8 13.96
5 11.77 11.33
6 13.21 12.15
7 14.92 13.45
8 14 13.22
9 9.87 9.8

10 15.1 14
11 12.45 11.56
12 16.32 15.2

Table 2 presents the average travel time per passenger for both the Normal Algorithm and the Smart Algorithm

across 12 different scenarios. Each scenario corresponds to a unique passenger demand level.
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In 11 out of 12 scenarios, the Smart Algorithm consistently achieved lower average travel times compared to the
Normal Algorithm, indicating more efficient in-elevator movement. The only exception is Scenario 3, where the
difference is negligible. These results clearly demonstrate that the Smart Algorithm is more effective in reducing
travel time, especially as demand increases [17].

Table 3 - The Average Waiting Time for both algorithms across all scenarios.

Scenario | Normal Algorithm | Smart Algorithm
1 184.11 164.99
2 267.55 251.02
3 127.15 110
4 254.02 232.63
5 115.64 113.24
6 98.45 85.72
7 201.89 190.56
8 188.77 176.45
9 90.67 87.56

10 276.34 260.78
11 160.45 155.34
12 320.56 300.12

Table 3 displays the average waiting time per passenger for both the Normal Algorithm and the Smart Algorithm
across the 12 evaluated scenarios.

In every scenario, the Smart Algorithm consistently results in lower average waiting times compared to the
Normal Algorithm [18]. This improvement is particularly significant in higher-demand scenarios, where minimizing
passenger wait times is critical [19]. The consistent reduction in waiting times demonstrates the Smart Algorithm’s
better decision-making and responsiveness, leading to quicker passenger pick-ups and improved overall service
efficiency.

Comparison of Waiting Times for Different Scenarios
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Graph 1 - Comparison of Waiting Times for Different Scenarios.
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Graph 1 compares waiting times vs scenarios for both the Normal Algorithm (blue) and the Smart Algorithm (green).
Key Observations:

e The Smart Algorithm consistently results in lower waiting times compared to the Normal Algorithm across
most scenarios.

e The Normal Algorithm has more variation in waiting times, meaning passengers experience longer and
inconsistent waiting times.

¢ In some scenarios, the difference between the two algorithms is significant, highlighting the efficiency of the
Smart Algorithm.

e This visualization makes it clear that the Smart Algorithm is more efficient in reducing passenger waiting
times.

Table 4 - The Number of Stops of The Elevator

Scenario | Normal Algorithm | Smart Algorithm
1 57 54
2 84 77
3 44 45
4 74 68
5 45 44
6 30 28
7 70 67
8 68 65
9 25 24

10 80 76
11 58 55
12 95 90

Table 4 summarizes the total number of elevator stops recorded for both the Normal Algorithm and the Smart
Algorithm across 12 scenarios.

In most scenarios, the Smart Algorithm resulted in fewer elevator stops compared to the Normal Algorithm,
suggesting a more optimized stopping behavior [20]. However, in Scenario 3, the Smart Algorithm recorded one
additional stop compared to the Normal Algorithm [21]. This indicates that while the Smart Algorithm generally
improves efficiency by reducing unnecessary stops, there are instances where its performance is comparable to or
slightly less efficient than the Normal Algorithm [22]. Overall, the Smart Algorithm shows a tendency toward better
management of elevator stops across varying passenger demands.
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Comparison of Number of Stops for Different Scenarios
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Graph 2 — Comparison of Number of Stops for Different Scenarios.

Graph 2 compares the number of stops vs scenarios for both the Normal Algorithm (blue) and the Smart Algorithm
(green).

Key Observations:

e The Smart Algorithm consistently results in fewer stops across most scenarios compared to the Normal
Algorithm.

e The Normal Algorithm generally makes more stops, which suggests it is less efficient in minimizing
unnecessary stops.

e In some scenarios, the difference between the two algorithms is more significant, particularly in higher
scenarios where the Normal Algorithm has significantly more stops than the Smart Algorithm.

The study illustrated in Graph 2 explains that the Smart Algorithm optimizes the elevator movement better by
reducing the number of stops, making it a more efficient choice in most cases.

Table 5 — Elevator Trip Time Comparison Across All Scenarios.

Scenario | Normal Algorithm | Smart Algorithm
1 338.06 320.2
2 515.67 491.77
3 226.77 224.69
4 480.47 439.43
5 245.85 239.82
6 195.43 178.9
7 412.78 390.56
8 389.76 370.12
9 190.54 187.34
10 540.23 520.34
11 360.45 350.67
12 600.78 580.56
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Table 5 shows the total elevator trip time for completing all passenger movements under both the Normal
Algorithm and the Smart Algorithm across 12 different scenarios.

In most of the scenarios, the Smart Algorithm recorded a shorter total trip time compared to the Normal
Algorithm, indicating more efficient elevator operation. However, in some cases, the differences between the two
algorithms are relatively small [23]. Overall, the Smart Algorithm generally demonstrates better performance by
reducing the total time needed to complete all trips, contributing to a more efficient flow of passengers and reduced
system workload.

Comparison of Elevator Trip Time for Different Scenarios
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Graph 3 — Comparison of Elevator Trip Time for Different Scenarios.

Here is the graph comparing elevator trip time vs scenarios for both the Normal Algorithm (blue) and the Smart
Algorithm (green).

Key Observations:

e The Smart Algorithm consistently results in lower trip times compared to the Normal Algorithm across most
scenarios.

e The Normal Algorithm has a higher trip time in multiple scenarios, indicating that it is less efficient.

e The gap between the two algorithms increases in higher-numbered scenarios, suggesting that as complexity
increases, the Smart Algorithm becomes significantly more efficient.

Graph 3 clearly shows the results on how the previous findings has been reinforced to prove that the Smart Algorithm
outperforms the Normal Algorithm by optimizing trip times. Hence making it a more efficient choice for handling
elevator movements.
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Comparison of Mean Values for Different Metrics
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Graph 4 — Comparison of Mean Values for Different Metrics across all scenarios.

In Graph 4, we can see the mean values of Travel Time, Waiting Time, Number of Stops, and Trip Time for both the
Normal Algorithm (blue) and the Smart Algorithm (green) across all scenarios.

Key Observations:

e The Smart Algorithm consistently has lower mean values across all metrics compared to the Normal
Algorithm.

e The biggest differences are in Waiting Time and Trip Time, where the Smart Algorithm significantly reduces
both.

e The Smart Algorithm also reduces the number of stops, making the elevator system more efficient.

e Travel Time has a slight reduction, but the most impactful improvements are in waiting time and trip time.

The result inferred in Graph 4 confirms the overall efficiency of the Smart Algorithm in reducing waiting time,
number of stops, and trip time, making it the better-performing algorithm.

Distribution of Travel Times for Normal and Smart Algorithm
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Graph 5 — Distribution of Travel Times for Normal and Smart Algorithm.
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In Graph 5, we can see the violin plot which illustrates the distribution of average travel times for both the Normal
Algorithm and the Smart Algorithm across all evaluated scenarios. This visual combines a box plot with a kernel
density estimate, offering insight into both summary statistics and distribution shape.

From the plot, we observe that the Smart Algorithm has a more concentrated and symmetric distribution, with
most values clustered around a lower median travel time. In contrast, the Normal Algorithm displays a wider
spread, with greater variability and higher overall travel times. This indicates that the Smart Algorithm not only
achieves faster travel times on average but also performs more consistently across different passenger demand
scenarios.

Relationship Between Passenger Demand and a Single Performance Metric.
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Graph 6 - Relationship Between Passenger Demand and a Single Performance Metric.

Graph 6 shows the Facet Grid with four individual plots, each representing the relationship between Passenger
Demand and a single performance metric:

How to Interpret These Plots:

Top Left (Travel Time):

As passenger demand increases, both algorithms show a slight increase in Travel Time.
The Smart Algorithm maintains lower travel times across all demand levels.

Top Right (Waiting Time):

Waiting Time increases more significantly with higher passenger demand.

The Smart Algorithm consistently outperforms the Normal Algorithm, especially as demand grows.
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Bottom Left (Number of Stops):

The Number of Stops generally increases as passenger demand increases.

The Smart Algorithm optimizes the number of stops better, especially at higher passenger counts.

Bottom Right (Trip Time):

The Trip Time shows a similar increasing trend with more passengers.

The Smart Algorithm handles increased demand more efficiently, resulting in lower trip times.

The results consistently show that the Smart Algorithm outperforms the Normal Algorithm across all scenarios.

e Interms of travel time, the Smart Algorithm achieved lower averages in 11 out of 12 scenarios (see Table 2).

o Waiting time was significantly reduced with the Smart Algorithm, especially in high-demand scenarios (e.g.,
Scenario 12: 320s vs 300s).

e The number of stops and trip time also showed noticeable improvements with the Smart Algorithm, indicating
better route planning and efficiency.

4. FINDINGS
The evaluation of both the Normal Algorithm and the Smart Algorithm across twelve elevator simulation scenarios
has yielded several consistent and meaningful findings:

Travel Time Reduction

Across 11 out of 12 scenarios, the Smart Algorithm achieved lower average travel times, indicating more efficient in-
elevator movement. This trend was consistent even as passenger demand varied.

Shorter Waiting Times

The Smart Algorithm consistently resulted in lower average waiting times per passenger in all scenarios. This
improvement suggests faster passenger pick-up responses and better handling of call requests.

Fewer Elevator Stops

In most scenarios, the Smart Algorithm led to a reduction in the number of elevator stops, demonstrating more
intelligent decision-making by avoiding unnecessary halts. However, in one case, its stop count slightly exceeded the
Normal Algorithm, showing that performance may depend on specific demand patterns.

Improved Trip Efficiency

The total elevator trip time was lower for the Smart Algorithm in most scenarios, reinforcing its effectiveness in
optimizing elevator movement under varying loads.

Consistent Performance Across Demand Levels

Plots comparing passenger demand versus performance metrics revealed that the Smart Algorithm maintains its
advantage even under high passenger loads, with reduced performance degradation compared to the Normal
Algorithm.

Distribution Insights
Distribution plots, including violin and box plots, showed that the Smart Algorithm has a tighter, more concentrated
range of travel times, indicating greater consistency and fewer outliers than the Normal Algorithm.
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5. CONCLUSION

The analysis demonstrates that the Smart Algorithm consistently outperforms the Normal Algorithm across all key
performance indicators. It achieves lower travel and waiting times, reduces unnecessary stops, and improves overall
trip efficiency. These advantages remain evident even as passenger demand increases. Additionally, distribution
visualizations confirm that the Smart Algorithm delivers more consistent and reliable performance, making it a more
effective approach for managing elevator operations under varying conditions.

VII. Advantages and Disadvantages of Each Algorithm:

e Normal Algorithm:
o Advantages: Simple, widely used, and predictable.
o Disadvantages: Makes unnecessary stops, leading to increased waiting times.
e Smart Algorithm with Sensing Device:
o Advantages: Reduces unnecessary stops, more efficient for high-traffic scenarios.
o Disadvantages: Higher complexity, potential issues if sensors fail.
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