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Abstract

The Monte Carlo Simulation (MCS) method has been successfully applied in lift traffic systems
to evaluate a number of different parameters such as the round-trip time and the average
travelling time; and under different conditions, such as sectoring control and for multiple lift
cars running in the same shaft. Using the MCS methods is particularly effective in cases where
the number of possible combinations becomes too complicated for analytical equation-based
calculation methods to deal with.

This paper attempts to extend the applications of the MCS method in two areas: Car
capacity and drive-motor system sizing. It uses this method to compile the probability density
functions (PDF).

In the first area, MCS is used in order to compile the statistical description of the
number of passengers in the lift car whenever it departs from a floor. This is concisely
presented in the form of a PDF of the number of passengers in the car when it departs from a
floor. Such a PDF can be used to make judicious decisions regarding the suitable car capacity.

The second area involves using the same data in order to compile a load profile of the
number of passengers inside the lift car when it stops at a certain floor and when it departs from
the that floor, along with the probability of the lift car stopping at that floor. This provides a
strong input to simulate the drive-motor system and evaluate the temperature rise in the
windings and the power electronic devices.

A numerical example is given for a single lift car to illustrate the application of the
method.

1. INTRODUCTION

The Monte Carlo Simulation method has been successfully used in a number of applications in
lift traffic analysis and design, such as the evaluation of the round-trip time under conventional
group control [1], the average travelling time [2], evaluating the round-trip time for double
decker lifts [3], evaluating the round-trip time under sectored group control [4, 5], in multi-car
lift systems [6] and other applications [7, 8]. The MCS method is effectively one of the
calculation methods employed in lift traffic engineering.

At the heart of the MCS method is the generation of representative passenger traffic
that reflects the prevailing traffic in the building. The prevailing traffic conditions are one of
the most important elements of lift traffic demand [9].

Based on the expected mix of traffic, the so-called origin-destination (OD) matrix can
be developed that concisely describes the probability of a passenger travelling from one floor
in the building to another floor. Well established procedures have been developed that allow
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the compilation of an OD matrix from the floor population percentages, the entrance bias and
the mix of prevailing traffic [10, 11]. A more generalised procedure that allows any floor to
simultaneously be an entrance floor and an occupant floor has been recently published [12].
Research has also been carried out on the reverse procedure (i.e., estimating the traffic mix
from the lift movements resulting from passenger origin-destination pairs) as shown in [13, 14,
15, 16].

The most important application of the OD matrix is in the random generation of
passenger origin-destination pairs within simulation software packages or for the purposes of
MCS. The full procedure is clearly documented in [17] as an integrated framework. When
using the MCS methods to simulate a full round-trip, a number of passengers, denoted as P
passengers, are generated (denoted as Pgen). Generating a passenger in this context involves
finding the origin-destination pair for that passenger.

It is also possible to generate random arrival times for passengers (i.e., generating
passengers in time) assuming a Poisson passenger arrival process [18]. However, this is
beyond the scope of this paper. Potentially, this could further affect that probability density
function (PDF) as the additional randomness of the arrival time of the passengers is considered
(i.e., too many passengers arriving in a period of time, or too few).

In this paper, the MCS method is used in order to develop a detailed description of the
car-load in the lift car at every start or within the whole round-trip under conventional group
control but assuming general traffic conditions. As the car-load is a random variable
(especially under general traffic conditions) then it is best described as a probability density
function (PDF). The advantage of describing the car-load in the car in consecutive round-trips,
using a PDF, is that it is possible to understand the scatter of the values of the car load in units
of passengers and then make an informed decision on the car capacity (CC).

A similar comment can be made regarding the sizing of the drive system. A detailed
understanding of the load inside the car at different positions in the shaft, can help the designer
make an informed assessment of the temperature of the electrical drive system and the traction
motor.

When the prevailing traffic is incoming traffic (e.g., 100% incoming traffic), the car-
load is obviously equal to the number of generated passengers in a round-trip (Pgen). However,
under general traffic conditions, the prevailing traffic could be any mixture of incoming traffic,
outgoing traffic, inter-floor traffic and even inter-entrance traffic. Under these conditions, the
effective car-load would be smaller than the number of generated passenger (Pgen) and this
presents an opportunity to increase the handling capacity of the lift system.

It is worth noting that the definition of the type of traffic as incoming, outgoing, inter-
floor or inter-entrance assumes that any floor can be classified as either an entrance/exit floor
or an occupant floor, although the procedure followed in this paper has made the simplifying
assumption that any floor is either an occupant floor or an entrance/exit floor.

Section 2 discusses the motivation for developing this paper. The random nature of the
passenger generation process is discussed in Section 3. Section 4 reviews in detail the
procedure for preparing the cumulative distribution function (CDF) from the probability
density function (PDF) and then using it to randomly generate passenger journey origin-
destination pairs. A detailed numerical scenario is analysed in Section 5. Section 6 contains
some PDF results for the car loading and the drive loading at different floors (up and down).
Conclusions are drawn in Section 7.

2. MOTIVATION FOR THIS PAPER

It has been noted that the car capacity is not fully exploited when the traffic is not fully
incoming or not fully outgoing. A good example of this problem can be seen under the
following conditions: The maximum car capacity is 8 persons, the traffic is 50% incoming and
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50% outgoing, and 8 passengers are generated per round-trip. Under these conditions, on
average, 4 passengers travel in the up direction and 4 passengers travel in the down direction.

It is recognised that as the traffic mix becomes more balanced between incoming traffic
and outgoing traffic, an opportunity exists to exploit this balance by increasing the number of
passengers generated in one round-trip

The question that this exercise answers is formulated below:

“When the traffic in the building is not purely incoming or purely outgoing, but a mix of
different modes (i.e., incoming, outgoing, inter-floor, inter-entrance), what is the effective car
load in a consecutive round-trip, and the effective car load every time it starts and what is the
car load inside the car at different positions in the shaft?”

Answering the first part of the question helps the designer decide on the suitable car capacity
for a certain mix of traffic. Ultimately, it could allow the designer to keep the car capacity at
its value but scientifically deal with larger handling capacities under balanced mixes of traffic.

3. AN IMPORTANT NOTE ON THE RANDOM NATURE OF THE PASSENGER
GENERATION PROCESS

When expressing the car-load, the term ‘on average’ is used here, because the passenger
generation process is truly random. For example, if 8 passengers are to be generated in one
round trip and the traffic is exactly balanced between incoming traffic and outgoing traffic, the
8 passengers are generated randomly, and it could be that 5 of them are incoming passengers
and 3 of them are outgoing passengers in one round trip. Under certain rare round-trip
scenarios, the random generation of passengers could result in 7 incoming passengers and one
outgoing passenger, or even (in rare cases) 8 incoming passengers and no outgoing passengers
or 8 outgoing passengers and no incoming passengers.

However, after generating a very large number of round-trip passengers, the average of
the number of incoming passengers will approach 4 passengers and the number of outgoing
passengers will also approach 4 passengers.

This random generation of passenger origins and destinations ensures that the final
value of the round-trip time is a faithful representation of the true value for the round-trip time
as it better represents the real-life conditions of random passenger movements. The value of
the round-trip time obtained at the end represents all of the possible combination, and more
importantly, in the correct ratio.

4. GENERATING THE PASSENGER ORIGIN-DESTINATION PAIRS FROM THE
CDF

As discussed in Section 1, the passenger origin-destination pairs should be representative of
the traffic in the building. This is done in accordance with a systematic methodology that uses
the origin-destination (OD) matrix. The systematic method involves the following steps:

1. Obtaining the nature of the floors in the building as follows:

a) Whether a floor is an occupant floor, an exit/entrance floor or both.

b) The percentage of passenger arrivals/departures from an entrance/exit floors
(sometimes referred to as “entrance bias”).

c) The ratio of the populations of the occupant floor (the actual number is not
required; simply the relative strength).
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Origin
Floors

d) The mix of traffic, expressed as percentages of decimal fractions adding up to
1, as follows: incoming traffic, outgoing traffic, inter-floor traffic and inter-
entrance traffic.

Building the OD matrix.

Converting the origin-destination from a PDF to a CDF by integration. An example of
a CDF for the building used as an example in this paper is shown in Figure 1. This
building has 8 occupant floors with equal populations and 2 entrance floors with ratio
of 30%:70% for the basement and the ground respectively. The traffic mix is
representative of lunchtime traffic (45% incoming: 45% outgoing: 10% inter-floor).

Destination Floors

Ground 1st 2nd 3rd 4th 5th 6th 7th 8th

Basement| 0.00000 | 0.00000 | 0.01688 | 0.03375 | 0.05063 | 0.06750 | 0.08438 | 0.10125 | 0.11813 | 0.13500

Ground | 0.13500 | 0.13500 | 0.17438 | 0.21375 | 0.25313 | 0.29250 | 0.33188 | 0.37125 | 0.41063 | 0.45000

1st 0.46688 | 0.50625 | 0.50625 | 0.50804 | 0.50982 | 0.51161 | 0.51339 | 0.51518 | 0.51696 | 0.51875

2nd 0.53563 | 0.57500 | 0.57679 | 0.57679 | 0.57857 | 0.58036 | 0.58214 | 0.58393 | 0.58571 | 0.58750

3rd 0.60438 | 0.64375 | 0.64554 | 0.64732 | 0.64732 | 0.64911 | 0.65089 | 0.65268 | 0.65446 | 0.65625

4th 0.67313 | 0.71250 | 0.71429 | 0.71607 | 0.71786 | 0.71786 | 0.71964 | 0.72143 | 0.72321 | 0.72500

5th 0.74188 | 0.78125 | 0.78304 | 0.78482 | 0.78661 | 0.78839 | 0.78839 | 0.79018 | 0.79196 | 0.79375

6th 0.81063 | 0.85000 | 0.85179 | 0.85357 | 0.85536 | 0.85714 | 0.85893 | 0.85893 | 0.86071 | 0.86250

7th 0.87938 | 0.91875 | 0.92054 | 0.92232 | 0.92411 | 0.92589 | 0.92768 | 0.92946 | 0.92946 | 0.93125

8th 0.94813 | 0.98750 | 0.98929 | 0.99107 | 0.99286 | 0.99464 | 0.99643 | 0.99821 | 1.00000 | 1.00000

Figure 1: Cumulative Distribution Function (CDF) for the passenger origin-destination

10.

pairs.

Carrying out random sampling in order to generate the origin-destination pairs. The
random sampling consists of generating uniformly distributed random numbers
between 0 and 1 and applying them to the CDF produced in the previous step (shown
in Figure 1).

Sorting the origins and destinations into the up-part of the round-trip and the down-part
of the round-trip.

Finding the stops during the round-trip.

Calculating the number of passengers in the lift car when it departs from the floor at
which a stop occurred. This number represents the load inside the lift car.

The largest number of passengers inside the car during the round-trip will be taken as
representative of the maximum car-load for a round-trip. This value is stored in an
array. In addition, a note is taken of all the values of the numbers of passengers inside
the car when it started at each floor.

Steps 4 to 8 are repeated for a large number of times (the number of trials in the Monte
Carlo Simulation, e.g., 10,000 trials).

The values of the car loading from each of the ‘n’ trials are then analysed in order to
produce a PDF for the maximum car loading in a round-trip, the load in the car when it
starts at each floor.
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It is worth noting that when looking at the number of passengers inside the car, the
assumption is that passengers inside the car will alight first and then waiting passengers at
the landing will board. This is more representative of reality. By taking the number of
passengers inside the car, when it departs from a floor at which a stop occurred (as suggested
in point 7 above), ensures that this is the case.

5. NUMERICAL EXAMPLES/SCENARIOS

As an example, on the above, taking a lift with a car capacity of 9 passengers and assuming
that the passengers will be willing to fill it up with 9 passengers where possible. It will be
insightful to examine the following two different cases:

The first case is pure incoming traffic (i.e., 100% incoming traffic: 0% outgoing traffic: 0%
inter-floor traffic). As the building has two contiguous entrances, then the 9 passengers will
originate at one of the two entrance floors (basement and ground in this case). Thus, as the lift
car departs from the ground floor, it will have 9 passengers on board, regardless of the origins
or destinations of the passengers. Therefore the lift car will fill up to its maximum capacity in
every round-trip. There is nothing to be gained from analysing the various random scenarios,
as the car will fill up with 9 passengers in every round-trip.

An alternative scenario is where the traffic in the building is mixed (e.g., lunchtime traffic:
45% incoming: 45% outgoing: 10% inter-floor). In this case, the maximum load in the car will
vary from one round-trip to the next and will rarely attain the value of 9 passengers.

Table 1: The origins and destinations of the 9 passengers.

Passenger # Origin floor | Destination floor Type of Passenger
P1 3 2 Inter-floor
P2 G 5 Incoming
P3 B 3 Incoming
P4 8 6 Inter-floor
P5 7 G Outgoing
P6 1 7 Inter-floor
P7 4 B Outgoing
P8 G 5 Incoming
P9 5 8 Inter-floor

As can be seen in the table, there are 4 inter-floor passengers, 2 outgoing passengers and 3
incoming passengers. The full journey is now analysed in terms of stops and passengers in the
car throughout the round-trip as shown in Table 2.
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Table 2: Analysis of one full round-trip to obtain car loading.

Segments of the Passengers in the Passengers Passengers
journey car boarding alighting

Stopped at B 1 0
BtoG 1

Stopped at G 2 0
Gtol 3

Stopped at 1 1 0
1to3 4

Stopped at 3 0 1
3t05 3

Stopped at 5 1 2
5to7 2

Stopped at 7 0 1
7t08 1

Stopped at 8 1 1
8to7 1

Stopped at 7 1 0
7106 2

Stopped at 6 0 1
6to4 1

Stopped at 4 1 0
4t03 2

Stopped at 3 1 0
3to2 3

Stopped at 2 0 1
210G 2

Stopped at G 0 1
GtoB 1

Stopped at B 0 1

The same round-trip analysis is also shown in a diagrammatic format in Figure 2.
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Figure 2: Diagrammatic representation of one round-trip.

When examining the load inside the car at the moment it starts at every stop, there are cases
when the car starts with zero passengers inside. The probability density function for the number
of passengers inside the car when it starts could either include 0, 1, 2, 3.... passengersor 1, 2,
3, .... passengers. It has been decided to exclude the case where there are no passengers inside
the car, as this does not contain any meaningful data. Thus, the probability density function
has random variable values running from 1 to P (and does not include 0).

6. RESULTS
In this section, a sample of the results that are obtained from the MATLAB software are
reviewed.

A sample building that has 8 occupant floors above ground and two entrance floors
(basement, ground) is used. It is assumed that the occupant floors have equal populations. It is
worth noting that the software does not require the actual floor population; it simply needs the
ratio of the floor populations. The software also needs the entrance bias for the two entrance
floors (in this case assumed to be 30%:70% for the basement passenger arrival rates). The
traffic mix is assumed to be a typical lunchtime traffic (45% incoming: 45% outgoing: 10%
inter-floor).

The Monte Carlo Simulation was run for 1000 trials, with 8 passengers generated in
each round-trip. The number of passengers in the car at every start at each floor was recorded
to be later processed. The data was then processed to produce the following:

e The number of passengers inside the car when it starts. This was then converted to a
probability density function (PDF). The resulting PDF is shown in Figure 3.

e The maximum number of passengers in the car during a round-trip. This was then
converted to a PDF. The resulting PDF is shown in Figure 4.
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e The number of passengers inside the car when it starts at each floor.

o A distinction is made between the start at a floor in the up direction and the
down direction. This is compiled into an average load inside the car when it
starts in a certain direction. This is shown in a tabular format in Figure 5. It is
worth noting that the four cells highlighted in yellow have zero values in them.
As expected, the car cannot start at the topmost floor when travelling in the up
direction, and it cannot stop at the lowest-most floor when travelling in the up
direction. A similar argument applies when travelling in the down direction.

Probability Distribution Function for the Number of Passengers in the Car at Every Start
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Figure 3: The PDF results for the number of passengers inside the car at every start, in
units of passengers and at a lunchtime traffic (45% incoming: 45% outgoing: 10%
inter-floor).

Maximum Number of Passengers in the Car in Each Round Trip
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Figure 4: The PDF results for the maximum car-load for 8 generated passengers in a
round-trip and lunchtime traffic (45% incoming: 45% outgoing: 10% inter-floor).
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- Load in the | Load in the Load in the .
Probability - Load in the car
A car when car when Probability car when .
stopping at . X . . when stopping
L X .| starting at | stopping at L stopping at | starting at .
Direction Floor |this floorin ) i Direction Floor i . X at this floor
this this floor this floor this floor in this floor (units of
. ., (units of (units of this direction (units of
direction passengers)
passengers) | passengers) passengers)
8 41.3% 0.00 0.52 8 46.8% 0.58 0.00
7 43.0% 0.20 0.72 7 42.6% 0.76 0.23
6 42.7% 0.42 0.93 6 42.2% 0.95 0.47
5 43.5% 0.63 1.08 5 43.8% 1.10 0.64
Up 4 44.0% 0.82 1.23 Down 4 42.6% 1.25 0.81
direction 3 42.4% 0.95 1.37 direction 3 43.1% 1.38 1.00
2 44.2% 1.21 1.57 2 44.7% 1.61 1.23
1 43.9% 1.36 1.73 1 42.9% 1.70 1.36
Ground 94.3% 3.46 0.99 Ground 95.0% 1.01 3.54
Basement 67.1% 1.09 0.00 Basement 69.5% 0.00 1.08

Figure 5: The Drive Load results for 8 passengers in a round-trip and lunchtime traffic
(45% incoming: 45% outgoing traffic: 10% inter-floor traffic).

7. CONCLUSIONS

The Monte Carlo Simulation method has been successfully used in order to extract the load
inside the car when it started at each floor and the maximum car-load in the lift car under
general traffic conditions. This relied heavily on the origin-destination matrix probability
density function (PDF) which was converted into a cumulative distribution function (CDF) and
then used to randomly sample passenger origin-destination pairs.

Over a large number of Monte Carlo Simulations, the values of the car-load at each
start was stored. The values were then processed to obtain the car-load when it starts, the
maximum car-load in a round-trip and the average car-load at each floor in both directions.
The results were then compiled into appropriate PDFs and an average load in the car at each
floor table.

The results can be used to assess the suitable car capacity under mixed traffic
conditions. They can also be used to simulate and model the thermal performance of the drive
system and the traction motor.
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