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ABSTRACT

The High-rise buildings with their consequent cdesable
number of elevators represent a major logistic lemb
concerning saving space and time for the sake o&fficient

performance due to economic reasons. Complex HEletoup

Control Systems are developed in order to manageeply the
lifts. In this context dispatching issue is onenfical importance
and every system must accomplish it considering twain

aspects: magnitude of calculation (solving timej aranaging of
uncertainty. In this paper a novel Elevator Groumi®l System
is proposed for dispatching landing calls using Zyukogic so
Energy consumption is minimize. Fuzzy Logic can dian
sufficiently lack of information and takes just fewstants to
obtain a solution good enough.

Keywords: Sustainable Development, Logistic, Energy
Optimization, Artificial Intelligence, Elevator, ftj Fuzzy Logic.

1. INTRODUCTION

The Elevator group control systems (EGCS) manage
multiple decks in a building in order to efficignttransport
passengers. Performance of EGCS is measured thobffgient
parameters like average waiting time, percentageaifs longer
than 60sec and power consumption [1], [2], [3] B4d

A snapshot elevator dispatching problem has beew:s to
be NP-Hard [5]. In fact, in a building with number of lifts
where k floors demand decks the number of solutions to be
considered is fiso complexity of problem becomes huge in
modern skyscrapers and other high-raise buildinggeneral. In
this sense, once certain grade of optimizatione&ched, it is
impossible to satisfy every criteria at the sameetso the EGCS
is designed to satisfy each one at determineddelegdending on
tenant’s preferences.

An EGCS mainly consists of hall call buttons siadatat
every floor, car calls buttons inside each deck androup
controller. In normal system the amount of uncatiaiis
considerable, as usually neither the quantity spagers behind

a hall call nor the exact destination until theggs the car button
inside deck is known [6].

Apart from complexity and data shortage the system
also to handle with possible future calls.

The more general problem assumes the following tingsis
in the elevator system performance. Each hallisattended by
only one cabin. The maximum number of passengeisgbe
transported in the cabin is bounded by its capatite lifts can
stop at a floor only if it exists a hall call orcabin call in that
floor. The cabin calls are sequentially serveddocadance with
the lift trip direction. A lift carrying passengecannot change the
trip direction.

Usually, the controller implements dispatch sulleat make use
of an IF-ELSE logical commands set. Among thesealh
rules, a simple lift group supervisory control yst suitable for
groups of two or three in not very high rise builgh, is
simulated in the computer-aided design suite LifiiBation and
Design (LSD), implemented at University of Mancleeshstitute
of Science and Technology (UMIST), under the destign of
the THV algorithm. This algorithm collects the mastmmon
rules in duplex or triplex algorithms. The THV atibm assigns
the hall call to the nearest lift in the adequéfedirection.

As a result of complexity, modern heuristic ka®e employed
in order to solve the problem. Reinforcement Leaagni
algorithms [7] have shown an accurate behaviouwotiisists of a
semi-Markovian process and uses an agent-team wexk
agent controls one lift. Under these conditions awchitectures
are used: a parallel architecture where the agshise the
network (Parallel Reinforcement Learning, JRLand a
decentralised architecture where each agent haesvit network
(Decentralized Reinforcement Learning, JRL

Usual artificial intelligence like genetic alithims [8] or taboo
search show acceptable results, but their time resipeness
employed reaching final solution makes them noficieffit
solutions worthy enough. Other techniques like abnetworks
need too much training time to work properly, sdmes are



difficult to implement and show not desirable réswat all when
adapting to fast unforeseen variations. Other nuzlogies like
ant colony optimization [9] shows fast performarueé tedious
implementation. On the other hand fuzzy logic camebi both
fast performance and cheap implementation.

The elevator system research is quite recent arsl ha
followed the technology development. The late égghtind the
nineties decade can be considered as the start pbithe
industrial investigation, especially in USA and dagd10], [11]
and [12]. After that the research experimentedirtifaulse of the
largest multinational companies[13], [14], [15] ai®]. By the
end of the nineties the research in vertical trartgion was a
reality and the collaborations among the privatmganies and
the research centres were reinforced, some exangieshe
Systems Analysis Laboratory in the Helsinki Univigrsof
Technology with the KONE Corporation [17], the KadfZuse-
Zentrum fir Informationstechnik of Berlin [18] ohe Seville
University with MACPUARSA [19].

Actually with the upstarting of sustainable develmmt,
energy consumption issue is becoming one of thet mgsort
features in technology. Total percentage of eleityrbill wasted
by the group of elevators in a building goes fragvh © 8% [20],
so total amount of power is considerably. Howewehas not
been a common researched issue. [21] Proposedzg foadel
where diverse criteria are used as the Hall CalitidgaTime for
the ith-lift (HCWT;), the maximum Hall Call Waiting Time
(maxHCWT,), the capacity of coverability for next calls fthre
ith-lift (CV;), and the minimum distance between new calls and
the last calls allocated Gathering Degree (G[22] Design a
combination that integrated bi-objetive geneticoalpm and the
control of its performance due to a Pl controlleowever the
design must known before functioning informationoat its
possible waiting time results.

2. ENERGETIC CONSUMPTION IN AN
ELEVATOR SYSTEM

Nowadays with the fell into disuse of hydraulicweltor, all
the lifts allocated to buildings could be represdntas
counterweigh plus cabin and ropes system. Nornihbydesign
is made for being in equilibrium every time the kidoad is
equals to half of the maximum load allowed. As shoim
following illustration:
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Illustration 1. Balanced elevator system.

When a cabin move towards a heightflom a height b his
potential energy changes, and as a result so dwesvhole
potential energy of the system:

AE =mg (h-hy)= mgAh @)

Wherem represents the static balance of the system arsd ma
of ropes could be depreciated respect those o#hergents:

M = Mbeck + Mioad - ITbounterweigI‘1_'mLoa\d - (1/2)rnllaximum Load (2)

From previous descriptions it could be conclutieat elevator
systems do not employed energy at every movemanfadt,
when an elevator move downwards with less load theifithe
maximum allowed or upwards with more load than hhi¢
maximum allowed, the hoisting system wastes endBgy.vice
versa, every time the deck move downwards with nmad than
half the maximum allowed or upwards with less ldhdn half
the maximum allowed, the hoisting system gain energ

Actual brake employs resistors that can recupetee energy
gain, however due to mechanical friction reasont aib the
energy could be restored. In this scenario, enesggtem
consumption depends strongly on efficient dispatghi

3. ENERGY ASPECTS

From previous section, following deductions areade
concerning certain energy aspects:

Useless stop avoidance

Whenever dispatching, it is typical to consideerage waiting
time of passengers to avoid useless stops in tieeghat there is
no space available at all for all the passengenstlehe landing
call so another stop will have to be made in tharfito collect
passengers lefting, making at the end two stopausfust one.
But strictly from a purely energy point of view, dvgtops instead
one could be profitable. It just depends on the sitaation.



Unpredictable future

Without hall call allocation panels situated on rgviéoor, it is
impossible to know the destination for each passerfore
they enter the cabin. However it is possible taneste the
average people letting the deck at each floor ditgnto the
number of car calls produced and the total weighdm cabin.
Moreover, it is also possible to estimate the ayerpeople
behind a landing call based on recent history. Bgipy both
methods the EGCS is able to estimate the total amof
passengers along the trip and its consequent eimapdigations.

Adjoining of landing calls

The proximity between landing calls should lneaisive factor
to take into account when dispatching. Adjacentdiag calls
must be assigned to the same or different deckrdicgpto the
elevator energy state. For example, a cabin thamadving
downwards with a total load inferior to half the xitaum load
allowed should serve a few landing calls in a rovintrement its
inside weigh for reducing energy waste or even tarts
generating energy.

Promote loading passenger depending on deck direati

As an alternative to adjoining landing calls sideration,
EGCS could promote or not loading passengers osahe deck
for the same reason state previously. However imteempt to
not to do this multi-criteria design redundant, rpate loading
passenger was not consider in favour of servingimitig landing
calls.

Sectoring techniques

When dispatching for time optimization, it is nomon in
periods such as interfloor or downpeak to distelthie elevators
among some areas of the building formed by consectlbors,
looking for minimizing the space a deck hast to mbw respond
a landing call and therefore reducing waiting time.

On the other hand, when dispatching for enengynozation,
such a division has no sense at all because coultl énergy
blooming, as the longest distance to landing cdikenv lift is
generating power the better for the sake of eneffigiency.

Energy Considerations about traffic pattern
Classical theory [6] describes four traffic patt for a typical

day in a worker building according on whether th@mflow is
ascending, descending, both or none of them.
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lllustration 2. Traffics patterns occurring along the day
in a typical workers building.

As mentioned in the introduction, some intelligeispatchers
make their decision basing on different criteriaverage
passenger waiting time and the most advanced, nerg
percentage of long waits.

Destination or starting floor are usually knoimrdownpeak or
uppeak periods respectively, and so occurs in jpezk period,
(which constitutes a mixture of both) reducing thispatching
options. Besides, the total amount of passengetisese periods
is considerable so waiting time is critical. As ensequent of
that, it is usually while the interfloor pattern,hen the
dispatching options are higher and the traffic tégh(so waiting
time problem has not the size as in others perioghen the
EGCS is able to dispatch landing calls taking thergy issue
more into account than other factors.

4. FUZZY LOGIC-BASED ALGORITHM FOR
ENERGY CONSUMPTION OPTIMIZATION

Restrictions

The proposed energy dispatching method follows siraple
restrictions:

- Collective Rule: Elevators are not alloweddather
passengers that want to travel in the different thaylift is
moving due to psychological human constraints.

- Alanding call must be always allocated to a lift.

NOTE: A lift is able to have allocated more tharedanding call
or even none at all.

Working Principle

In a facility withn number of lifts andp number of landing
calls, the algorithm evaluatexp fuzzy procedures so allocates
landing calls in an optimized order to the intentedt lift among
all the possibilities according to three estimatateria: possible
absolute energy, possible relative energy and plessidjacent
energy:
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lllustration 3: Flow-chart showing the four basic steps of
the saving energy consumption algorithm.

Absolute energy evaluation (&gs[n][p]): The absolute
energy evaluation estimates the total amount ofgpavasted by
the cabinn if it would attend the landing call p. As it isfaed
depends on:

- Thepossible flightmade by the deck.

- The unbalanced weigh respect to the equilibrium
balance state.

- Theactual directionof the cabin (which at the same
time depends on the car calls and landing caltsadily
assigned to deck).

Absolute evaluation acts as a measure of thectib¢ energy
employed in the action without considering the shap problem
conditions.

Relative energy evaluation (ke [n][p]): Relative energy
evaluation makes a quality comparison betweendte amount
of power wasted by the cabimif it would attend the landing call
p (Eags[nl[p]) and the energy wasted by the restnet deck
possibilities for attending the concrete landindg ga As it is
defined depends on:

- AE[n][p]: It measures in number of average deviation
the difference between the absolute energy ofntipe
par decision and the average of the whole seh of
possibilities for attending landing catl

EABS[ n][ p]_ EABS{ I']I: pnxeé'
S A @)

2E[n[ o=

Where S[n][pwed Iis the average deviation and
Eass[N][psxed] the energy average consumption for all
the possible assignation for a fixed landing pall

- The quality of the best alternativéo cabin n for
attending the concrete landing qall

EABS[”]': Pixed | ~ EABS[ r]l: pﬁxe;l
bes1( EABS[ I’}I: Rixed:l)

Quality_ Best_ Alternative
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Where Eagg[n][Paed is the best alternative to
Eags[n][Prixed] for a fixed landing call p.

Relative evaluation acts as a measure of envienal
situation, allowing to establish decisions aboetfilness of thae
possibilities attending a concrete landing pall

Adjacent energy evaluation (Ep;[n][p]): The adjacent
energy evaluation estimates if a landing pathould be served to
a cabinn accordingly to landing calls already assignedatioircn.
As it is defined depends on:

- The proximity of the landing call p considered to the
nearest landing call already assigned to cabin n.

- The unbalance weigh respect to the equilibrium
balance state.

- Theactual directionof the cabin (which at the same
time depends on the car calls and landing calkadly
assigned to deck).

Adjacent estimation contributes whether to assigoup of
nearby landing calls to the same deck as far agetie saving
was described in previous section 3. This valuatombined
with the relative one acts as a measure of theskiwproblem
situation.

Final energetic evaluation:Once the three parameters are

calculated, the final figure representing the eatcgfitness of
each possibility is obtained through the set ofglgi[v, v, v4]:

SIAld=vael il b+ v &l 1 b wBL D
FUZZY ENGINE

Each one of the triple energetic evaluation esents a fuzzy
procedure (fuzzification, inference and defuzziiica).

Input data: Consist of basic information.

- Mass load of each deck (Kg) measured throngtailed
weighs on the deck floor.

- Actual direction of each deck (upward, downveaat
stationary).

- Position of every cabin and landing floor (m abo
reference).



- Registry of the Car calls.

Linguistic variables: As shown in illustration 3 before, not
all linguistic variables but some form part of deteined criteria
calculus. Although besides, some of them contribait@ore than
one calculus.

- Possible flight.

- Unbalance.

- AE[n][p].

- Quality of the best alternative.

- Proximity.

Fuzzification: Fuzzification of linguistics variables are
carried out through typical membership functions.

Fuzzy inference: Each energy evaluation is deduced
from de fuzzy variables according to a set of logites. As
example, next table shows logic rules constituttmg deduction
about quality of absolute energy for a concrete par

(Engs[NllpD)-

Tablel. Logic Rules for absolute energy criteria.

PFvs PFs PFa PFL PFw
16 16 Tve, Ty, Tve
Ue Ri Rs R11 R1s Ra1
Bl Bl vBl VBl VBl
Ta 16 1e Tvg Tve
U | Re R7 R12 Rz Rz
Al Bl Bl VBl VBl
16 16 1A Ta 18
U | Rs Rs R13 R1s Ra3
6l 6l Al Al Bl
1A 18 18 Tve Tve
Unve | Rs Ro R1s R1g Ras
Al 6l 6l VG| VG,
18 18 Tv Tve Tve
Ur Rs R1o Ri1s Rao Ras
6l 6l ve) Vel Vel
PF: Possible Flight VL: Very Large E: Empty
U: Unbalance L: Large NE: Near Empty
A: Average EQ: Equilibrium
VG: Very Good S: Short NF: Near Full
G: Good VS: Very Short  F:Full
A: Average
B: Bad
VB: Very Bad

Defuzzifcation: Is carried out through sigmoid function to obtain
a unique valour between zero and one.

5. RESULTS
Elevator systems are designed mainly accordiagneys

classical theory [6] in the meaning that a systerdan handle
the logistic transport during uppeak, is also ataletransport

efficiently passengers during the rest of periddsercoat, this
gives a large extra handling capacity during imverf interval,
and as shown in previous section, allow the digpatto focus
exclusively on energy matter. In this aspect thezyubased
elevator group control design is completely abledispatch
efficiently the landing calls.

Simulation trough ELEVATE software has been iedrrout.
The example building has 15 floors and 6 elevatgtk a total
population of 1200 workers equal distributed altmgfacility.

Most of actual companies use a dispatch alguorithll “nearest
call”, which is self-descript, it dispatches thadang call to the
near lift following the collective principle. In ith sense while
during light interfloor traffic (around 2 POP is wing between
random floors), the following average results wavtained:

Table3. Simulation result showing the performance of the

EFLGCS
EFLEGCS| NCAlg. | Difference % Imprve
Power -226,5 Kw 29,5 Kw -197 Kw| 668%
AWT 18.3 seg 9.2 seg 9.1 sed -98.9%
ATT 20.8 seg 22 seg 1.2 seg -5.45%
ATD 39.1 se 31 sel 8.1 se -26,12%

AWT: Average Waiting Time

ATT: Average Transit Time

ATD: Average Time to Destination
NC Alg.: Nearest Call Alg.

EFLEGCS: Energy Elevator
Group Control System

The results are conclusive, the total amourenafrgy wasted in
the movement of the elevator can be extremely dseck even
producing gaining to the system for a concreteqoenf time
with a slightly cost of total waiting time (ATD).d#wever due to
the classical design theories already exposed ane t
recommendations of CIBSE guide [20] the most imgoartime
figure AWT is still more than acceptable, and se #ire others
time figures.

6. CONCLUSIONS

In this paper a novel Fuzzy Logic Elevator Grabpntroller
has been presented. It has been concluded theifitsufficiency
for working during light and medium traffic periodsich as
during the interfloor pattern. Through simulatiardacomparison
with a classical dispatcher the energy profit hasrbnumerical
calculated: the results show desirable performarmgting
broadly the other dispatcher in energy issue anthtaiaing a
more than acceptable mark as far as waiting tincenserned.
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