REAL TIME SIMULATION OF ELEVATORS

1. INTRODUCTION

The principal transportation system in a highrise
building is the elevator system. The performance
of the system as perceived by the passengers can
be measured by the time spent waiting for a car

and smoothness of the ride. In turn, the waiting

" time is a very complex function of many variables:
number of cars, car speed, number of floors served,
passenger traffic, elevator dispatching strategy,
etc. This paper discusses a recently developed
minicomputer simulator, ELSIM, which simulates
passenger traffic and the service rendered by a
bank of elevators. This simulator uses a realis-
tic mathematical model for passenger traffic within
real-time minicomputer software and a display panel
to produce a valuable tool for evaluating new el-
evator installations and modifications to existing
systems.

The importance of a simulator to an elevator man~
ufacturer lies in the desire to provide the optimum
elevator configuration for each installation. This
optimization process is made exceedingly complicat-~
ed by the fact that passenger traffic varies from
building to building. A multi-tenant office build-
ing, for example, will have a significant amount of
in-and-~out traffic, with very few people going from
one upper floor to another (termed “interfloor
traffic"). A single-occupant building on the other
hand, will have extremely large traffic peaks at
rush hours and will see a large amount of inter-
floor traffic. Even within a single building,
traffic conditions vary continuously from morning
up-peak to balanced off-peak to heavy two-way
traffic at lunch time to evening down-peak.
Considering these extreme cases along with such
special building features as a cafeteria floor,
convention f£loors and observatories, the elevator
planner has found it necessary to treat each new or
modified elevator imstallation individually, EI-
evators are expensive, and once a building is con-
structed, it is almost prohibitively expensive to
add more cars. The ELSIM simulator is a tool that
can be used to optimize the initial system config-
uration.

This paper indicates how the ELSIM simulator is
applied to evaluate a proposed elevator system. A
detailed description of the mathematical model for
passenger generation and a general description of
the minicomputer software are also given.
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2. OVERVIEW OF THE SIMULATOR

The responsibility of providing good elevator serv-
ice to an arriving stream of passengers is that of
a supervisory dispatching strategy. Its logic
monitors all incoming calls, determines the status
and locations of the cars and then assigns cars to
calls. Since passenger demand contains a degree of
random variability, realistically estimating pas-
senger walting time requires techniques other than
table look-up and analytical formulas for average
conditions. Computer simulation provides a conven-
ient way to study the complex interaction of pas-

- senger traffic and the dispatching strategy.

A key portion of the ELSIM system is the interactive
display control panel, which shows the status of all
elevators, car calls and unanswered corridor calls.
Using logic from a computerized dispatcher and
driven by a minicomputer, the panel displays cor-
ridor and car calls as well as status for each el-
evator, The panel may be operated either locally
in conjunction with the dispatcher/minicomputer
portion of the system or remotely via direct-dial
phone line. This feature permits elevator consult-
ants and building architects to use the panel for
evaluating the performance of proposed elevator
systems from their own offices with only a phone
line connection to the simulation logic.

The ELSIM simulator is used in three distinct ways:
(i) estimating performance for new or modified el-
evator installations, (ii) improving dispatcher
strategy and (iii) verification of production soft-
ware. In the process of evaluating proposed el-
evator installations, the user will specify all
system parameters (number and speed of cars, number
of floors, general traffic conditions, ete.) and
make a simulation run. A simulated stream of pas—
sengers 1s generated, and the resultant corridor-
call lights are indicated on the panel. The status
and motion of the cars in response to the passenger
demands can be seen on the panel's column of lights.
At the end of the run, waiting time statistics are
printed on the terminal device. Usually, several
distinct traffic periods (e.g., morning, noon,
evening rush hour) are run, and the results eval-
uated. Also, sensitivity studies are done in which
the effect of, say, one car out of service or a sud-
den surge in traffic intensity could be estimated.
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Elevator Simulation (continued)

Over the past 25 years, elevator control has gone
from cars controlled manually by attendants and
dispatched from the lobby by a '"dispatcher" to
electronic car controllers and sophisticated elec-
tronic dispatchers. The most recent systems have
solid-state car controllers and computerized su-
pervisory dispatching controllers. The process of
improving the dispatching strategy is not strafght-
forward. It is done by an experienced elevator
engineer who has an intimate knowledge of the )
strategy and can recognize when improvements can be
made by observing the lights on the panel. .

The ELSIM simulator goes a step beyond the tradi-
tional event-based digital simulation program. In
general, we are faced with the task of verifying
the accuracy of simulated control algorithms by
displaying the simulated responses in a manner .such
that those familiar with the actual system may
quickly and surely interpret the results. Tradi-
tional digital simulatiof uses a special purpose
simulation language and provides a printout of the
performance of the simulated system. The section
of code that contains the dispatcher strategy is
usually complex and difficult to change. "~ With
ELSIM, the user can observé the real-time dynamic
motion of the elevators in response to both automat-
ically generated passenger traffic and manually
inserted calls, and the summary of waiting-time
statistics are printed out. Also, the elevator
dispatcher used in the simulator is a production
line version that could be used for real-time
control in an actual building. Because of these
features, the ELSIM system has gained acceptance by
the ultimate user.

As shown in Figure 1, the system consists of
several subsystems: (a) minicomputer, (b) comput-
erized elevator dispatcher, (c) display panel, (d)
keyboard/printer and (e) magnetic tape unit. A
photograph of .the entire system is shown in Figure
2, which appears at the end of this paper.

A general description of the elevator simulator
includes the following list of functional objec~
tives:

(a) accept commands issued by the dispatcher

(b) generate responses to those commands

{¢) display the results on an interactive 1/0
panel

(d) accept corridor and car calls entered
manually on the panel

(e) automatically generate realistic patterns of
corridor and car calls corresponding to the
demand period of interest

(£) provide a measure of the system's performance
by compiling waiting time statistics

(g) enable the user to specify the pertinent
parameters used to simulate car dynamics such
as ccar speed, door times, floor height, etc.

(h) permit the display panel to be operated
either locally via hard-wired connections or
remotely via standard phone line/modem
connections.
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Figure 1. General Block Diagram of
ELSIM system

3. SAMPLE SIMULATION RUN

The input to the simulator is accomplished in a
conversational mode on the terminal. Input quan-
tities include passenger traffic infermationm,
building parameters and elevator system parameters.
Traffic data includes (a) per floor pepulation, (b)
relative use of the elevators by each floor, (¢)
traffic intensity, (d) percent of passengers with
main-floor origin, (e) percent of passengers with
main-floor destination and (f) percent of inter-
floor traffic. Elevator system parameters include
number of cars, capacity of each car, car speed and
acceleration, door operation time and various as-—
pects of the dispatching strategy. Bullding param~
eters include floor-to-floor height and number of
floors served, Figure 3 shows a listing of a set
of input parameters for a hypothetlcal 14 story
building.

After the input has been entered, the uger can make
a simulation by pressing a 'RUN" control button on
the panel. As the simulated passengers register
corridor calls, the panel's call lamps will light.
As cars respond to the calls, the position of the
cars will be shown, and the call lamp will be
turned off as the call is cancelled. The pattern of
calls and car responses is shown on the panel, and
an experienced user can discern features of the
dispatcher strategy. Finally, at the end of a
simulation period (usually 15 minutes), a print—out
of the waiting times is made on the terminal. This
print-out includes average and maximum waiting time
for two classes of calls:



(1) up~calls from the main lobby and (ii) all
other calls. Also, the distribution of calls in
5 and 10 second intervals is tabulated. Figure 4
shows a sample statistics print-out corresponding
to the simulation run specified in Figure 3.
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4. DESCRIPTION OF THE SOFTWARE

Panel

In order to strengthen the analogy between elevator
cars and illuminated indicators, information is
arranged in an eight column by thirty-two row
pattern wherein the eight vertical columns rep-
resent eight cars and the thirty-two rows represent
the corresponding floor positions. As shown in the
detailed layout of Figure 5, corridor call buttons
are arranged in two (up calls, down calls) vertical
columns immediately alongside the car-columns. Two
illuminated indicators and one illuminated push-
button switch are located at each floor position
for each car. They represent location (amber light),
dispatcher assignment (green)and car-call (white),
respectively. Below each vertical column an
additional array of white, amber and red indicators/
switches is reserved for displaying additional per
car status information such as hall lanterns, load
and various indications of the operating state (In
Service, Doors Open, Up Service, etc.) The re~
maining panel buttons are arranged in several
functional groups of Control, System Timers and
Special Corridor-Call Buttons.
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Figure 5. Layout of ELSIM panel

WESTINGHOUSE ELEVATOR SIMULATOR
l+ CAR ACCEL. 04.00 FT/SECt2
2. CAR DEC. 04,00 FT/SECt2
3. MAX VEL 0500 FT/MIN
4. DOOR TIME 05.00 SEC.

5. STOP TIME 03.00 SEC.

6. MAIN FLOOR 02

7. LAST FLOOR 14

8. PASS./CAR 16

9. FT/FLOOR 12.00
EXCRPTIONS BETWEEN FLOORS

0l TO 02 0012.740 FEET
02 TO 03 0020.000 FEET
10. CAR# CANNOT SERVICE FLOORS
03] 01
02 [¢}]
03 ol

11, TRAFFIC GENERATOR PARAMETERS~LISTEDC(Y OR N)?Y
TRAFFIC GENERATOR PARAMETERS

A = 090

‘B = 00S

C = 005

D = 000

12. TRAFFIC INTENSITY = 0012.00% OF POP/5 MIN.
13. TOTAL SIMULATION TIME = 15 MIN.

14, BLDG. POPULATION
REGULAR TENANT
FLOOR POP. OMULTI DMULTI

01 0039 01.00 01.00
o2 0044 01.00 01.00
03 0041 01.00 01.00
04 0075 0i.00 0l.00
05 o027 01.00 01.00
06 0030 01.00 01.00
07 0057 01.00 01.00
08 0042 01.00 0t.00
09 0083 01.00 01.00
10 0074 01.00 0i.00
il 0057 01.00 0l1.00
12 0078 01.00 01.00
13 0034 G1.00 01.00
14 0032 01.00 01.00

CHANGE BUILDING DATA ?N
TRAF GEN(Y OR N)? Y

Figure 3. Typical set of input parameters for
elevator simulation

ALPHA 003.50SEC./PASS
TIME ELAPSED 15.00 MIN

MAX. TIME 15.00 MIN

NUMe. CALLS AVGs. VAITING TIME (SEC)
MF1t 0039 07.00
OTHERS 0034 26.75

TOTAL 0073

SYSTEM WAITING DISTRIBUTION

SEC. MF? OTHERS % OF MFt % OF OTHERS
0s o022 goo2 056.40 005.87
10 0004 0006 066465 023.51
15 0003 0907 074434 044.10
20 0005 0004 087.17 055.87
25 0003 ooo2 094.85 061.75
30 0001t 0002 097.42 067.64
40 0001 0003 100.00 076.45
50 0000 0003 100.00 085.28
60 0000 0002 100.00 091,17
70 0000 0001 100.00 094410
80 0000 0001 100.00 097.04
90 0000 0000 100.00 097.04

>90 0000 0001 100.00 100.00

LARGEST WAITING TIME »90 SEC
MFt 0000 SEC
OTHERS 0114 SEC

Figure 4. Simulation output: Statistical
distribution of waiting times
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Elevator Simulation (continued)

Information transfer between the panel and mini-
computer is based upon a simple, yet reliable
scheme where depressing a panel push-button (romen—
tary switch action) causes the panel to transmit a
unique push-button address to the computer, and the
computer responds by transmitting a command to the
panel that turns on the appropriate push-button
lamp. Since this entire sequence requires less
than several hundred milliseconds; the push-button
is usually illuminated before the-user can retract
his finger from the button. Also since lamp
control commands are stored in a flip-flop "array
within the panel, an illuminated button can be
turned off only by an appropriate computer command.
Tn addition to illuminated buttons, the computer
also controls the various panel indicator lamps in
exactly the same manner: .commands sent by the
computer are decoded and steered to indicator f£lip-
flops that retain each lamp's state until another
command changes it. '

An asynchronous, full-duplex communications channel
permits rapid bi-directional information exchange
between the panel and minicomputer either locally
via a twisted pair connection at 6.3 KBaud or
remotely via phone lines and modems at 300 Baud.

Dispatcher

The dispatcher used in the ELSIM system is an
actual production-line version of a special purpose
minicomputer designed to interface with a solid-
state elevator control system. A programmable core
memory with a paper tape interface facilitates
rapid re-programming to alter the dispatcher logic.
The dispatcher also contains a real~time clock used
for timing the frequency of occurrence of certain
events and establishing control intervals during
which priorities of calls are altered from the
normal. The dispatcher, for example, can respond
to up~-traveling, fully loaded cars leaving the
main floor by establishing a "Heavy Up-Peak"

period for, say, three minutes during which main
floor calls receive a higher than normal demand
priority within the dispatcher's assignment al-
gorithms.

A direct memory access (DMA) port to the dispatcher
core memory is the main communications link be-
tween the dispatcher and the outside world. In an
actual elevator inmstallation the DMA port is conn-
ected via bi-directional data links to each car
controller and corridor call entry system. The
simulated system also transfers information
through the same DMA port. The minicomputer
periodically .transmits vital per-car and system -
information directly into and extracts car-con—
troller commands from the dispatcher DMA port.
These commands determine each car's simulated
motion and response to demands created by corridor
and car calls. The dispatcher, then, receives
{hformation and issues commands in a manner
analogous to actual on-line elevator control, while
the simulator computer generates realistic res-
ponses to these commands.
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Since the minicomputexr, does not perform any asgign— -
ment computations normally performed within the
dispatcher, errors due to approximated dispatcher
algorithms are entirely eliminated in the ELSIM
simulator. This greatly facilitates and expedites
checkout of standard dispatcher programs as well
as development of new dispatching features.

Minicomputer and Software

The minicomputer portion of the ELSIM system con-
sists of a Westinghouse 2500 with 16K x 16 bit,

750 ns memory, a real-time clock (RIC), and three
peripherals: a high speed paper tape reader
(HSPTR); a. 9 track magnetlc tape drive and a key-
board printer. One general purpose interface card
containing a single 16 bit parallel I/0 port is used
for both dispatcher and panel communications. The
HSPTR is required for reading assembly-language
programs prepared on a W-2500 cross assemblex.
Loaded via a resident linking loader and stored on
magnetic tape, the assembly-language programs that
comprise the ELSIM system are overlaid as needed by
a small resident Overlay Executive. ;

A general block diagram in Figure 6 shows the main
software structure of the ELSIM system. As illus-
trated in the figure, the entire system is interr-
upt-driven from an IDLE state to perform tasks in
response to either panel or RTC interrupts. This
structure permits the user to interrupt a simula-
tion run in order to restart, respecify or print
statistics merely by pushing the appropriate panel
control button. A summary of panel control fumc-
tions 1s given in Table I.

A typical sequence of operating steps begins with
the Interactive program when the user, after pushing
the "C1" control button, specifies the simulation
variables by typing values for each of the para-
meters requested by the program. A representative
set of values is given in Figure 3.

The user's response to the last query in the list,
wpraffic Generator', determines whether or not the
program exits to the passenger generator program
prior to returning to IDLE. When called, the pass-
enger generator utilizes several interactive input
parameters to construct and store two probability
matrices that serve as the basis for dynamically
generating passengers later during the actual simu-
lation time period.

Exit from the interactive program is first to the
traffic generator and then (via clock interrupts)
to the timer, inserter, and statistics~print pro-
grams. The final step in the pre-simulation

-sequence is the execution of an initialization sub-

routine that clears call and statistics tables, and
resets all cars to a normalized state of not moving,
doors closed, ete. A flag set by this subroutine
signals the IDLE routine (see Figure 6) to flash
the RUN lamp at a rate of about 30 per minute.



BUTTON
oN

‘RUN

FAST

SLOW

TABLE I

SUMMARY OF PANEL CONTROL FUNCTIONS

Fast Motion ..

Action

[

Power ON/OFF to panel

Halt/Run .. enables and disables clock
interrupts, thereby determining either

"RUN" or "HALT" state of simulation

increases simulation
speed by decreasing time intervals
between interrupts from nominal 15
ms to 7.5 ms

Intermittent .. if both "FAST" and

"SLOW" are depressed, then the simu-
lation proceeds the normal speed for
several seconds, then halts. This
cycle repeats when the "RUN" button
is depressed

Slow Motion .. decreases simulation
speed by increasing interrupt inter-
vals to 30 ms

Ic

Cl

c2

C3 "(SPARE)...

.

Initial Condition .. removes all calls

and restores cars to quiesent state
of not moving, doors closed and mno
lantern

Reinitialize .. calls the interactive

program, which permits altering
either building and/or simulation
parameters

Print Statistics .. halts the simu-
lation and prints statistics based
upon current values of average wait-
ing times and number of corridor
calls. Simulation resumes when the
"RUN" button is depressed

Dwg, 1697E33

Interactive: Specify Bullding Configuration

Passenger Generator: Generate Origin -

Programs Marked "3K" Routinely
Update Panel Lamps and Dispatcher

Figure 6.

r ________ ~ & Car Parameters Thru Keyboard Destination Matrix
1
¢ 3 15 ms Interval {Nominal}
! raffic ST 3
! o Panel Interrupts Real > Time Clock 7 i
| i T Interrupt *
: | } Timer: Input Dis;:alcher
1 Calls 4 Commands; Generate Car
! 1 Control ! Respanse b Car Cals,
1§ H 3 Corridor Calls and
A } X Dispatcher Commands
\\ Car & Corrldor
t
Cali Entry Traffic Return 1
. Nl Trafflc Inserter:
e e~ Use Random Number
-~ IR N N Generator & Orlgin -
s Run®  Fast ~, Destination Matrix
4 3 ) {o Generate Passengers;
Remove Passengers
Inltlallze:* HalliRun: In(t:;ml N Statistics: Print at Destination
Clear Cails; N : System & Passenger
Clock S low, Fast
Normalize Control Intermittent Waiting Time T
Car Status Motion Statistics
1 Completed Total
Simulation Time
Flash Perfod?
NRun" Return
To Idle
Lamp
Freeze Clock

ELSIM Software structure - Dashed lines indicate
interrupt-driven program entries
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Elevator Simulation (continued)

This signals the user that initialization is
complete and the system is ready to proceed with
the simulation interval.  When the RUN button is
depressed the systein proceeds from HALT to RUN by
enabling RIC interrupts. .

Actual simulation of car motion and responses occur,

then, only while the system is in the RUN state.
Driven by 15 ms interrupts, the timer program steps
through the eight system cars such that each car's
status and position are updated every '8 x 15 = 120
ms. This timing sequence is followed even when
fewer than eight cars are in the simulated elevator
bank: the user removes unwanted cars simply by
pushing the Out-of-Service buttons located in the
per car column on the panel, while the timer merely
exits back to idle when it encounters an Out-of-
Service car. The 120 ms timing resolution, there-
fore, remains in effect for all per-car calculations
performed within the timer program.

‘For each In~Service car the timer checks for both
car and corridor calls ahead of and behind the car's
position, where "ahead" and "behind" are defined
with respect to the car's travel direction. The
timer program utilizes dispatcher commands when
computing a car's response,
an assignment by the dispatcher to answer a parti-
cular corridor call, such as UP call at floor #10,
the timer first checks the car's current status (In-
Service, Moving, Doors Closed. ...) and then com-
putes a response for that car. While a car is
moving, its position is calculated using:

As = %éAtz .:.. during acceleration interval
As = VOAC ceas uniforp motion interval
As = - %ﬁAtz ves. during deceleration interval
where . ) T
As = incremental position change (feet)

a,d = acceleration, deceleration rates

V0 = maximum veloéity‘

At = time increment (120 ms)

This calculation yields s, the car's absolute loca-
tion in the building. Using "s" and a table con-
taining absolute floor locations, the timer calcul-
ates the next floor at which the car could stop if
it were to decelerate at the normal rate, d. This
floor, which in elevator vernacular is termed the
"Advanced Carriage Position" or "ACP", is the floor
position reported by the timer to panel's position
indicators. Thus car motion as viewed on the panel
is exactly analogous to car position indicators in
an actual elevator system, where electronically
derived ACP signals are used to determine the next
floor at which the car could stop if it receives a
dispatcher assignment or car call while moving.
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Thus 1f a car is given.

On the simulator, then, we observe a car's motion
via illuminated position indicators showing the ACP
as it advances from floor to floor. If we suddenly
insert a car call at the ACP floor the car responds
- just as in an actual system - by slowing downm,
stopping and opening the doors at that floor. Of
course, if the call is placed well ahead of the
car's position, it will not slow down until the ACP
advances to ‘that. floor. '

If, as is usually the case for simulated traffic
studies, the user has requested automatic traffic
generation, the inserter program runs as an adjunct
to the timer at the 15ms (real time clock) interrupt
intervals. Using a random number generator in con-—
junction with the origin-destination matrices pre-
viously created by the Trdffic Generator program,
the inserter finds the next passenger's entry time.
Then in a subsequent pass through the program in
which simulated real time equals that passenger's
entry time, the inserter once again uses the random
number génerator along with the origin-destination
matrices to find the passenger's entry and destina-
tion floors. This technique of using statistically
derived probability matrices for generating passen-
gers in real time eliminates the need for reserving
large portions of memory to store a complete passen—
ger list, as would be required if the list were gen-
erated -prior to the simulation run.

Waiting-time intervals are tabulated and stored by
the inserter, Later, either at the completion of
the specified traffic study time period or in res-
ponse to the "C2" panel button (see Figure 6), these
data are used by the statlstics-print program to
derive and print the appropriate statistics.

In order to complete the discussion of the panel
control buttons, we refer the reader once again to
Figure 6 and also to a summary of Control Button
Functions listed in Table 1 where we see that the
user may at any time interrupt the normal IDLER*
TIMER*INSERTER program execution sequence to per-—
form the following tasks: Reinitialize ("IC"
button); Halt ("RUN" button); Slow/Fast Motion (two
buttons, "SLOW", "FAST"); or Intermittent Motion
(depressing both "SLOW" and "FAST"). This last
state, where the clock runs for about five seconds,

_then freezes until the "RUN" button is depressed,

then runs for five seconds, etc., is particularly
useful for debugging new dispatcher features, where
the user is. interested in carefully analyzing the
sequence of dispatcher assignments as the cars
change status. "Slow" motion is also useful for
this purposé.

-5.' PASSENGER TRAFFIC GENERATOR

The mathematical model that underlies the.simulation
of passenger traffic attempts to reflect the varia-

- bility that exists in real-life traffic streams.

The variability 1s seen-in two general areas:

1. The traffic intensity as measured by the number
of passengers using the elevators in a 5-minute
time period varies throughout the day.



2. The distribution of calls with respect to orig-
ins and destinations will vary from morning to
evening.

The passenger model will be presented so that
appropridte parameters can be entered and the pro-
gram will generate the proper traffic pattern.

If we were an omniscient observer of an actual
elevator system in operation, we would see a stream
of passengers pushing buttons. A hypothetical log
book might show the following information:

Identification Time of#* Floor of Floor of

of Passenger Call Registration Origin Destination
# 1 7:45:03 am 1 8
#2 7:45:15 1 5
#3 7:45:31 3 1
fin 12;11:08 pm 12 7
#(n+l) 12:12:12 1 3

* Time is in HR:Min:Sec.

It is precisely this information that the passenger
generator provides to the ELSIM simulator. We can
describe the random processes underlying the arriv~
als of passengers to the elevator system using sim-
ple probability concepts.

First, consider the number of passengers using the
elevators in a given period of time. The Poisson
process is a well-known stochastic process which has
been well suited for counting the number of occur-
rences of an event when the occurrences are gen-
erated randomly. It has been shown that the gen-
eration of such diversified things as radiocactive
particles, telephone calls, failures in electronic
equipment and automobile traffic can be satisfact~-
orily modeled with the Poisson process. The fact
that the same technique could be used to model
newly arriving passengers to an elevator system was
shown by the authors in actual observation in
dozens of buildings. The Poisson probability law
is easily stated:

n passengers are (AT)n AT

o
Probability o’

generated in time T

where A = arrival rate (average number of passengers
per unit time) and T is a given period of time. It
follows that the distribution of time between pass—
enger arrivals is negative exponential, with mean
/time between arrivals of 1/)A time units. The ELSIM
simulator implements the generation of the times of
arrivals of successive passengers 1, 2, 3, ... by
the following recursive formula:

t =0
o

- =in(r) _ '
by =ty g+ (—"K‘”‘) i=1, 2,3, ...

where t; = time of arrival for the i-th passenger
and r is a random number onr the interval (0, 1).
Since traffic intensity is typically expressed as a
percentage of the population in a 5-minute period,
the value of ) is given by

0.01TI
- 0.0ITI ¥ pop
A 300 E 1

where TL is the given traffic intemsity, POPy is the
population of floor i and the units of A is in
passengers per second,

The above formulas have not considered the pattern
of origins and destinations. We use information on
the expected use of the building to comstruct an
origin density vector and an origin-destination
matrix., The i-th element of the origin demsity vec-
tor measures the percentage of new passengers whose
floor of origin is floor i. Of all passengers with
origin at floor i, the i-jth element of the origin~"
destination matrix measures the percentage going to
floor j. Consider the following example for a 4-
story building, where Figure 7-A shows the origin
density vector and Figure 7-B shows an origin destin-
ation matrix. '

i=1 2 3 4

FROM FLOOR i: 407 24 12 24

Figure 7-A. Origin Density Vector

To FLOOR
3=1 2 3 4
FROM FLOOR i = 1 0 40 20 40
2 67 0 11 22
3 67 16 0 17
4 67 22 11 0
Figure 7-B. Origin~Destination Matrix

Once these two items have been calculated, it be-
comes a simple matter to determine floors of origin
and destination for each passeriger with Monte Carlo
sampling.

To describe how these traffic parameters are con-
structed in the general case, we must first recog~
nlze that traffic to and from a floor is proportion-
al to its population. Second, we recognize that a
passenger may be one of 3 types::

(a) up travelling passenger with origin at the main
floor ’

(b) down travelling passenger with destination of
the main floor

(c) interfloor passenger with both origin and
destination above the main floor.

Assume the following notation:
A = 7 of all passengers that are type (a)

B

% of all passengers that are type (b)
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Elevator Simulation (continued)

2

= % of all passengers that are type (c)

ORIGIN(1) = % of all passengers with origin at flpor

1

0D(i,3) . = % of passengers going to floor j, given
origin is floor i

POP(i) = = population of floor i

ORIGIN(*) is the otrigin density vector, and oD(*,*)
is the origin-destination matrix. The following
formulas are used to compute ORIGIN(.) and OD(-°,

as a function of A, B, C and POP(i). Without loss
of generality, the main floor is called floor 1 and
the other floors are labelled 2, 3, ..., N. First,
compute

N
- POP (1)
Py = POP(i)/iZZ

Then, the origin density vector 1s completely speci~
fied by

]

ORIGIN(1) A

ORIGIN(i) (B+C)pi i =2, 3, «.., N

The origin—destination matrik is somewhat more com- '

plicated:
0 if j=1
- 0D(1,3) = 100‘pj otherwise
0 if 1=1
oD{i,1) = EIE 100 otherwise
0 if i=j
C
op(i,j) = BiC 100pij otherwise
where
N
p.. = POP(3)/ ] POP(K) .
ij
k=2
ki
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As an example of the above formulas, cbnsider a bal=
anced traffic pattern.with

40
40 -
20

QWP
| ]

and a 4-story building with floor populations of 50,
200, 100 and 200. The values for Py are pg = 0.4,
p3 = 0.2, pgy = 0.4 and ~

ORIGIN(1) = A = 40

ORIGIN(2) = (B+C)p2 -= 24

ORIGIN(3) = (B+C)p3 = 12

ORIGIN(4) = (B+c)p4 "= 264

Note that these numbers are shown in Figure 7-A.
The reader can verify that the formulas for OD(*,")
will give the results of Figure 7-B.

It should be noted that in actual practice, the
traffic 1s not always proportional to actual floor
populations. For example, a sparsely populated com-
puter center floor would typlcally generate much
more traffic than a floor of 200 order-entry clerks.
Tn this case, multipliers are used so that traffic
is proportional to an “effective' population.

It is obvious that a single set of values for ORIGIN
(*) and OD(*,*) are good for only one distinct
traffic pattern. Other patterns are developed by
altering the basié parametérs A, B and C. The
following table lists some typlcal traffic patterns
and parameter values.

Pattern A B c
Morning up—peak' 90 5 5
Mld—morning off peak 45 45 10
Noon- go to lunch 20 60 20
Noon—reéurn from lunch 70 10 20
Evening down peak , 5 90 5
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Elevator Simulation (continued)

CONCLUSTIONS

The development of the ELSIM system represents the
use of a realistic mathematical model for passenger
traffic, minicomputer software and display panel

to produce an important engineering tool. The sys-—
tem has been used to plan many new elevator install-
ations and to develop Improved dispatching strate-
gies. Real-time simulation and visual display of
pertinent system indicators has been widely accept-
ed by elevator engineers, building owners, archi~
tects and éonsultants. The real-time ELSIM system
has provided an invaluable extension to traditional
event based digital simulation.
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