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Figure 4. Software architecture of new IDDD based on

node.js
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Figure 5. Test setting to measure performance

Iv.

We measured several aspects of this system by using the
test configuration described in Figure 5. We measured three
delays to check the performance. One is delay between two
LED displays, Display-1 and 2, (Delay 1 in Figur 5) , the
second is delay between Android phone and LED display
(Delay 2 in Figur 5) and the third is delay between information
server and Android phone (Display 3 in Figure 5). Delay 1 is
important to deliver information using ad hoc network
function and Delay 2+3 is important to deliver urgent
information as quicly as possible.

We think that the follwing criterias are importtnt to evluate
delay of information delivery.

(C1) As fast as possible: Disaster information sometimes
include urgent information such as tsunami alart and
earthquake alart. So that, information should be delivered as
soon as possible.

(C2) Delay should be constant: Sometime the delay is short
and sometine the delay is large, the system looks unstable and
may give anxiety to people who use IDDD. So that the delay
should be constant.

PERFORMANCE OF THIS SYSTEM

Delay bety two LED display

1200

1000

1 21 41 61 81 101 121 141

Figure 6. Delay between two LED displays (Delay1)
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Figure 7. Dela;' ot: message betweeﬁ ;\ndroid Phone and LED display
(Delay 2)

4.1 Delay between two LED displays (Delayl)

As described in Figure 3, we are using ad-hoc networking
between two displays using Wi-Fi (802.11n). Figure 6 shows
the delay between the two LED displays. There are two major
delays, however almost under 200 msec. We are planning to
set five LED displays in the school for the deaf in Miyagi, so
that the maximum delay to display information on all LED
display is one second. We think that this result satisfies
criteria C2 and there is no problem for the delay in message
transmission between two LED displays.

In our previous system, we used Bluetooth for the message
transfer between LED displays, and it usually took less than
one second. We can conclude that Wi-Fi has the same
performance as Bluetooth. Also, the range of Bluetooth is 10
m, but Wi-Fi is usually farther. Wi-Fi is useful for larger
spaces or buildings like a school.

4.2 Delay between Android Phone and LED display (Delay2)

Our greatest concern was the delay in the GCM and mode
change of 3G to Wi-Fi in Android phones. Firstly, we
measured delay between Android phone and LED display.
This delay means the delay of mode change of 3G to Wi-Fi in
Android phones. For this test, we used IS17SH (Android 4.0)
with DHCP to get IP address. As described in Figure 7, the
delay was 5.69 sec and there was no significant difference
among variation of sending message interval. We think that if
we use fixed IP address, the delay might be reduced.

4.3 Delay between Information server and Android Phone
(Delay 3)

Finally, we measured delay between information server
and Android phone through GCM. We used the Galaxy Nexus
with Android 4.0 for testing of the delay of GCM. We first
tested to send a message using GCM at an interval of 1 minute
as described in Figure 8. The delay was volatile and not stable
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Figure 8. Delay of message between Information Server and LED display
(interval =1 minute)
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Figure 10. Delay of message between Information Server and LED
display (interval =2 minute)

in Figure 8. However, by continuing to send the message, the
delay stabilized after the twenty-third message attempt as
described in Figure 9. Table III displays the average delay,
distribution, max value and min value. After the 23™ trial of
sending the message, the average delay, distribution, max
value, and min value became shortest.

Next, we set the message interval at two minutes. As
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Figure 12. Delay of message between Information Server
and LED display (interval =5 minute)

described in Figure 10, when a message is sent every two
minutes, the delay was unstable. Also, as described in Figure
11, the long-term trial was also as volatile as Figure 10. As
described in Table III, there was no significant difference
between trials for the short period and the long period. The
average delay for the long term trial in Table III was almost
two times shorter than the average delay in Table IV. We
assume that this result might be affected the lifetime of
cashing routing table of GCM.

In addition, when the message sending interval is five
minutes (Figure 12), the delay was more volatile, and the
average and distribution was almost the same as when the
interval was two minutes.

From Table III and VI, We can say that the message was
delivered in 3 to 6 seconds when using GCM from Table III
and IV. If we used Bluetooth, it usually took 8-12 seconds for
the discovery time [9]. We can conclude that the new system
is faster than the previous one and this result satisfies criteria
Cl.

If we would like to maintain a short, stable response time
using GCM, we need to send messages frequently (within 1
minute) from the information server. In addition, we
compared delay of GCM and SMS as displayed in Figure 13.
Average delay of GCM (Ssec) was 6.4 sec and that of SMS
was 12.4 sec. So that performance of GCM is better than SMS.
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Figure 13. Comparison between GCM (5sec) and SMS

4.3 Effect by difference of versions of Android

Figure 14 displays the effect in the difference of the
version of Android. This result explains that Android 2.2 and
2.3 are not suitable as the message receiver for the new IDDD
since the delay is substantial and volatile depending on the
devices. As displayed in Figure 14, we used different smart
phone to measure different version of Android. We measured
only network function of Android and it does not consume
CPU as games, so that the effect of difference of CPU is not
important for this evaluation. We should recommend that
users of IDDD use Android 4.0 or higher to obtain stable
behavior and shorter delays.

V.

In this paper, we presented an outline of the new
Information Delivery System During a Major Disaster for
People Who are Deaf (IDDD) designed by using a web
platform such as node.js. The performance measurement result
was sufficient and better than that of the previous IDDD.
Especially, the delay to deliver message is shorter than that of
the previous system.

In addition, we would like to recommend users to use
Android 4.0 or later to get the best performance. Our next step

CONCLUSION
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Figure 14. Difference of delay among versions of Android
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TABLE III.

STATISTICS WHEN MESSAGE INTERVAL IS ONE MINUTE

(MSEC)
interval is Trial (long) 1-3
one minute Trial 1-7 | Trial (long) 1-3} (after 23rd)
Average 4689.2 4015.8 33659
Distribution 1964.9 1368.9 403.8
MAX 10776.0 8288.0 4247.0
MIN 2389.0 2281.0 2281.0
TABLE IV. STATISTICS WHEN MESSAGE INTERVAL IS TWO MINUTE
(MSEC)
Interval is
two minute Trial 1-4 Trial (long)
Average 6243.6 6406.1
Distribution 2026.4 1854.0
MAX 15296.0 13223.0
MIN 2426.0 2428.0
TABLE V. STATISTICS WHEN MESSAGE INTERVAL IS FIVE MINUTE
(MSEC)
Interval is five minute Trial 1- 4
Average 6257.5
Distribution 1717.4
MAX 8999.0
MIN 2203.0

is to improve performance and refine LED.js and adhoc.js for
actual use.
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Table 1 Equipments and facilities necessary for
living in the shelter
Reserve battery for hearing instrument 20%
Large-sized TV screen in the shelter 18%
Spare hearing instrument 17%
Instruments for conversation by writing 13%
Radio set 10%
cellular phone 7%
Wireless receiver connectable with hearing instrument 4%
Infrared assisted communication system 2%
Magnetic loop for FM hearing instrument 2%
stc 7%
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Table 2 Equipment to get disaster information for
auditory handicapped person (Plural replies)

Urgent teletext system with emergency power 36%
supply

Hearing instrument receivable emergency news 27%
Portable radio set receivable urgent teletext 19%
news

Fax with emergency power supply 15%
etc 3%

Table 3 Public Facilities necessary for living in

disaster

Urgent communication net for auditory 33%
handicapped person

Guidance device to the shelter for auditory 23%
handicapped person

Urgent communication instrument for auditory 22%
handicapped person

Communication net for auditory handicapped 18%
person in the shelter

etc 4%
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Abstract
Survey of individuals with auditory handicaps requiring support after the Great Hanshin-Awaji
earthquake

Takao Yabe', Yoshikura Haraguchi?, Yozo Tomoyasu?, Hiroshi Henmi?, Atushi Ito’

'Department of Otolaryngology, Tokyo Metropolitan HIROO hospital
*National Disaster Medical Center
*KDDI Technology development center

The authors presented the results of investigations among individuals with auditory handicaps requiring support during
disasters after the Great Hanshin-Awaji earthquake in January 17, 1995. Individuals with handicaps requiring support during
disasters include Children, Elderly people, Handicapped, Chronically ill and Tourists (CEHCT), who cannot receive sufficient
disaster information or relief support because of physical and communication handicaps, and are thus likely to be injured. In
Japan there are 360,000 persons with auditory handicap and they are increasing year by year in an aging society. The aim of this
paper is to discuss the effective communication systems for individuals with auditory handicap requiring support during various
disaster situations. The individuals surveyed were member of a group for the hearing impaired in Hyogo prefecture who
experienced the Great Hanshin-Awaji earthquake. The questionnaire surveyed and interviews were carried out from October
2002 to January 2004. Of the 350 questionnaires mailed, 185 were returned, yielding a return rate of 52.9%. Of the respondents,
80% were more than 60 years of age, and the age distribution was predominantly younger than 20 and older than 60 years of
age. Most respondents had mild hearing impairment of class 6 or lower (71%), and those who had severe hearing impairment of
class 2 category were 15%. Elderly respondents with mild to moderate hearing impairment used hearing instrument, but they did
not sufficiently use that and obtained disaster information in visual form such as teletext messages, written notes and Fax during
earthquake.

After the earthquake, the respondents expressed a strong desire for the public emergency network to be expanded to include
teletext messages on disaster informatuin, guidance system to the shelters and communication systems in the shelters. As a result
of the present field survey, we found that the individuals with auditory handicaps requiring support during disaster include from
those with profound hearing impairment or deafness to those with mild to moderate hearing impairment should have
communication systems for obtaining emergency disaster information and guidance information to the shelter based on the
visual messages. We suppose that disaster information equipments consist of mobile network linked to the governmental disaster
information center and visual display system with alarm flash lamp and vibration were promising.

Key words : CEHCT with auditory handicap, the Great Hanshin-Awaji earthquake, communication systems for individuals
with auditory handicaps requiring support during disasters

HAREFKEESSTE 2009, 14 :75-81
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Table1 Eaquipments and facilities necessary for living in
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Large-sized TV screen in the shelter 23%
Reserve battery for hearing instrument 19%
Instruments for conversation by writing 17%
Spare hearing instrument 16%
Wireless receiver connectable with cellular phone 6%
Radio set 6%
cellular phone 5%
Magnetic loop for FM hearing instrument 3%
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Table 2 Equipment to acouire the disaster information
for auditory handicapped person (Plural
replies)

Urgent teletext system with emergency power supply 37%

Hearing instrument receivable emergency news 23%
Fax with emergency power supply 21%
Portable radio set receivable urgent teletext news 17%

Table 3 Public Facilities necessary for living in disaster

Urgent communication net for auditory

handicapped person 33
Urgent communication instrument for auditory 43
handicapped person
Induction device to the shelter for auditory 24
handicapped person
Communication net for auditory handicapped 28

person in the shelter

HARER RERFEREE 2007 12:214-219

62

BHPE SRR 1 o 1) B IERERE o S ER 4 O A 72
JE A 55848 B R E RN CId, 208U T A1
N, 20-3982 72T AN, 40-59%677 A, 60-695%6
FaT N, 70LLE19A5F A, F/-EEEERE
EERAHILOF N, 288 FH 8T A CTLUTF 3875
AN, 486 F 4T NER o TWDHDT, SHEOHEE
WEILT v r— P ORREZBER L PGk EE
FERIZE CKRELAZE 2L TWS &b
Nb, 7TEIE L OEEHIIFEER Y HH L, 108
TEEHBL TS LO0, 3EEEOHLEE I
3 FETIIZabr—larkeoTwb,
TR ICHBEICEEND B EIEEDIT4% L v
I BRI R T, KERERERE IR
BEEZLLETEELREERETH S,

K FHIEALHISHF AT REEHT CTH 5
DS, —FEETHEEHE W THBE L% 2 - 7,
KEIINT HEMITON &, FEAEEINTO,
Mol EEBEIIEEE IR SN AS, [H
BEHEOBABITERST%, BEIEITE, 30
BRETH 72 FEI124E10H 6 A 13E:304312
ZEd L7 BERUVEER MR, v/ o F 2 — F7.3,
mAEFeH (BEUEEET, HEH) CTHho/:
CL b B, B AR L ) B
HEITH 7205, SEOHFE»S L FNAME L

%o KEBHAFEIAEHAKEBHBRICAFL
TEY, HEELTXFEREEELFL Y=

a—A, B - KN, REZE»LHFL W,
TS EBUCT, kTOFEFTEHII LT
4=\ FEF L TF->TBY, BED»SHEE,
A, REZHPHEEEEZEOHE - £G %0
BLTWE S, FEK, HEHEHRFIIIVWER
B - BB SN EH S CPERLL 72,
KEDH A 7L IBWTIEREREBERD
T A XOTIENE S OB FEFLEMICEDL L
wicw, HKEHEOBE - KA REEHED
EREEINTWVEH, KEREREE RS
BEIZH-oThH, EEBEHSHERAAIZE > TH
KEHFOEE»SOLETKETHS ),
WHETIEH LY, RTFoHEMDLHIIZ2 I
ZF A —NERDE D XMENRTEY, BIE,
KA, BEFEZEICE > THEREREELD
FEAER TSR EN TV AESIZEH 2 TXE
BB TEATLILEZ RO Lk vy,
BEEERTICE T A EIZ T, KEORBEZOLOD
MRINEFEERTIE oo/ 0, BEHEFT 28
L -EIBEEBERSERT08% LD o7
7%, WHEERR I 3EIAE 2 TOEO B I 28R 1E
Bhhrbhaholb LTWwWh, KEBRIZEML
TIEMRERE RS, W T A — b, UFHE
Fa—%, Tr LA, TI7viraN), G4k



K LMK - At

BaE & ThH b,
BRI DWW, KEEHRIIFE 2 s oo K

PR, BEEETEHR, SR ik o 28 MY % WG [
PROEMEIR UL, BB, MEEAT T oORERRIL
EEE D /LKDTVX“}C’”% L RIS, Wl
B s, SEMAE, TMowmes, W
FEEER D AT aTdE 7 4 ¥ L A EH, 54,
OB, FMAEIESRHBEL - TR ETh o 7,
F 7z, SEEIHHMAREIIIEE LR E R B
OO EFEBFEHEET A7 L E, FEFHRAED
ZETRELHIELR, EFREREELMZ /7 7
v 7R, 3E‘?‘%§'if?’~f}1-k TRTHEEWH = 24

A BT EIEMRIC R L 7o W ERE s T B
EHOIOOBREEM Ay N T — s, WREEE

o BR S g
BB D RE E,

TRE B I P~ o0 N s
SR C O PR L o

BHIEE L AT LB ETH o7, F/oLT Y >
7 TR S 0 T AR AT 24 BRI FR B L TR
L\I\, I'TT )(:?ﬂ P,n -_4.—« i‘hﬁiﬁ P iﬁ}j}f’ﬁ\ 5{%

DOYRFIZ L - THEE
ROBEMNTHDH, MESRTHERHTREZT VL
AEME, W LT AN, AATFENR VO
¥, A r¥ —%v NATHE F‘**"’ EEHEH vy o
>, EHHMEBLZEORBIFEL LN,

15 P e —~’”“«K€'ﬁﬁ3 FH TII IR O H R

DL, BEEZ LI E A LRIZIT R o
EDOEE 75\%%\0 T L BRI, FEEERR
AR & 7L, FERGMER, FEBICE-T
WA & 20 7% o 7o, REFEEWIZBILT

AMEEERERHEL LIRS LABGEOREILSH
7o THE, R AR AT RE A B — rh S

il et o X, FREDVHR) T, B
M A, XREGEEL CTHED D LEEND
HEBEbLNS,

B I3 e f—rll“' R I L T, 3B
BRSO RE A RETRE, MEERT IS0 A4
1*“*’%$“C1Uﬂ7ﬁﬁtzf7 14X L AFMZIEH 4 L HilE

PROAAFIHE RIS L AR EE S
B THEHETE - EEEEIEE IR L TiE, FEEEER
RIFPOEMA E D24 H AT LY - T U T,

JEE kA BEEETSEH S 4 7T VIZERS 7

WHECAE S A HEWT RS - M O A — L, MEEERT
BT AEHRHBE, SREIZORL T VR

LT LY, BRI, HEW SCF A —
Ny o EREEROICH Z AR L7
1%‘2&%&73“( A= ENDL, VTR
THEBYHEL/LTEMEILETH L, &

KD 5 Euﬁth?ﬁﬁ&v wi= RV B N
dﬁz!/\/: LHHELEbh D,

it

1R R CHEE DS

63

xED

EF o BT TR S I PR B S R 1
%@%%&£%®EM%IW&LT¥&D%m
H6B@@Wﬁﬁi“ Iwnawmﬁm %ﬂ

NS o
KRE

@111%( ;Azso) L_T-T:F444% %otc li]
BHEERBIZ 20T £508 L% <, #1270

LU LEoOE#FENISZELCEF Sz, AEHE
(ARl L o> s BRI 2 v U RRBEEIEE 752.7 %, 6
UL T O rh & EEEEEE 2747.3% T, BEREEEDON
e L THRKEL PREECHBEAGET L HK
BEEERELT ZITHIIE 72200 REAE RS
7z, FREIZHEBEICEEDS S HMEEHIZ74% T
o Tz, HEHERTITREEE L A EE L2208 % LI
B2 o 7248, FHTESRRIZ3E2MEZ ¥ 05D
MBHII 2B E b B Lo 7o, TEREEHEH
A= vl LT, ERBEHREEMNETL Y,

IER A ZETT REM TSR, FER U

T X

7T A, IEH WA RIREEE T /7}'(/)@
B, NmyaiEkfis LT, B ;%i"’*”ii“‘“l,fﬁ T

oy b7 — o, BRI B R0 R o
WS AT A~ O BB, BT ‘@'l?“s‘f’-ﬂﬂl‘;&;—"/x
T LDEEND > f:o [\ %5 % 0 U C e v S R
”ﬁl""@?ﬁiiﬁﬁ\%)’é TR SRR, H DB
WEATAE LTV %3{[?‘ I b”‘“b*fﬁ’li)l
BYNCE L, —F, BIEEE SR E Tl
PO ILEIME , & LAFEBILE, ‘::?;g;
AR WEHGEN & F LY, HE L SHESR
WZHH > TWZT A S 202 % o 72, KESLE
FICBT AR E R ERERER XI5
’f&%%@hﬁ’ﬁio:%to Tid, FIFESR AR 0 e 2
VR — R SRR R & S, ?%ﬁi)"ﬁ?ﬂ]
T Y - MRS s » % = HEL T
AW H B EE b,

xf 5

BIEKFABTE 2 ) = v 7 bR b g
A, B [ EFIT SRR - XTL%/?*-}:%M
Hi5FIC, BHBEENE BRI et
EEHB-KRELOHEEL JHITEV - BE
HEFHT, BT, VAR, KRFAoH 4 1SGEH
Wz LET,

RIS IAMElRAT 7/ =4 K
S AR g

b & AR B

SR EEhRCEREDIEB TITh I,

J.J. Disast. Med. 2007 ;12:214-219



SIS 45 2 BB SN RS H O B A

R Health 2005 ; 15 : 170-4.
1) AIE  JEEBESE. JBESE 1983 ; 86 7)  Yazgan IC, Dedeoglu C, Yazgan Y : Disability
799-804. and post-traumatic psychopathology in Turkish

2) J’ﬁ’fé‘q‘:f.a_]L ’a/{fjﬁgcp}j ~-.-*;§ﬁ:ﬁ~j— .ﬁ_" -ﬁ};}: elderly after a major earthquake.: Int

Psychogeriatr. 2006 ; 18 : 184-7.
;l_g’-v)i,%{} 8)  Eldar R : Vulnerability of disabled and elderly in
*101- disasters : case-study of Israel during ‘Desert
Storm’. Medicine and war 1991 ; 7 : 269-74.
3) =g 3l 9)  Gillian B : Disabled children and their families in
'Jf-’ 0)15’*11&«3?\( & Ukraine : health and mental issues for families
R S UE B REEE O E5—. caring for their disabled child at home. Social
Fl A S A 2R 4588 2002 0 7 & 29-36. work in health care 2004 ; 39 : 89-105.
4) Takada S, Shintani Y, Sohma O, et al : 10)  Waterstone ME, Stein MA : Emergency pre-
Difficulties of families with handicapped chil- paredness and disability. Ment Phys Disabil Law
dren after the Hanshin-Awaji earthquake. Acta Rep 2006 : 30 : 338-9
paediatrica Japonica; Overseas edition 1995 ; 37 11) Joy DB, Rebecca F, Carol Ann RB, et al.:
1 735-40. Challenges and opportunities of nursing care in
5)  McGuire LC, Ford ES, Okoro CA: Natural disas- special-needs shelters. 2006 ; 4 : 100-5
ters and older US adults with disabilities : impli- 12)  Beth L, Anne H, Carter BL: Including employees
cations for evacuation. Disasters 2007 ; 31 : 49- with disabilities in emergency evacuation plans :
56. 9/11’s effect on the demand for information.
6) Deeg DJ, Huinzink AC, Comijs HC, et al : Work 2006 : 27 : 407-11.
Disaster and associated changes in physical and 13)  IUAEREE D REERSE L ICGEREKE. HREE
mental health in older residents. Eur J Public ZXEE 1995 ; 6 1 295-308
Abstract

Survey of individuals with auditory handicaps requiring support after the Western Tottori Earthquake

Takao Yabe', Yoshikura Haraguchi®, Yozo Tomoyasu’, Hiroshi Henmi®, Atushi Ito?

'Department of Otolaryngology, Tokyo Metropolitan Hiroo hospital
*National Disaster Medical Center
*KDDI Technology Development Center

The authors presented the results of investigations among individuals with auditory handicaps requiring support after the
Western Tottori Earthquake of October 6, 2000. In Japan there are 360,000 persons have some form of hearing impairment and
the number is increasing yearly with the aging of society. The aim of this paper is to discuss the effective communication systems
for individuals with auditory handicaps requiring support during various emergency situations. The individuals surveyed were
members of a group for the hearing impaired in Tottori prefecture who experienced the Western Tottori Earthquake. The ques-
tionnaire surveyed and interviews were carried out from October 2002 to January 2004, Of the 250 questionnaires mailed, 111
were returned, yielding a return rate of 44.4%. Of the respondents, 65% were more than 60 years of age, and the age distribution
was predominantly younger than 10 and older than 60 years of age. Most respondents had mild hearing impairment of class 6 or
lower (47.3%) or severe hearing impairment of class 2 category (52.7%). Elderly respondents with mild to moderate hearing
tmpairment either did not have a hearing instrument or did not use one. On the other hand, those with profound hearing impair-
ment or who were deaf rarely used a hearing instrument and obtained information on the earthquake in visual form such as sign
language, teletext messages and written notes.

After the earthquake, the respondents expressed a strong desire for the public emergency network to be expanded to include
teletext messages on disaster information, guidance system to the shelters and communication systems in the shelters. As a result
of the present field survey, we found that the individuals with auditory handicaps requiring support during disasters should be
divided into two groups, those with mild to moderate hearing impairment able to use hearing instrument and those with profound
hearing impairment or deafness who use sign language daily, and that communication systems based on different concepts should
be developed for each group.

Key words : individuals with auditory handicaps requiring support during disasters, auditory handicap, the Western Tottori
Earthquake, communication systems for the hearing impaired
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