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Abstract: ‘This  report  has discussed cmergency ovacu
ation in hotel fircs and oroposed an integrated sysiem of
cmergency By using  “A New Tyoe of the Com
puterized Bmergency lvacuation Systen”
able to quickly and safely cscapes the fire.

cvacuation.
all guesis will be

Introduction

[fotels may be classified into two types: b.oe., city
hotels and resort hotels.  City hotels inclnde multi
vurpose  big hotels and business hotels.  'The former have
banauct rooms., confercnce rooms. shops and wedding halls
in addition to of coursc ufceping accomodations, and the
fatter center on providing lodging for traveling business
men. Resort hotels aim o serve guests vigiting for
sightsecing and recrcation
city or husiness hotels mainiy just want gsleening accono
dations. {lowever the favout of a big hotel varics so

Those who stay al atay at

widely because of the mnititude of uses they wnst gerve

that fires arc more likely to happen. and when they do
occur, guiding people Lo safely is more difficu!t than in
other types of hotels. for this rcason fires in hig

hotels almost never occur without deaths or injurics among
the overnight guesis,  This is obviously due to the fact
that fires
and complicx as the buildings themselves®

in bixg hotel buildings can be as larse scalc

o

Nowadays the control and monitoring svstems which aim
to prevent disasters are compulerized and have imeroved so

and activating fire
snetion

extinguishing
cauiomenl, along with taved cwergency information

cauivment and smoke

on & wublic address svatem can be done immediatelv.  {ow
ever, no jmprovewcnt has beew wade in sccuring sals naths
for evacuation and muiding the cvacuces to exils.

This
evacualion

report. orovoses 4 new Lvoe of the emergeney

wethod developed with  iwprovements wade by

atudving oproblems in evacualion cxperienced

during vast hotel fires

CRCrECnCY

Current_Status and Problems in Disaster

Provention Systems
In the Lotal holel control svstem, a disasler conivo)
/ponitor system is integrated with a centeal conlrol/moni
tor syvsiem in order Lo improve functions and Cor case of
#hat the disasicr vee

overation”’, as shown in ‘fable |

Table 1 Configuration of the integrated comtvol systow.

CERTRAL MONITORING iCENlHAL MORVTORTNG AND CORTROL UNMYY
SYSTEM ;. MON TR
" RECORDER

DISASTIER PREVENTYON ERECF]VHR FROM HEAT/SHOKE SENSOR
MORTTORING SYSTIM ¢ SHMOKE RJHCTING YACILYTY CONTROL. URLY
¢ MONLTOR

much that detecting the orixgin and magnilude of the fire
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| CONTROL
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———————————— CENTRAL[ZED CONTROL/MON{TOR
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Fig.

I Example of a disaster vrevention svsicm
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vention center ought 1o do when hical/smoke sensors deled

a fire is to locate the origin of the fire, assess iy

magnitude, provice the sucsts with cmergeney information
by public address system.  sccure safe paths for ovacy
ation, guide guests to cmergency cxits, activate fire ex

tinguishing and smoke rcmoval cauipment. and Lo reoort the

occurrence  of the Tire 1o the authoritics™. Such a dis

aster control/monitor system iz cxcmplificd in Fig |

Such  sysicms however

without declays.

almost never operate successfully

At the sike of the fires the cvacuating peonle cannol
exocet, the disastrous manager. o make the vight decisions
pecded for evacuating people because iudgement of the dis
astrous manager deleriorates awickly due 1o a lack of oxy
gen in rooms and halls full of smoke.  Another difficulty

in sccuring  evacuation roules is lhal a vanie lends o

havpen  whep many  people including the overnight guests

rush Lo ecmergency slaivwayvs and clovators. !4 is also
difficult Lo guide the evacuees Lo exibs because the chaos
and eries of the peovte wake it difficull for them to hear
the public address svstem

[n order to save lives and proverkv il iy necessary

to reconsider hoth the hardware and software nceded in a

disaster prevention control/monitor svstem,  Therefore we
decided to

svstem that does noi deovend on the dudsgcement of the person

develop  a cowpulerized cmergeney cvacuation

who 1s responsible for safely in the viciniiy of the fire
and that can hotel fires in all their complex forms

A New Type of Emergency Evacuabion Method

Rascd on the discussion given in “Currenl Status and

Problems in Disasicr Prevention Systems” A new bype of

the  cmergency  evacuvabion method and a  compulerized

cucrgeney  evacuation  sygiem are orovogsed by il present
work which {cks us Lo know how many sucsla comain in cach
roon, perfora cmergeney

roow. the conditions of cach

public address appouncements, secure cevacuabion routes and

guide the cvacuces o exils, all withoul delay

¥onitoring Guests Rewainiog o Room

Pregent. disaster  orevention conblrol gysiems do nol

allow us aceurately know the corrcct number of guests

s1i11 remaiwing in Lheir vooms in the event of a Tire
This weoblem can  be solved with the devices shown in
Rig, 2. These  deviees fuclude a 1ight source and a Cds

photoconductive cell which is a vholosensor. A self
focusing wicro Yeus ereates a beaw of varallel light ravs
using  the tixhb cmitted from the tighl source.  Ywo sels

of light sources and  Cd8 vholoconduetive cells are in

stalled near the door  inside the room, in varallcel atb
about /0
statled so that the CdS vhotoconductive cell reecives the
tight cmitied from the light source. ‘These (S oholocon
ductive cells are connected to the compuber.

centimeters  above  the floor. Yach set is in

PASSAGE

No.| CdS

PHOTOCONDUCTIVE CELL

No.2 Cd$

-1

PHOTOCONDUCTIVE CELL

TO COMPUTER

+1

GUEST ROOYM

Yig, 2 Counting gucsls coicring or leaving the room,

¥%hen a person enters the room. the overnight guest
intercepts two heams of light., VFirst the overnight guest
intercents the beam ncarcest the door (No. 1), and second
that farthest from the door (No.2). At that time the
computer adds onc  fo
being in  the
overnight  guest

the number of peopte recorded as
rool,  When a oerson leaves the roow. the
intercepts these light beams in reverse
order  (the No. 2 beam first and the No. 1 heam second)

The computer then subtracts one from the number of veople

recorded ag being in the room.  When the count of neonle

86

‘The counts made by
heam when entering and that made by ihe No. 1

cnbering and leaving tends to overlap
ihe No. 2
heam wien leaving differ from cach other. [ such a case
the larger count will be uged,  The devices however do not

atwavs suffice o give ap accuraic count of weovle re

waining in the roow.  Ho in case of a fire, video camcras
must be used in addition to rhe {dS vholtoconduciive colls
in order to cnsure the additional safeiy of the guests
The video camera operation i deseribed next.



the rooms as follows
nol be uscd
flowever once a  fire occurs,  the shubter of the video

camcy
opens

and whether any people  arc remainiog in the room {sce

In this system video cameras ave used for monitoring
Ordinarily these video cameras sust

a installed in the ceiling at Vhe center of the room
, 30 thai the computer can check on the room status

TO COMPUTER
\SMON[TORING DEVICE

==

GUEST ROOM SHUTTER

A DETAILED VIEW OF

o

SOUND PRESSURE LEVEL (1) —

1
o
o

iVEL (dB)—

SOUND PRESSURE

-80

Fig.

fig. 3 Monitoring with a vidco camera

OPTICAL FIBER

THE MONITORING DEVICE

in order to cvnswre the nrivacy of the guests

VIDEO CAMERA

Vig, ), Information obltained with the video camers in
atf  the rooms, cnters the compuler via ootical fiber
cables  and  ihe  compuler  keeps waleh only of the rooms
where  weovle  stitl remain. The verson resvonsihle for
safely  thus Knows  the curven! status of all guests aud
can guide Llhem to cxiis  or send a rescue team Lo bhe
appropriate room as needed,

Casuallics oceuring  in hotel fires are said to he
wostiv duc to carbon monoxide poisoning rather than due to
hurns, ois therefore certain that injurics and deaths
can be reduced a great dead by guiding remaining guesis Lo
safely  or sending a4 resene  teaw as uecded 17 the cow
ditions of the guesis in the remaining rooms arce Known.

m "

Emergeney  “Synthesized Speech”  Public Address Svstews

fmersgency  oublic  addeess  avsiems aim to offer all
persons staving al the holel, jnformation on the location
of the fire, its magnitude and cvacvaiion information

-
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4 Speech synthesizer

SYNSES1ZED SOUND

0 FREQUENCY (1)  ——

S Relationship of the Spectral Characleristics and

lreauency with the Japancse svilabic sound

"
a

"

87

Such  cmergency informalion 18 normally offered with
an ordinary human speech on a vre recorded tape and plaved
over  the  public address sysiew in the event of a Tire
The noisc created by peovie in a vapic tends to drown oui
safely messages given over the nuhlic address svgiem which
makes  suiding  the cvacuces more difficult.  After con
sidering this vroblem. the wse of a specch syithesizer was
adopled {dee Fig. 4).

Use of the speech syathesiver has the weril that the
compuler may be  programmed to lel the synlhesizer LS
generale  messages  in any language such as Maglish., Java

nese, German and others.  As shown in fig. B the freaven
¢y band of the syalhesived specch is parvower than thal of
a human gpcech with high freauency specch comwvonents o
noved. This kind of svathesived soumd 3s less Vikely to
be  drowned out than an ocdinary human spcech.  Morcover
ihe  comvuler  can be orogrammed so that the doovs of a)
gucst rooms which the compuicer controls are avtomaticaliy
unlocked when emergency messages arc annonneed,

Mcthod for Guiding the Bvacuces bo Bxits

it s nob always a food idea for the person cosovonsi
hle for safely Lo guide Lhe evaciies Lo cuwergency exils
during a fires.  The rcason being thab his ludgement de
teriorates a greal deal from a lack of oxyeen to Hw
brain, causced by the smoke filled rooms and halis.  Thus a
new Lype of the aquick and safe cevacuation method as shown

Vig., f  was oroposcd hy the preseat work.  This new evacy



ation method i3 characterized by synthesized sweech an
nouncement and colored carpets laid at strategic rowles on
the floor of hallways. As illustrated, a carpet
colored in red. for examvle lowards onc end of a hallway
Emergen
cy elevators or staircase ace orovided at boith ends of the

i

and in bluc tpwards the othew cnd of the hallay

VIDEQO CAMERA
SPEAKER

SPEAKER

haliways, Secakers arce installed in the ceilings al cighi
meter intervals and annowncements teld evacuees to follow
the red carpet or the hilue one.  Sound pressuce levels in
ithe speakers are varicd so thal peoplse van know which way

Lo %o,

VIDEG CAMERA
SPEAKER

A 2 oA H oA

EMERGENCY EMERGENCY
ELEVATOR STAIRWAY

1 1
R

GUEST ROOM

oYY 7
/// //CVI 4
? %/“}/E///%w EIRE,

hDIRECTION OF EMERGENCY EVACUATION

EMERGENCY
STAIRWAY

EMERGENCY
ELEVATOR

ol

>
7

Fig. 6 Melhod for guiding the vvacuees

FIRE BREAK OUT

START EMERGENCY
GENERATOR

SUPPLY POWER TO

OF FIRE

CHECK FIRE

UNLOCK GUEST
ROOM DOOR

HEAT/SMOKE SENSOR

VIDEO CAMERA

ENGLISH, FRENCH,

THE INTEGRATED
CONTROL SYSTEM

GUIDANCE

CONDITION/LOCATION OF FIRE,
FOR EVACUATION

QUTSIDE
GUEST ROOM

GUIDE PEOPLE |
{N PASSAGE

GUIDE PEOPLE OUTSIDE GUEST
ROOM WITH SYNTHESIZED
SPEECH INFORMAION

FLOOR OF ORIGIN
OF FIRE

\

Y

—

GERMAN, JAPANESE, ETC
INSIDE

GUEST ROOM

CdS PHOTOCONDUCTIVE

PEOPLE REMAINING
IN GUEST ROOM

VIDEO CAMERA /-

CHECK FOR PEOPLE HONITOR .
REMAINING IN ROOM DISPLAY

EVACUATION WITHOUT

THE HELP OF OTHERS
No
|

GUIDE PEOPLE BY CARPET COLORING

AND VARIED SOUND PRESSURE FROM

SYNTHES {ZED PUBLIC ADDRESS SYSTEM

HIGHER SAHE LOWER

FLOOR FLOOR FLOOR

E‘L’é’\“ig’;‘f’ EMERGENCY | | ORDINARY *

ATER STAIRKAY STAIR#AY
o \ rescee /
STATRWAY j
| [ 1

| EVACUATION COMPLETED }

Fig. 7 New method for emersency evacuakion.
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A new type of the quick and safe evacuation method is
carricd out in the following manner

(1) Peoples on the same floor a3z the fire arc guided to
gafely via Lhe cacrgency slairway.

(2) Pcoples
safety

on floors higher than the fire are guided to
via cither the cmergency clevalor or the
cHucrgency stairways.

(3) Peoples on floors lower than lhe fire are guided to
safety via the ordinary stairway.

Proposal for a New Lmergency Evacuation Mcthod

¥ith the
items as

systematic and correct application of the
Tisted in “A New Tyee of Emergency livacualion
Mcthod” , the lives and property of Lhe hotel rxuests can
be adequately safcguarded. Yig. 7 shows the flow diagram
of the new Lype method for emergency cvacuation during ho
1el fires using the items as described in A New Tyne of
fmergency  lvacuation Method” . By using this system all
guesls will be able to quickly cscape the fire when they
arc guided by the flowchart procedure described below.

(1) Ifeat/smokc scnsors detect the location of the Ffires
and video cameras give information on ils magnilude
The doors of the gucst rooms arc immediately automati

ELEVATOR  SENSOR, TRANSMITIER
EMERGENCY ‘TELEPIONE

VIDEO CAMERA
CdS PHOTOCONDUCTIVE CELL
f

SPEAKER
REPORT TO AUTHORITY

cally unlocked and the publie address sysiem an

nounces cmergency information with synthesized speech

WCSSAZCS, The cmergency  generalor lhen slarts suw
piving power to the integralted hoted contro! system
cauipment

(2) 'Ihe presence of guests still remaining in their rooms
1 checked by CdS pholoconductive cells, video cameras
and computer.

(3) 'the
mess3aKes

guided by the svathesized sveech
and the colors of the carpets g0 that thoac

0Hvacuees  are

on  floors higher than the Tire can escape via cither
the cmergency and the cmerzency stairway,

those on the same Tloor as the {ire can nscape via the
cRersency

clevator

stairway and those on the lower floors can
cscape via the ordinary stairway

To make the integrated hotel control sysicm more re
liable  the
ation

new type of the computcriced cmergency evacu

gystem as  shown  in Figo 8 was used.  This new ¢
mergency cvacuation system ubifizes a completely avtomated
gystem  for guiding the evacuces.  ‘The computer should be
programmcd 30 that Uhe cmergency gencerator suppiics power
automatically 1o the inlegrated hotel conlrol system upon

the occurrence of a fire

FIRE EXTINCUISHING SMOKE EJECTING DOOR
FACILITY FACILITY UNLOCK

I ol fo

1 ] .
MONITORING OF TIE GUEST [BLEVA’I‘OR CONTROL l {RECE]@
ROOM, AND TIE EMERGENCY
AND ORDINARY STAIRWAYS

EMERGENCY PUBLIC ADDRUSSING
WITH SPEECI[ SYNITIESIZER AND
REPORTING

N
FIRE EXTINGUISIING/ SMOKE DOOR LOCK
BJBCTING FACILITY CONTROL CONTROL

[

| —_|

e e e -r—ircummuzﬁn CONVROR/MONITOR }—{mmm l

Fig. 8 New disaster prevention system

Conciusion

‘This report has discussed cmergency cvacvation in ho
tel fircs and proposcd an integrated system of emcrgency
evacuation which, wusing CdS photoconductive ceils and
vidco cameras. cnahles the system Lo know ihe status of
cach #uest room and how many gucsts stifl remain there;
perform cmergency public  address  announcements  with
synthesized
cvacualion passages depending on the location of the Tire

Introducing this system into hotels rather than presently

specch messages: and sccure three routes for

used disasicr orevention conlrol systems which arc counli

cated and unrcliable. will orove cffective for totai con

trol  of building activitics and save lives and onroveriy

not only in fires but in anv obther disasters
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