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Abstract 
Riding the elevator is perhaps the least memorable part of the 
daily commute.  This is because elevators are almost always 
available and easy to use.  The fact that passengers usually 
wait less than a minute for the elevator is a result of careful 
planning, expert design, and extensive simulations—long 
before the building itself is even constructed. 

Over the years, there have been many advancements to 
elevator control technology (e.g., traffic-sensitive 6-program 
dispatching, computerized dispatching, dynamic sectoring, 
adaptive hall call allocation, etc.). Perhaps the biggest leap 
forward in elevator technology came with the introduction of 
“Destination Dispatch” systems, which improve elevator 
efficiency by grouping passengers going to the same 
destination in the same elevator.  While these systems excel 
at grouping passengers in the lobby, some studies suggest 
that they offer no efficiency increase for traffic between floors 
or for occupants leaving the building. 

Over the past 20 years, a pattern in the scientific literature on 
elevator traffic analysis has emerged—that accurate, real-time 
people counting in the elevator is needed to enhance elevator 
dispatch, efficiency, and traffic analysis.  With advancements 
in artificial intelligence hardware and software in the past two 
years, real-time occupancy sensing in the elevator is now 
possible.  In this paper, we explain how the maintenance and 
study of elevator systems stand to benefit from occupancy 
sensing technology, and how occupancy sensing may lead to 
smarter elevator controllers in the future.  And as the 
COVID-19 pandemic threatens to limit elevator occupancy 
and handicap elevator throughput for the foreseeable future, 
we show why this technology will be essential to redensifying 
buildings safely—without overcrowding the elevator. 
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Background 
Before the invention of the safety elevator in 1853, few office buildings exceeded 

five stories.1  By the late 19th century, the rising cost of real estate in urban centers such 
as Manhattan and the Chicago Loop had begun to drive businesses to move out of 
downtown business districts.2  This combination of technological and economic factors 
drove the upward expansion of buildings, leading to the modern city. Without the elevator, 
cities as we know them would not be possible. 

Today, nearly two-thirds of Americans live in cities3, and the average height of 
newly built skyscrapers in the United States is over 875 feet.4  There are about 900,000 
elevators in operation in the United States which collectively make 18 billion trips 
amounting to 1.36 billion miles traveled every year.5  On average, each elevator carries 
20,000 persons per year6, meaning that elevators move the equivalent of the U.S. 
population every week. 

Despite the staggering number of people moved by elevators, the study of 
elevators still relies on manual labor, and the control of elevators is based on and 
antiquated technologies.  While large technology companies are building completely 
autonomous vehicles using modern artificial intelligence (AI), studying elevators still 
requires a person sitting in the elevator counting passengers coming in and out.  And 
while new hardware has come onto the market in recent years that makes advanced 
computer vision accessible and affordable, elevator controllers do not take into account 
how many people are riding them when making dispatching decisions. 

The current state-of-the-art for elevator control—known as “destination dispatch”—
was first introduced in 1992 by Schindler Elevator7, which assigns passengers to specific 
elevators in an attempt to more efficiently deliver them to their respective destinations.  
However, while destination systems improve elevator efficiency during the morning rush 
hour or “up peak” period, these systems have the same (or even worse)8 performance 
during the mid-day “lunch peak” and evening “down peak” periods.  

Historically, the lunchtime interfloor traffic and the evening rush have been 
considered to be less demanding on the elevator system than the morning rush.9  
However, this assumption is premised on surveys conducted when elevators were 
allowed to be packed to their rated weight limit—with an elevator picking up over a 
dozen10 persons to deliver to the ground floor at the end of the day.  Now, elevator 
capacity is being limited to 4 or fewer persons in most buildings across the country.  In 
this paper, we explain why this capacity limit threatens to handicap building 
redensification, and show how recent advancements in occupancy sensing technology 
will play a vital role in the future of elevator operation, management, safety, and design. 

  Abacus Copyright © 2020 Abacus Sensor, Inc.



Page  of 5 15

Elevator Traffic Analysis: A Primer 
The process of designing and analyzing elevators is complex, often involving some 

combination of manual calculation, simulation, and observation of existing buildings.11  
Ultimately, the goal of these analyses is to design a vertical transportation system that 
can efficiently move passengers through a building during the peak periods of the day, 
without significant delays.  This is because tenants expect elevators to be available at all 
times of the day, without interrupting their day.  Elevator traffic analyses are also used to 
assess the adequacy of elevator systems that experience congestion as building 
occupancy changes over time.  It is therefore recommended to periodically conduct 
traffic analyses to assess the performance of a building’s elevator system and determine 
whether remedial action is needed.12 

How Elevator Systems are Measured 

Two key factors are considered when evaluating elevator systems: the quantity of 
service, and the quality of service.13  The quantity of service—which is sometimes 
referred to as the handling capacity of the elevator—describes the percentage of a 
building population that can be moved through the elevators for a 5-minute period.  The 
quality of service—sometimes called the interval—is often represented by the average 
passenger waiting time (AWT).  Table 1 describes the typical handling capacity and 
interval targets for different building types.14  

One key factor in determining elevator handling capacity and wait times is the 
average number of probable stops, or S, that the elevator makes per round trip.  For each 
stop, an elevator must slow down, level, open the door, load and unload passengers, 
close, and accelerate—the aggregate of these durations being called the performance 
time, or T.  These two variables have a substantial impact on the handling capacity and 
average wait time for an elevator system. 
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Building Type Handling Capacity 
(% Population / 5 min) Recommended interval (s)

Office 12 ≤ 30

Hotel 12 ≤ 60

Residential 6 ≤ 60

Table 1: Typical Design Criteria for Different Building Types
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Elevator designers and consultants typically evaluate these key variables at the 
three critical periods of the day—morning (up peak), lunch (two-way peak), and evening 
(down peak).  Although the morning up peak has historically been considered the period 
during which commercial buildings experience the greatest elevator demand, increasing 
adoption of flexible work schedules and the rise of flexible workspaces has reduced the 
intensity of the morning up peak and increased the amount of interfloor and downward 
traffic.15  In office buildings, outgoing traffic at close of business can overwhelm an 
elevator system, sometimes exceeding other peak periods of traffic by 40 or 50%.16  
Because of this, the leading authorities in elevator design agree that an elevator system 
must have “a reliable means to prevent an elevator filled to capacity from responding to 
landing calls.”17 

Avoiding Saturation 

It is a common misconception that waiting time increases linearly with passenger 
demand.  For instance, if the average waiting time were 20 seconds when moving 8% of a 
building’s population every 5 minutes, then it would be logical to assume that the waiting 
time would increase to 40 seconds when moving 16% of the population in 5 minutes.  
However, as experience and simulation shows, this assumption would be incorrect. 
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As shown in Figure 1,18 the relationship between passenger demand (i.e., handling 
capacity) and average waiting time (i.e., interval) is not linear.  A major contributing cause 
of this non-linearity is a significantly increased number of intermediate stops (i.e., 
increased S) and passenger queuing.  In other words, an overloaded elevator will make 
many more probable stops per round trip, many of which are unnecessary after the 
elevator is fully occupied.  As a result, when passenger demand exceeds an upper 
threshold, the elevator system reaches saturation—the point at which a passenger may 
wait many minutes, or even hours, for an elevator.19  Significantly, as shown by the dashed 
line in Figure 1, this saturation point drastically shifts when limiting elevator occupancy in 
compliance with CDC health guidelines20 because elevators carry fewer passengers and 
make many unnecessary intermediate stops to pick up additional passengers—even 
when the elevator is already at capacity. 

With saturation in mind, elevators are specifically designed to avoid saturation and 
the long lines that follow.  The size of the elevator, speed of the motor, type of controller, 
and other aspects are carefully selected to ensure that significant elevator logjams never 
happen.  But as buildings seek to limit liability and accommodate health conscious 
tenants both during and after the COVID-19 pandemic by limiting elevator occupancy, the 
saturation point for most buildings remains unknown. 

Accurate Analysis Requires Actual Passenger Counts 

Elevator traffic studies are performed to evaluate an elevator system’s 
performance.  Typically, these studies involve manually surveying the elevator to identify 
issues with the system, such as an excess number of wasted or unnecessary stops.21  
Although electronic devices can assist in traffic studies, experts consider these devices to 
be of limited value because they do not measure the number of passengers moving 
through the elevator system.22  For this reason, most surveys are conducted using a team 
of observers to count the number of passengers transported through an elevator 
system.23  Although this method is costly, the data it yields from just a few days of 
observation is considered necessary to mitigate the risk of long lines, overcrowded 
elevators, and intolerably long passenger journey times.24 

A variety of solutions have attempted to automatically measure or estimate actual 
passenger counts through elevator systems to varying degrees of success.  Electronic 
traffic analyzers can be coupled to hall call stations and log when the button is pressed, 
and when the elevator arrives in response to the hall call.  However, these analyzers rarely 
provide accurate passenger counts because one button press can correspond to an 
entire carload of passengers.25  Destination dispatch systems purport to offer passenger 
data collection features, based on the assumption that each passenger registers their 
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own hall call separately.  But this assumption has been shown to be invalid, as 
passengers often travel in groups and only one of those passengers registers a single hall 
call.26  In addition, infrared-based people counting systems have been shown to have a 
high degree of accuracy at counting individual persons passing across a beam in a single 
file line.  Even so, such counting systems fail to describe complete traffic flows, as the 
ultimate passenger destinations are unknown.27   

Given the deficiencies of the existing automatic passenger tracking systems, 
manual traffic surveys remain the de facto method for elevator traffic studies. 

The Current Limitations of Elevator Control 
Elevator dispatching refers to the act of selecting an elevator from a group to 

service a hall call.  For example, with a bank of six elevators, which elevator should 
respond to a down button press on the 15th floor?  In some systems, the nearest elevator 
is assigned to pick up that waiting passenger.  In more sophisticated systems, an 
estimated time of arrival (ETA) algorithm instructs the elevator with the shortest ETA to 
respond to the hall call.  And in destination dispatch systems, a proprietary algorithm 
performs an optimization calculation based on all of the registered calls in the system 
and selects the elevator based on the result of that optimization.   

While each of these systems has its own strengths and weaknesses, all of them 
share a common limitation: the systems do not accurately know how many people are in 
each elevator.  To understand how this limitation negatively affects elevator control, 
consider the following scenarios. 

Scenario 1:  Two Cars, One Full (Two-Button System) 
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In Scenario 1, two elevators are traveling downward.  One is carrying a single 
passenger and is at the 9th floor, while the other is carrying four passengers and is in 
between the 8th and 9th floors.  A passenger on the 6th floor presses the down hall call 
button.  Most two-button dispatchers would select the closer elevator to respond to the 
6th floor hall call, as it is both closer in distance and time compared to the other elevator. 

Practically speaking, it would make more sense to have the less full elevator 
respond to the hall call.  It is likely that the passengers in the more full elevator have 
already experienced more intermediate stops, and thus have experienced a longer and 
more frustrating journey.  On the whole, the passenger experience could be improved by 
allocating elevators with more room to respond to hall calls—or at least balance elevator 
occupancy against other factors, such as distance and ETA for each elevator. 

More significantly, Scenario 1 illustrates how elevator systems are wholly 
unprepared for the new normal emerging in the wake of the COVID-19 pandemic.  
Without occupancy sensing, the events of Scenario 1 unfold as follows: 

1) The elevator with four passengers stops at the 6th floor 
2) The doors open and the person sees that the elevator has four passengers 
3) Respecting the four-person occupancy limit, the person does not enter the 

elevator 
4) During steps (1)–(3), the elevator with a single passenger travels past the 6th 

floor without stopping 
5) The doors of the elevator with four passengers closes and resumes moving 

downward 

Not only does the four-passenger elevator make an unnecessary intermediate 
stop, but an elevator that could have picked up the waiting person passes right by without 
stopping.  During peak periods of the day, the likelihood of these intermediate stops 
increases.  But when limiting elevator occupancy, many of these intermediate stops will 
be wasted, as an elevator that is already full will not be able to carry additional 
passengers.  The net result is a large number of probable stops per round trip, but a 
significantly reduced handling capacity—leading to a saturation point at a far lower 
passenger arrival rate than before the pandemic. 

Even without conducting a traffic analysis in a building, it is highly likely that this 
reduced saturation point means that buildings must take remedial action to reduce peak 
demand on its elevator system—such as reducing building occupancy, staggering arrival 
and departure times of its tenants, or by adopting technology that prevents time-
consuming unnecessary stops from ever occurring—if they wish to avoid long lines and 
unacceptable wait times for the elevator. 
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Scenario 2:  Two Cars, One Full (Destination Dispatch) 

Destination dispatch systems are designed to work optimally when every 
individual passenger registers his or her own hall call—even if multiple passengers are 
going to the same destination.  Scenario 2 illustrates how normal human behavior 
undermines this design and leads to poor performance.  

On the 9th floor, two persons each register their own hall call to the ground floor, so 
the system correctly assumes that there are two persons waiting.  However, on the 8th 
floor, one persons registers a hall call to the ground floor, and three other passengers 
arrive after that call is made before the elevator arrives.  Here, the destination dispatch 
system incorrectly assumes that the car on the 8th floor will be loaded with one 
passenger, even though four enter the elevator.  Thus, when determining which elevator 
should respond to the hall call on the 6th floor, the system mistakenly believes that the car 
with four passengers only has a single occupant, and directs that car to stop on the 6th 

floor. 

  Abacus Copyright © 2020 Abacus Sensor, Inc.

9

8

7

6

9

8

7

6

Figure 3:  Destination Dispatch Without Occupancy Sensing

9

8

7

6

2 calls 
2 persons

1 call 
4 persons

1 call 
1 person

2 calls

1 call

9

8

7

6

x



Page  of 11 15

Scenario 2 illustrates how even modern destination dispatch systems are 
unprepared to efficiently and safely allocate elevators in the post-pandemic world.  Just 
like Scenario 1, an elevator that is already full makes an unnecessary stop to pick up an 
additional passenger, while another elevator with room for that additional passengers 
passes by without stopping.   

Even worse, this scenario arises from expected behavior.  How often have you 
walked to the elevators to exit a building and found that someone else has already called 
the elevator?  This problem is exponentially worsened as people social distance near 
elevators, as only the person at the front of the line calls the elevator.  In other words, 
the very prerequisite to destination dispatch’s claimed efficiency gain is compromised.  
While destination dispatch systems ideally allocate passengers to elevators more 
efficiently, these ideal conditions rarely occur due to expected behaviors and social 
distancing. 

Without knowing the actual occupancy in each elevator, destination dispatch 
systems are prone to making unnecessary stops and poor dispatch decisions—making 
them just as ill-equipped to efficiently move people through a building as their two-button 
counterpart.  
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Figure 4:  A Typical Socially-Distant Line for the Elevator
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Occupancy Sensing and the Future of the Elevator 
In the past few years, advances in artificial intelligence (AI) have made state-of-the-

art occupancy sensing technology possible to achieve on edge devices deployed in the 
field.  Unlike cloud computing—which offloads computational tasks to remote servers—
edge computing adds intelligence to previously ordinary devices, allowing for real-time 
processing and control without the latency associated with cloud services.  And whereas 
cloud computing involves transmitting potentially sensitive information to a server, edge 
computing maximizes privacy by processing that information locally on-device. 

The edge AI revolution and emerging occupancy sensing technology enables three 
key capabilities that previously were not possible in the elevator: 

1. Accurately monitoring the flow of people through the 
building, without sacrificing privacy 

2. Making smarter real-time control and dispatch decisions 
based on in-car occupancy 

3. Enhancing building design, elevator traffic analyses, and 
simulation by collecting rich, anonymized passenger data 

More practically, occupancy sensing overcomes the limitations of existing elevator 
design.  Using occupancy sensing technology to detect the number of passengers in 
each elevator, the elevators in the Scenarios described above can make much smarter, 
safer dispatch.  In Scenario 1, the elevator with a single passenger responds to the 6th 
floor hall call, while the full elevator continues past to deliver its passengers to their 
destination.  In Scenario 2, the destination dispatch system doesn’t rely on registered hall 
calls—which does not correlate with the number of persons waiting—but instead uses the 
true in-car passenger count and dispatches the less occupied elevator to the 6th floor.  
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Conclusion 
While improvements in elevator control in recent decades have focused on 

increasing throughput during the morning rush, there is still room to improve elevator 
control when moving people during two-way and down peak traffic periods.  Critically, 
recent trends in workplace attendance are revealing that inter-floor traffic and the evening 
rush are intense periods of elevator use that demand equal consideration to avoid 
saturation events.  And with limited occupancy restrictions arising from the COVID-19 
pandemic, inter-floor and down peak traffic periods may eclipse the morning rush as 
elevators will make many more unnecessary, time-consuming stops than before the 
pandemic. 

Emerging occupancy sensing technologies will play a vital role in redensifying 
buildings both during and after the COVID-19 pandemic.  By monitoring the occupancy 
levels in each elevator in a building, only elevators that are able to pick up additional 
passengers will respond to hall calls, while full elevators will prioritize delivering the in-car 
passengers to their destination.  Perhaps most significantly, this occupancy sensing 
technology is becoming more affordable, opening up opportunities to design more 
efficient elevator systems at a lower price than current proprietary flagship systems.  

More practically, an elevator can be retrofitted in hours with state-of-the-art 
occupancy sensors that improve throughput, simplify compliance with health guidelines, 
enhance elevator safety, and constantly gather rich, anonymized passenger data—much 
like an ongoing manual traffic survey.   

To find out more about how your elevator system can be enhanced with 
occupancy sensing technology, we invite you to contact us to learn more. 
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