Development of Simulation System for Lift Design
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Abstract: This paper addresses the work done in pursuibh @g@ert system for designing building pas-
senger vertical transportation systems. The desighspecification of lift systems for large builgéis a
very complicated process, with a wide range ofaldés that need to be evaluated in order to design
system that will deliver acceptable performancachSevaluation is performed with the help of coneput
simulation software. The limited functionality dfet currently existing programs for lift simulatibow-

ever prompted the authors to pursue the developofenhew system, suitable for the demands posed by
modern building designs and improved control athons. The authors have completed the calculation
and simulation modules together with the generatibthe visual simulation and building information
model and the approach and methodology employdessribed within this paper.
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1. INTRODUCTION

The design and specification of lift systems fagéa build-
ings is a complex process. This complexity is desiraed
by the fact that many systems already adopted gh hise
buildings are considered sub-optimal. Large modauitd-
ings often incorporate shuttle lifts that take pgeojp a sky
lobby, from which local lifts take people on to ithiinal des-
tination and, to date, it has not been possiblentalel this
whole system.

In the late 1970’s the use of computer simulatmevaluate

lifts systems was introduced by Barney and Dos &ant

(Barney and Dos Santos, 1977).

Around 1998 a PC-based simulation program was dpeel
for general use by Peters (Peters, 1998)

This program, called ELEVATE, enabled users to nhode

most types of buildings with associated lift cohtsgstems
and types of traffic. It could not look at multiptgoups of
lifts in operation in parallel nor did it accountrfdesigns
involving sky lobbies, double deck lifts with new-salled
“destination” hall call control or address the wais other
important parameters of design including buildingace
taken, capital cost estimates or the generatian3D Build-
ing Information Model of the proposed lift services

Currently the “state of the art” from the viewpoioft inde-
pendent lift system simulation resources is thelahiity of
either “PC-LSD”, a program developed by Barney Bte*
vate” a program developed by Peters.

The limited functionality of the current program&ans that
the designer must have considerable experiencetagid
knowledge of how to address all the variables imedl The
current systems are also not compatible with tlenghg
requirements of modern lifts which now increasingigor-

porate destination hall-call control systems whersers
“book” their calls even before they enter thelibby.

Recent advances in software development have prdde
opportunity to develop an Expert System based w@pBuild-
ing Traffic Simulator. Such a system would allownsaolt-
ant’s expertise in the form of rules that could daptured
together with their in-depth knowledge of lift syst design,
to meet a wide range of needs, including:

» 3D calculation of the space taken, i.e. physicaheti-
sions of a system that can be transferred as aiBgiln-
formation Model into architectural CAD packages.isTh
enables the building efficiency to be calculated the net
to gross rentable space figure.

Graphical performance output demonstrating theesyst
performance under differing traffic situations, i@&ncy
curves and information in graphical format.

» Visual demonstration of performance to interestadi@s
e.g. architects and developers enabling any lorigpes-
sengers or substantial queuing to be seen in ahdsmu-
lation of the operation of the lift services.

2. SIMULATION STRUCTURE

Computer simulation is especially valuable for érguild-
ings when the traffic patterns are more complicaimar-
ily simulation allows the relative capacity of difent eleva-
tor configurations to be analysed, especially fealptraffic,
in terms of “quality” and “quantity” of lift servi.

The traffic simulation solution developed uses tbacept of
a so-called ‘simulation platform’ which performd #ie un-
derlying functions and processes of car movememispas-
senger activities. As seen in Fig. 1, the simufafiatform
consists of four parts; passenger generation,urap jmodel,
individual car controller and the group controll&he group
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Figure 1: Elevator traffic processes (adapted from Siikonen 1997)

controller implements the passenger allocationnttividual
lift cars and is responsible for overall performamptimiza-
tion. It will be described in more detail in thexhesection.
Firstly we discuss the other three elements.

Passenger generation is the starting point for traffic simula-
tion. The arrival and destination floors of indival passen-
gers are random but they statistically follow a egivor
measured population distribution in the buildingotigh the
destination probability matrix, ;dwhich reflects the spatial
geometry of the building or the relative attractmfnparticu-
lar destinations.

The Poisson arrival process takes account of pgeseairi-
val time. Passenger arrival floor and destinatitworf are
considered as a spatial distribution which is debeed by
the traffic pattern and the relative attraction inflividual
floors. Passengers are externally generated aridteoduced
to the model one by one at their arrival time. Bvgassenger
is listed in the queue information and given a ueiédentity
number. The queue status (ON /OFF) of the flodriggered
by the presence of passengers waiting at thatrdgndi

The car jump model describes the movement of the elevat
car within the shaft. It is commonly assumed that¢ar can
attain instantaneous values of the rate of chafgeaelera-
tion, which is termed jerk. This motion is descdlia terms
of position §), speed\(), accelerationg) and jerk |). There-
fore, the car movement in a jump is given by:

s:jvdt,v:jadt,a:j[jdt (1)
0 0 0

where, j = #¢, andc is a constant depending on the specifica-

tion parameters of the elevator. Other importamistants are
maximum acceleration and maximum velocity.

There are basically three jump scenarios in typilmadr to
floor car movements:

1. The lift reaches full speed and full accelerati®his is
typical for a low speed lift moving from floor tétobr or a
high speed lift making a multiple floor run.

2. The lift reaches full acceleration, but not fullegg. It is
typical for a short distance run for a high speftdwhere
the distance travelled is not enough to accelenat® and
decelerate down from full speed.

The lift does not reach full speed or acceleratidhis
scenario corresponds to very short trips, e.gleifigor.

Theindividual car controller coordinates the operations of
each individual car such as loading and unloadagsengers
selectively upon the car stopping and control oft mkestina-
tion stop for car movement. It takes account ofcfioms in-

éride the car, e.qg., registering and cancellingaofoalls, open-

ing and closing of the door, passengers loadinguahshding
and measurement of the car load. It has two majoctions,
one for jump task scheduling, which means taking hill
call allocated from the group controller and calisceegis-
tered by in-car passengers to issue a destinatioaldor the
car jump model; the other is monitoring passengdivisy,
which includes selective passenger loading and adgfithg
upon car stops, appropriate passenger identifyirghous
compatible with passenger tracking and loggingrtesery
movement in the activity log.



3. THE GROUP CONTROLLER ALGORITHM

The algorithm represents the software installethen group
controller, which decides when, how and what to eami-
cate to the car controller. The group controlldects one of
the algorithms to be used to allocate passengdy (adls to
an appropriate lift (car) which can service thdk ca

The algorithm is event-driven and is executed astleeach
time a new call is registered. It is also executede-assess
any existing allocations of calls (if re-allocatio allowed)
only when a significant event occurs, suchhat call regis-
tered, car call registered, door closed, call cancelled etc.

For each lift in the group, the Algorithm uses therent state
of the lift and all its registered calls to creatgourney plan
for the lift as it follows a Simplex Collective agthm (@n-
swering all its registered calls at floors encountered in its
current committed direction of travel to one end of the shaft,
then reversing and answering all its registered calls in the
opposite direction, then finally answering all its registered
calls for its current committed direction of travel that are at
floors currently behind the lift). The journey plans include
relative timings of arrival at each planned flotops which
represent the estimated time to cancel the registealls at
the floor for the current committed direction aivel.

The algorithm then makes a trial allocation of avrall by
adding it to the travel plan of each lift in tuthcalculates the
cost of allocation as the difference between thasueed cost
parameter before and after the trial allocatiore Thst func-
tion calculation may be based on any calculatedevadlis-
tance to travel to the call floor, average calltingj, average

journey time, etc. The algorithm stores the retdronest of
allocation against the relevant lift. Finally thigaithm se-
lects the minimum cost allocation and stores thecation
permanently against the hall call.

Two types of hall call are considergdonventional (Direc-
tional) calls andestination calls.

Calls areConventional when only the Origin Floor and the
requested Direction of Travel is known. In geneaaly one
conventional call can be registered per floor pezation at
any one time.

Calls areDegtination calls when both the Origin and the Des-
tination Floors are known and the requested Dinectbf
Travel may be computed by comparing them.

4. SOFTWARE DEVELOPMENT STRUCTURE

The application is developed as four distinct sygtesms (Fig.
2): Calculation, Smulation, Visualisation and Reports, which
can be selected independently and which are linkigdther
via a user front end. Extensive use of XML as amaed pass-
ing information around the application allows tlystem to be
customised for the applications usage and for tfastsfer of
data. No database is utilised removing the accogipgrdrag
on resources that is needed to run a databaseeefidia cod-
ing language C#(C Sharp) is used for the majofitye appli-
cation. This choice of language offers decreaseeldpment
times compared to using C++ for the small losseriggmance
(estimated at 3%). It is also the language of NET. environ-
ment, which allows the importing of other DLL’s tten in
languages such as C++ and COM to be accessed \Gade#
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Figure 2: Software architecture



Figure 3: Lift lobby rendering

This helps future proof the application as add-cans be writ-
ten in the developer’s language of choice. Linatized for

querying data held in the XML files. Such data s known
values for lift speeds and capacities as well asattompany-
ing sizes for lift cars, lift shafts, machine roatata and the
size and shape of the building’s lobby.

5. 3D DRAWING INFORMATION AND VISUALISATION

There is a growing movement in the architecturatlévdo
produce drawings in 3D. One of the main advocatesuito-
Desk with their product Revit3D. Our applicationnstructs
a Building Information Model (BIM) for the esseritidaD
structure of the lift shafts and lobbies and expdrapplying
IFC — the Industry Foundation Class (IfcWiki, 2008)file
format that is now a well establish standard, basedhe
latest International Alliance for InteroperabiliyAl) IFC
2x3 data exchange standard, compliant with 1SO-2a20
This model is built using either data directly itxed in the
simulation process or automatically derived frora fpecifi-
cation of the lift system chosen by the user, witbst pa-
rameters exposed for further manual tuning. Oneefittal
structure of the lifts, shafts and lobbies is dedidthe infor-
mation model may be easily and effortlessly fedvend to
the architects using CAD tools.

The 3D structural model of the building is also diseter-

nally, by the 3D Visualisation Subsystem. This medap-

plying heavily the 3D animation techniques and Haee

FreeWill+ animation framework (Szarowicz et al.,08D

provides a facility to observe the movements ofspagers
and elevator cars in the building. Although notirdispensi-
ble element of the simulation tool, it may strongifluence

the decision making process as it provides higlidyal con-

tent to illustrate the performance of the lift Sees. For ex-
ample, by introducing colour coding of the interglipassen-
gers based upon their expected waiting times, starb vis-

ual cue is provided that allows the user to easigt queues
of lift users with excessive waiting times.

The visualisation module renders the building gtreee and
populates it with 3D animated human characters. (Blg

They are driven by the simulation subsystem outcome

treated as a specification of their behaviour aa “script”.
This is a major challenge as the information thysptied is
rough and contains mainly arrival times at varipants of
the space. To achieve the proper ‘look and feetioemal

human-like behaviour must be reconstructed, or kited,
automatically by the system. The population of pagers is
therefore modelled as a swarm of autonomous dig&th
agents. The goal of each individual is to fulfieith“script”

but, in the same time, to behave like a human,fasidof all

to avoid collisions with other passengers as welachitec-
tural elements. To achieve this classical swarralligence
approach [Reynolds, 1987] has been applied.

6. CONCLUSION

The new design tool developed will enable a moferined
selection of lift design to be made by comparing télative
traffic performance, space-take and capital cogtash solu-
tion.

It will also be possible to quickly analyse theeeff of chang-
ing input variables e.g. occupational densitiesnuiee per-
formance of the lift system.

Future plans include further development of theespssuch
that the interaction between the visualisation tredsimula-
tion modules will be able to be performed on-litreaddition
this new tool will enable the designer to ultimgtetconcile
the performance of a theoretical lift system with“real
world” system whereby the impact of the variabladimg
time for a car due tothe position of passengerthénlobby
etc. can be explored.
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