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iSonar-2: An Obstacle Warning Device for the visually impaired
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Abstract

iSonar-2 is obstacle warning device which allow the blind and visually impaired
avoid dangerous objects from user’s head to lower body. This research proposes a
prototype of iSonar-2; a low-cost directional obstacle warning device using multiple
ultrasonic transducers with a miniaturized, high performance. To avoid collision, three
ultrasonic transducers with 40 kHz are used to detect obstacles within the range of the
user’s head and the ground, including stairs. iSonar-2 provides directional tactile
feedback with 3 DC motors that vibrate in different positions and frequencies,
depending on the details of the obstacle’s whereabouts and characteristics. The
coverage area is 130 cm forward and 100 cm from each side which makes iSonar-2
more practicable and provides accurate awareness for users in tough and pleased in

appearance.

Keywords: Visually Impaired, Obstacle Detection, Travel Aid for The Blind
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a

Heuldisundneg1anila Av Human guide vunedis yaranduguinisauniininuinis

Y

. . = aad & Yo a ] o o
AINUNANY Sighted Guide vuN8Ela AUMAMUUAINMIIAURNITNINITUBUAY A
3

NINsHBLIY A3UN 2 Fadumnumnedieniu widrdanvslianuvunensiuenuliniig

AIALIA mezﬁﬁﬁmﬂuﬁﬁmmzLﬂuﬂumuaméhﬂﬁ’uww%ﬂumaé’aﬂﬁ’umwwmsJSUEN

Y ¥ o

walANSALiUgineiAe aundanuiinisuesiufumuvdsiiimelagduiitenenues

Y o a = v = A A i o = 2 aa
%lu’]‘i/]’]ﬁLﬂuw']\‘iﬂigﬂquﬁﬁﬁﬂn I@UNLW@U@WLL@ﬂWWQﬂu@@ﬂIU TLUﬂimsﬂﬁﬁLfﬂﬂ‘WWﬂqimqﬂﬂqi

.
) 1% o £

@& o a [ [ ] = ¥ o a aa
wpauiuiudlnginnagdundedlevesiinig (@lua aauisesdng, 2538)
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Ul 2 MatFumeAugiiinig (Sighted Guide)*

2. MU NugYin19 (Guide dog / Dog Guide)

= o o = o A vy a I Y =
U n.A. 2458 NINNLEDIUY NﬂﬁjusﬂLW@IMﬂUWWV]V']iV]U']WLQUQ']ﬂﬂ'ﬁﬁ:jﬁUi'Jllﬂﬂﬂ']i

Anaduiielmlusuuwazlilddsn U wa. 2460 Ussmeeasiuldneds lsadeuflngivi

mﬂi’ﬂuﬁamiammLﬂaﬁmmiﬁgﬂﬂamﬂszﬁ‘i’wmﬁqﬂmimqmiLﬁumﬂami’]ﬂaﬂﬂ%”ﬂ

=

7 1 ¥olsa5eu German War Dog School fikflad Potsdam T w.¢i. 2468 — 2469 uralalsd
daia (Dorothy Eustis) ¥13euiEiu fianuaulalunisiingty slamumsludssmeieoasdu
iWednwn uaziinaudnfiavilngivdmiuldimsaufinismienisueaiu 3elddoy
memLﬁaLmEJLst'mmifLﬁmﬁ’ummﬁflﬁzgmaaqﬁmﬁmwﬁaa “The Seeing Eye” aslu
wiledie “Saturday Evening Post” Wiiaugainy w.a. 2470 wazlul w.a. 2474 s AUEHN
ati Fortunate Fields Tuiiles Vevy auluiigalé$urunmuunuin “aseuvisaiivtimme” (The
Mother of Guide Dog) U w.A. 2471 wiaNes3a unsed (Morris Frank) §N1SVN9N13HLY
ousfuldsuunauves wislalsdl Safia innrwaulsluzeswesgtvimisdafiunaly
Anwnagiinnsldatimeiussmaaiawesuaud Tnefinfugiiuiusieminoda (Shepherd)

Y

Fotan (Buddy) Wessudndaudnlfimumendueninidenily U n.a2472 wildisy
ﬁ@éjﬂ@uéﬂmjﬁ%‘lj’]w}ﬂ%a Seeing Eye Guide Training Center 7iiladua3an1ii] %’gﬁ’maﬁﬁ
warlu T we 2474 Ussmedanquléss Tsadeufinatiuimad ne. 2094 Ussinrosainside
Buflgudfingivtimisiidios Perth U w.e. 2505 Ussinmeaawmsideldans gudiingdai
mafilvguasiifodeunniigavesssmdluie fifs 16.25 13 fdles Kew wa’u Victoria #o
Royal Guide Dogs for the Blind Association of Australia Ha21nn153498 U w.@. 2503 1ag
@usj Research Center of the New York School of Social Work LLasm’mLﬁuﬂJaﬂﬂgaau
O&M FauaAuRn1sN1anN134i AIAULTUIIUNONIINNITAUNNAVFUINIUEY {TANI3

*NIMWAn “Basic Sighted Guide Techniques” [Online]. Accessed 19 May 2016. From http://savh.org.sg/basic-

sighted-guide-techniques/
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namsiiuildginimsaunsafunidldegisaznin Yaende uassindimnninaiedis
9E7198U (30N 3403, 2547) MsHngrvivausiazAldIaIUERIn 17 Wou naeain
Andeniusaiulauwaids dou Wugieesdu wwwese venwes wazyia (Wudwlng Jeau

s
v a

mueaRenTINiugivimeeiu (§lua gauisezdng, 2538)

g‘dﬁ 3 MsiuMeAUgtudmIg (Guide dog / Dog Guide)*

3. msiaunleglaldiniyr (White Cane)

U a Aa [

annmylaaud wisssdaduesd suduasuliaunnisnianisiulglaninvnlunig

43

a <

Wune Wivnamdnareludydnwal sssiinismemsiuasusiududuun walifinisiln
Wllivihuusegelad w.e. 2488 UulfdAgliesaniinisilingeuiviauduneiv
annndeukaznsimasulyl (Orientation and Mobility O&M) TfuAURN1SNIINSLTIU
= Y ¢ s = - a N oA
lsangruradaaduosn (Valley Forege) tnszlsangutaunsilogyuiiioanugainile &
s ufniviniusasinismeanismivainnsvhasesududiuaunn & es. 59150 8 g
1395 (Dr. Richard E. Hoover) #81u3sn1sgudnisundaiulsaneruiauiall lddanadiuay
Anrsmemsiiuldldwinlidu q aidmdnunn wndeluunlsnedsaziUzazs nanaull
AUNILANUTIULSINEIUIE lwkazangIsRndaLUadldvinlrenTu duinindosas ue
wiawssuaglaeusiunianisduldivinaaiunideindie q daluil uihamiuazegnans
o o A [ ? U =X ado ' v & Ao w aal Y Y U a

a1fanszAuldudn F935aenanlaluiiugiundidglunsaewisldlivinvnilviuauiins
nenmswiuludagiuauldusuiuuindy “Oaunsliiinnnn” (The Father of White Cane)
wazfiodnTuil 15 naren veanUiluiuldvinuland w.e. 2503 a1nn1slannasinisiln

Winwg O&M 1ldlunisaeunuiinismensiuiaiiadgmiunisiin Jeladinisvinidewazii

nadlaudarindundngasnisaenin iy Inefin1sUnaeuivn O&M MInedeusddiu
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(Boston College) §aun1s@nw1azlaqdin1sfnyn 138041 “Peripatologist” Wa
WINeFEIELTSY TBwNY (Western Michigan University) §aun1sfinuaglindinis@ing
\38n31 “Orientation and Mobility Specialist” Tutlagduign 0&M lawasyiiantiuasy

weunsluantunisfnyivesseinadig q 93 lan endnasusedideiugyiazaeuivil
Aol

Ul 4 madumalagldlsivhan (White Cane)*

nsnvineensvenuduesivanmiIndeukasnisiadaulmlulssmelneieedl

N34 ﬂﬂﬂ‘lmﬂLLﬁwﬂﬂU’TJ“U’]UVIC‘I’NUﬁuWIﬂ LU ﬁﬁi%@L%ﬁﬂ’] ALY LLauE]uIﬂuL‘UEJLUUG]u W6

v A

fid qma Christoffel Blinden mission (C.B.M) lé‘lwuauuauuuauaq Mr. Thomas James

Blair NL%EJ’J‘U’WQJ}GU’YJE]E]EILGﬁLaEJ llﬂ‘ﬁﬂ’ﬁ’é]‘lj'iuLUUﬂﬁx‘iLLiﬂiu‘th%mﬂ‘lVlEJ TngnaInsAnefiley

Y

=] & Yo a D2 ¥ o A DY =2 Yo o
nsuangayfnwdudneusuivy 0aM liuaasuazEinnuineesiumsAnuiineum

o & Av - v DA a I Ay v
veaUseimneda UgYigeusy 2 au e uadu wiuden Asn(linsiuuiueana) wagliian
auUTHIWIN 13 Au luhsnatugivimehilneusukagyiminigeu O&M lviwAauiinig

2 A oA S A v D a o £ 1% 9

Memsiiudiiiies 2 auwitiy fe ueuany udueen uazwelegdnd yyinan Jagdu we
wdy windey JWwinennsuazilisangaienaannuiliuiyrainsiivihauiesdesiueu
fiNIM9N1siY samvaauiinsensiuBnmennstineusuluasausniy deulad ns
Hnausunelulssmerdnrangasilagasuasiinnuieitedagdauuuegieves Mr. Blair Tu
nsRneusudr O&M Fanaaledn Mr. Blair W “Tauivivianuduaeivaniniindey

wazmaadeulmvesUsemelng” (ga1ns sdns, 2547)

veillagtuddnnundnussivguamuriend (adaw.) laduasunisiinevsunsaeu

inye O&M SMUIMENFUTIVENT W Inedeuding davanansousu ARNYTINYe O&M Tu

*NIWAaIN “What makes the walking sticks used by blind people unique” [Online]. Accessed 19 May 2016. From

https//www.quora.com/What-makes-the-walking-sticks-used-by-blind-people-unique
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Faustl . 2554 Fedlagiiu Wudyaansanlsmenuiams 4 il oaw. uasdwdhil
padnsfliuInsiugaussnnneuRnisnamadiu - shusame  lneiveinaidengdiui
oA wiouady ududey weamamung vd wariinnuvesinedesvgan Jedasilnvinus
0&M nszangagmilsangtuian 9 Mussmadudiuiumnn snnluniidunng adas. s
Fdunsdasaudiin O & M MU dnsing d anene

Aun1venIInAun1esenueslaeldldiinieldinidnwazadieldivinundu

1
Aa Ya a

WAL sazidleliuunifigAawmadaluy o lunisiunadegldlivn welvasainuas
Uaeaduungadu insizuaiuatiy aunivealdisainldwinnundatng feldvingld
v t4 A v 9 o & a < Y o ad A L= ! a ! v
Panivsaiagldvnduiunaniududiu Bludiddsaunvenseumataig 9 lunisly

ag19gndes wasiunslagldldivihegsaemnuasasnsie T3gn15asil

3.1. Wiwhilaglaumuvesltazsiosmss udause livainuazlilvgannauiuluaisgs
Mniuivlussiulnassewiilvauaziovesauniven

3.2. Julfivnlivangliivinegdraviin nansdrdszaududn wuudansaudliings uaz
Fiwmsnaevidetioldivhognsinanwidely Wlidedndrmianussnugiaziinnsmie
Bosluduladunis

3.3, Laduliivi Wilefiadariliiui egiliudundenaniuly Iiaduuuluny
daugnvedliivih 8n 3 deedhdulivhussautuiavudie msduliivhaassulaluy
warvatuAnlunazis Anulumuanuevesiiiinazdsvenldauniueansiu
paeana ity Uaneliogila

3.4, wyuiheitdeliivhmsvidennseseseidniosuazuuudi diuloegiumih
nanadnTIzIsteliaunvanaunsawndelivinaauadigie v lawindu vilvaumn
vemdumaduuanssbedy

3.5, msumidliiviluuuiutnemii agiilaglivaglivheginsaniiy dWeadndes
whlivdosfsandainunady foudu waum sy

3.6. mswndaliivilunn Tedeulniamnsdedewiiy LYUITeYTlaarAITITINI
Tilaneldvhuneiiu Sremh Weanddalumedudneuassuaanei o fu

i

3.7. Uanglilinasunsdiu Lun o) windu ieduldli@aiuy nanfuuwazainisasus

Y

ANUIANTHIWINNLEIWN (feedback) wagliimsunzangliivinnsenuiunse 9 ws1ze1d

lldiudanananiivievisenauusegtamin
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3.8. Budunnialiivdrsamedimditoy wdasvnanldiiunziuling
gudne desufndessnipulienuazunisidivhluunsituneiuen wleufuwidne
asmssiusazdlefaanesniiu vasoatuiunidl i ldunsitunisiude ssduls
Tmnadeiifiniu aeliuasifasnsenuiuiiundoutu vsasfundssivilurviode
Foarilugudnenses aduiulunaen seaseduiugiunsiidewas gl
drsaafiudoudainase Sadenmadaiiinisunisludranti 2 9a (The Touch
Technique) adlumadafinunuenldlfivhlunsipiumeenludrsueneias faiu aumn
vendsansndulumunAldlagld33 (@iua gaufidsedng, 2538)

3.9. 1Welsivhnsznuingesuiiadu desaghimiloutuduinliaunueansiuliin
Juesls

3.10. fhAunuaadaInIsnsud livhnsenuerlsmadeuliivinlududatagiu
wazU Ul leglunuamsuarldiiedndnemis devlumunnuenvedliifaunyuingiu
Fapupuenasaildiesazsimininldldiang

3.11. fefesnisiusevddladmils asTdliivhdisafienvesinneuniaduly
wuvgue Asliliviidsiadns q vertemmandnideadeifdfnvnauazuulaiviudin
wauuaudLAuselY

3.12.lofpsmaAumuuuadeing 4 wusumgsumaiu Sdusasnddaeldls
Wi Fadenisidin nsldldviduanzuun nandiuasunislivilinsenuadhuun 9 ud
wnianduludndundaniioudmznsdunisunisldiiausssun nsldldiviniuans

wura et luldnaiusuauuiistuldliiueanlunarsnuunadawaulianiSaerian

Y

v v v 4

Wuazdsan ki lute o Trdudanu nafunieauutanils dudntreisduiaiune

o
(%

vioidenianglivinduiaiuovuvdn delafnuddniasliivhdudatuiiy auu 2
p¥s uanvinsidainsenuenauy (@iva gaufidezdnd, 2538) dumaRuanziuauneds
warddu o firdeadeiy WEEnMsfuliivhonddudunuedalunaiaiiaunven
fouldiAunianieluennis (Diagonal Cane Technique) ( W.H Jacobson ,1993) flefidu
wiosagasaiufung Banuunssludnant Gavia 4 fldlituifouuulunnaldivi 1
Janelsivhuseszrinsfiudureutunaun q madusiesludnunsilsivhazegunsdi
Hudumues ogrinslumafuniihvszana 1 $rauau M3edsvana 1 A1) lel3useniiu
nenenusnysusaans Ul vy

3.13. Wihaheliaunueansusmumimendstulawszvaule naaztudulaas

Ianglivihdrsnngadulaneulavdrsiannugs mnudnwazaunitavesiudulaneu
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pa0 LonatazastulafuReITuAadTI9NauARALDRg L NEwA R D TN AT 19T LAY
AR VINTIY
3.14. feuvziilseastdlivhdrnanasuiuiiedviegnsinarsvesusegnou lng

Wil 9 mnveudeluveuen Wlvivangldvnguinmdmsedlumuninudu

4. madunndgduadlneglulsldvihuagsii) (Solo Technique)

1%
ada

FBlmunzdmiuaunveadiiunisilninuensianuduiasivanmundes
(Orientation and Mobility O&M) snegsfudatiuies Jacobson 1997) naiieusisléliivh
ogagndstaglinunUenIfunskazindeuineldegsUannde urlilddieliumsui
vouziiu ey iilunashdsagluuneadm femnidnduegnds finasdesianniinug

AnuAwpeivaninwedemnsziluinweisstiglinsuineed w 9ala daauduius

'
a 1 Y

fudasing 4 seuilnvaziuegils eauunidesnismauinuesegiilnuanninueg
drenld wid1imduaunivenvzdeslduszanduianie q 928 Feldun nasila
msduifauaznsaunaudenumueangioniinlivssamdudaindesgliunniitoslnasyinli
mTUIheuduaeiuas seu q duldunidiesiu uagiivils fsaelinduias

v a v g | a a ,vo a1 &
ﬂ‘Uﬁ\‘iLL?@ﬁ@ﬂfL‘Villﬂﬂaﬂ’ﬁﬂn&“;ﬁa@ﬁnﬂﬂu@q@ (I}\ijmﬂ) mmﬁmﬂ,ﬂu

[N (%
aa v U ¥

4.1. fuhweesmauiveadulumuanunidesnisvany 9 A31 MEIENISIAUNIS

v YV 4 f-:ll

ugmnegnees aasdulumeiu fiinisaisuenidunnsig 4 iaunveansiuiveli
a A d":{l a gj ¥ U d' a
LWAANINUI BN UNNANDS (Mental Map) U93USIMTY TakaznauiinumIuanazaunia
nan s luddnaaunnila winisagaudles 3 4o lown vazliduegnlnuduigs
azluunisla duagluiitu egsls msrzannaniuns 3 9o agyinlimieIuHunISAUNIg
wazAndadunenuidnuazaelduinou M3endukunates (Mental Map) Minlvidngan
duneeng 9 Nazvglmandmelalazdnifianieis 4 ia Ae Aewuile vidla Aenziueen

waziiAnziunn draunivaafun1slaeluadefedsdig o asnannotaiilinieivainisla

(e AsUSBRYEY, 2542)

q

o

4.2. aunveamsazriniulUiedlaglgliviusgimenuluie vaziuaunven
AsUTIEETEaTdEauaza U fefuanuiiedunisnuniuaudvesnuiedly
$e wEsniiy eunvesliuiesesnsdasy lnefifivnmudanadoliulaiueldddam
1o 9 udaluganuitlval 9 vende am%"li’mmmuﬁgﬁﬁﬁuagjﬁumm%’u%mmamuﬁ uay

[y

ANNANNTOVRIAUAIUBALDY Aty Tuudas Tuiimiemsasulsssezdy 9 nouudirey 9
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diutu flazdesauninunagrildesnaisyaniam Fnsiazansaildvodennagly
anuifinduasiduegei wiasfuldrdeuaainieluthu viesueu feuSou iefan
oududuuszdmniu wisndudeddfimadelivhusdosdinataiag q lendnides
maduruardunseionintu 1§ dwsuaumueaiiunmsiindnuenishanudues
anmuandeuunduegned Tumsianzuwinaznisldinaialosiuiiewnduegbiui oz
ansnsaumssesmedliognsiliianznigluetnavindu fruenera serarildfinudy
wiadsegluninuguavesgasulIunitvziuladnviatuisaiunislaniuaieegned

o £

Useansan (@iua anuiseydnd, 2538)
5. madulaeldaunsalvienimidiannseiing (Electronic Travel Aids)

nsiun1en1sidinsesfiodiaanseding wuneiuniasiiauntvealdlunis
Aueilania [Wugunsaluendsdawindendegdraminvesauniuennsiadudsiaviideg
szuudyrutdsanion nldussamudaniuaoueiaunIuenNIYgIg LEunI1TlenIs

duaziiou d@eedayna nsduda Dudu

2.2 gunsalvaeimneBiannsaiing (ETA: Electronic Travelling Aids)

A1 285 Eruaudaiiruunnsssmsmsueadiuluimnyalan 39 duaudsn
vanLadn 246 uau iuaumenideuss Swddliivihvnvieadalunisima udidud
Udemeiidanani Wannsatesfufisusnareniediuuueemnnunanmssy 1693193
il Thesauszdime wieinsiidaeg Asduld wsedald Tnelanzegdian mundely
Sles ot Sallvniseuasndnsneidondudldnaluladsine q wdaelunsnsradudin
1719 WU sruuivuadiudsuulan (GPS), Lawwes, ndes, uwazadudvsdansiledalunis

widgymiiveldlmAnnsvuianany Asgui 5
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UM 5 gunsaiaedmnauudiannsetindlulagiu

o '

dwsunmsldisseysiunusuuiulan (Loomis J., 2001) lalddygramiaiienlunis

]

szyiuvtsosunNIsIMsuestszmsaamndeulumsszysumisUssana - 20
LAS %ﬂiajmmzaﬂumiﬁ%ﬁqﬂﬂiaﬁma‘lumﬂmﬁmmﬂé’ﬁymm GPS laawnsaven
suwidluanmyiesiilala Jserafndunseiugldanu deanfiawifeves (Oh S.M., 2004)
¢ldaTetnelnsdwitefiontislunsseydumidliaigmnnty  wifidufiiudeansd

[
2 ada v

dyaailvsdnitetiodina deldladndduyniiunuagsidsliaunsavendeyadefinuing

Pahvesldanula FHdeddldmnganlunmsuinldanuase dsgun 6

Vibrator & LED

Unsaluenieudsinvinalagldnmssyydumisinlan

CaN
(=t
=b.
[}
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Rowdesuiseildinadananaweslunisnsiaduieinuing Benjamin J, 1973,
Yuan D., 2004, Ritz M., 2005) 3’%mi§ﬁ%’af51ﬁm"luﬁm%’ﬂ:ﬁmmﬂiauﬂqﬂumimmﬁu?qﬁm
gmafiesnnuasaediiunmadudunse ﬁagﬂﬁl 7 ylviAnauendioraidusunsedmiu
Aldaula

a ¢ = a a v v ¢
EUVI T QUﬂimU@ﬂLm@uaﬂﬂﬂsU'J'NW'JEJﬂ']{LSULLaQLaLGU'EJi

11388 (Rodriguez A., 2012) w@uen1sindassiuiuaasdalunisnsradudainuang
Tnsmsaiauuuassaufidtusiievenitoudsfininsfeoglussogiitmualaglfidesan
yilsisanstrdlunisvenifeuluaufidesiisnstunussesnisvesisingng doideves
pUnsniifedsnnuutiug frwalguasdldouduiuionironfunesuunlitms

YOIRLFTUIIY AIFUN 8

JU# 8 gunsalueniieudsiavinemenisldnaedisle

6 U A' a 1% d' a [ a v d' U 1
qﬂﬂimmaﬁmuaaﬂmnNmaﬂaul,amaamsﬂszjuﬂ mg‘dm 9 INNITTIVTINVBYALUY

) A A kY = . N £% YY)
99N UUABILUUADLUUUDNLADUAIBLEEY (Audio Feedback) LLaglluUUdNABUAIUNITAUNE
(Tactile Feedback) Aiagnavesgunsniuantiaudsinuinenloides (fukube T, 1991,
Shoval, S., 1994, Aguerrevere D., 2004) gunsalaenaniildaduidesdanslatinlunis
o a o Y N A W v 2~ v & v ' ] '
$FIIUEINAVIN GuaLasmammiﬂuLaaﬂumiuaﬂmauzﬂmm %QQUﬂWi@WI’Nﬂ’WL%U‘\]SI&J

4

a1unsalduszanylunisiladesdanndenegndulaluvugldaunsalll dmivauidy
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(Ulrich 1., 2001 Wuvusuddnegnuargliivinvesiinisininfiveniiewdsianvinemie des

Y
]
=

Joinfineganunsavenifoudinuinlilanizszdu Nusiuwitu (to K, 2005) Wugunsal

= a a A v oaaA e o @ w Vom vy vy yaa A a a
UDALABDUTINAVINNLLUUND °U'E]Lﬁﬁﬂ'&]@'ﬂﬂimusﬂqLﬂum@ﬂlﬂm%ﬂ@i’lﬂﬂ\l@LW@G’]S'JQ“']?NT’]@?J'J'N

agnaenIaT LavgUnsaliiuminuineag

5UN 9 gunsalueniiieudsinuineeniuidesansilelia

[

dmivaunsaliuanifiounieszuuduia (Bouzit M., 2004 way Shah C, 2006) L1Ju
gunsaldslidansilalin 4 dlun1snsiadudeinudneis 4 Aevne mesnudng, 931, v, way
Auasve i Iduewesdu 16 yaiienisuendmumniavesdinuinanaiieiy Jeldeves

gunsaiuiifeodndudeddnstindulunisldnuluegiannnitasannsaldnuleaas

JU# 10 gunsalusniioudInAvuBadlve

uafmﬂﬁé’ﬁﬁﬁ%’ﬂﬁgﬂﬁmmamﬁuwamﬁm%ﬂlu@qwm}ué ﬁqgﬂﬁ 10 Miniguide
(GDP Research, 2013) ilugunsaivuaidnueniiousnessuudunioazideniduuunlayilad
lasimUsyan 330 WSegyansgy K-Sonar Cane (Bay Advanced Technologies Ltd., 2013)
fldanunsnigunsailfnl i livesinsldiasueniioudaiaumafeyilenaUsean
700 Wisguanise LaserCane (Nurion-Raycal, 2013) lfiaesanuiilunisninaeudsin

YIEMSUTEAUATYE, SEAUNANRIUNTI LayseAuans 517 3,000 WASURYEWSEY 21T
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lpgunsalueniteudsinunademaydnmuadndidsaunsauiuluvililaddngag

UﬂWSI’eJ\‘WI’Nﬂ’]iLﬁu

asUdaunnsanniasihmedidnnsaiindnillullagiy

1. gunsalalug lanunse Jesdufswenagsninmediuuuvesminiannsey dhe

%4

357195 @bl Dresausednnie wihensiilney Aeduld viesale

2. msld GPS Manunsaldmuluanimviesinlalavaslianansavendeyadefinuing

Prantveldanula

¥ o U

3. mslduasawes dvedrinlususaiicnunseungulun1snsaduaaiaving vl

a = < [y ° [ ¥ [%
Lﬂ@ﬁ!@U@@sﬂﬂ@WQLUU@U@i'\Uﬁ’]VﬁUEﬂ%QWﬁL@

4. nsldndedifle Swinanuuiug, Tvuevauazdldnudnluioswuniimvinues

poumslindnlithmdwesldnusme

v o Y A a o ° vy | < | P
5. MstgdssluniseiLfaudsnnung liunnsasmensiuaglianunsald

Usgannylumsiladesdandeusgadula

6. gunsalilduenn  dududeddnainisilndulumsldnuduegiunn niee

aunsabtaulaasIng1sUasnsy
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onfeEn WuRduEsinmEY v = 340 WwasHoTuT (u gmgll 20 oen
wandea) Turaenan t= 20 Tadiudl fuasiums S = Vxt = 6.8 weg lesmnseesving
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lolowns 2 wnSosvenifeudaiavindmsuiunnsosmnenisiu  WWunisesnuuy
gunsaldemaluladiiiod uisauasAINEinig  Assistive  Technology: AT lagend
£ 4{' :5 . . dl' Y o
VaNNSEaNKUULNeAWTNIa  Universal Design: UD  Liveldinunuiinienisesniuy

sudnualvesgunsallviaenadesiuinguszasAvesldauate

walulagduiganuaraan Assistive Technology: AT (Hersh MA., 2010) tJunns
fenilaeinluiinseungumelulad edesile gunsal naln M3UINS S2UU NSEUILNNT Uas
mMsUfuusamnedentiienislinuvesinisuazniodgeeny lunmsienvuzgUassaid
dsma ans1syulnanazgUassady 9 ilemsdssiinededass anmnsalddingaudugauly
dennuazandufanssuang 9 loleedieaswazandy @a1u130dnngunanduginaonIunIg
uinslagenaiivisdiudimdontu lilddmunvouvauendaaudu 5 Uszian laud 1.
NARATinTzuandn Mainstream products d1m¥uUseansiialy 2. ndnSueiiieuiagy
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WAndeInsTuandne1Ivreenuuulnge dendnnsil 3. nAnduangulAINazAIN
Assistive products lasuni1seanuuuLiievdnguassadmsudiinisuasygeeny 4. wansda
Wuwlanm Rehabilitation products aanuiuuLiion 15U TUNNTBIVEE
a o A va Y] 9 a o ¢ e .
N3 evongnsenuszaudymidnuguain uazgaving 5. ndnduanianisunmg Medical
products lasun1seenuuuiiansauAgunNIsUfUR Ui uguamkasativayun1sinwg
UszaulamiauauaineaenaugUigluguuuunng 9 dely windadueigiueanuagain
a (% e‘d’lj o/ 1% J = (% 1o [y IS (3
wazKdndaaiiunaninazgnldnumienguuszvinsfediu wasreiuludaingusvased
= a o 6o o Y A v a Ay o ¢ ] v )
esanuandneidutgauazaIniiniinusudagul fauiussendneadldarudu
¥ dll (Y ' o Aa A a (% ¢ o v
annuInaeNiieYdInguasiafig 9 lunsasadin vausindadugilunanin viawing
lnenssligldnuervusdodndnvesninuiinis Balunindumalulagsiuigaiiuasain
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AOUAUBIMUABINITIUNIVIRgUasIAUNEILMS o LA luan mwandaunTn ulunsly

SURAR U

dmduuunAnnisoonuuuiiiennuwiniiiondu (nasan wysduana, 2557) Tuusga
AA1950 Huduin  andederrunaiafunisumg  dueigiitusnituasdeand
Usgnauseuszunsidanuvainvansludeguain iasugiusuazannsgudin Saduiin
yosmuiushlun1sesnuUULiieReUALBsALABINNTUBIAALNENUSEIINS [EElRN
ATOUARUUALHAIIAMN NI 3T nB ety dwiulseimaavsgoimiduduiuia
uuIAn Universal Design Hu éenamisanasnsiulanadsfians asmsminiuiuayasesi
Ao dluganunenelunisitumammnsinudndielfannsnegsufugBuludsa
ogsliifiosilafiauazsznevondnld naenummdeulynansiloadesdvisaniuazyy
naulien dswalifinnseanngneiionguusssnamanifidesdusatiufunsiunauam
nsiinednuardinuaaasig MseenuuuannwIndeuiimanzaunatsudulssduddy
DEIUYIITINNITUTEYUTEAVTIRIINENITIUEANITIY A.A.1958  Msivuassidey
wasgIueIAsTiuntsanguassadumeniniaintuesnaususss felugndusiuves
nseenuuuiiaiunsiansanimwindeslimnzauiiegidanuunmsesiusisnieuas
Fahlgulovenisatdvayuligiinsluaandy guasuavawaunsandugnisgualag
asauAfald vil¥iuafAn Barrier Free Design mssanuuuliguassaunsidinde) Bunszane
anhegussmanimuuduasTidovimisudiaugeiouluglsiuasdUu luga am.1970
mslfuuiAanisitun  Normalization  ilelduundizuduanaunuiiudoguauiniuas

UszinaluglsUundiumufanigewsn gaglminniseeusuauuanF1uaz Uy
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viruaRiAafuginIsigsenganumesnugunmanduUssdiudaaunisalvesdsay in
MIYsANMEFNUMIeeNLUIlaUsEvNSIviatnvaneg nseenUUULioNsLings
Accessible Design  uwaztfuidundausnlulanfimsesnuuuiiunumdrdyiungmneues
anfgeuiniluiivesieuluiiovssadvinalles  feonguneiedfinsaty  a.A.1990
The Americans with Disabilities Act: ADA finiasguazienvusiosufuanalunsuiuuss
fuifiAntestunsisnuitluduassusasduyana Lidnaglasunielalasu
sulsznaatuayuionn  derdmunidsnisnimuesanuiinseusguisandeanisliiud
fausmadieen swezsndu nufehumidedeietl gunsalig g Asududens
fise¥in  Bdlunimiulutilaiege  A.A1990  ngsmdeuitieadesiudimsldvonsu
aruddnydumaluladasaundfiuduatuayuiifosmenadosiunisiiuyfiadnenm
semseenuuugunsalisstinvesiinslumsdeasuaziinfedoya  tethlugaimuin

) v o/
Wisniuwaglonaludsau

ANUNITVBILUIAANITODALUUAING Universal Design 7 Us¥n13989 Ronald L.
Mace anuiinuagmansarsdsmouiiuglifinuusaduanmtaedelselualous o
17v AlFFumasiauiulugagn aa 1980 Wudun WWun 1. aunsoldeouldlpowidey
fu 2. auBangusesiunislinuesnguilifivannvaefisinuaussnnmuazausey 3,
Bouiglidudou 4. feansteyainladie 5. densldnuiananlisunsietesiian 6. 11
w31 7. vuranasiuildnudelidideldie amnsnasuidunisdanisaninuindeud
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Sududedligunsalativayuitu maaaiesaidu ﬁuﬁ’;ﬁuﬁmﬁaﬁmwéaamiuaaLﬁu Ul
Tumsnauiudeduloniadlunisasuadaanuimnudila venedszaunisalvesuwnasynng
flazfidiusnilunuvainvatsvesuyweruaziiiensysanmsliuidametisnaunduy
wnzaslufuaufisnelaannsldnuagaunianim dvluniduanuiiuivesuuian
UD vhlanainga A.a.1990 Wuguun Welenmalviinisaivassdgunsaluaznisuinmslml o
Frumaluladansaumafinevauadlfiiunnudomnisduiestafmualumasguiiof
fins feudulenmamsgsislusesunnuinanazdunalnduindeuasugialunoufuiuns

(% aa o

gnIEAUANAIMIInLArdmSUUTEINABINgY N15aT1elleny Inclusive Design Tu @./.2000

doulunisasuliiiun wsinvesn1sesnkuundndue N15USN1T wasanImwIndeu Nfeq

A11130MBUAUDIAINABINISVRINGUE LSRN aelanTaUARUNINTIER

MsoonRUULIENIaYY Universal Design: UD waanniufivensusgrsunsmansuas
Wldnisujifedradususssuludenguuneunazideisnneenuuu (Schulz, R, 2013) 14
iauefienulagiluin UD Aoniseenuuunaninsiuaydsnndouivneuaansaldldegaiy
UsrAvsnmlnglisuiusosfunosonuuuibuiiem wnAedlfsunsusulsaimuntuan
Usgaunsahianusenuuuiltinaindnnnsniseenuuuliauassa Barrer Free Design uaz
MsoonwuUTIasld Accessible Desion Tnedaduiianidestuiludnufidanumainane
msoonuuliiasnarudndudesdaruianudlafinhernuasdndaieatunguusseing
A uasalasianzdadosuifsianies 81y (Kroemer Karl HE., 2006) iiloaniiouluniny
Aoin13veIn1seanwuuLluiiiayd niundndad animwindenuasn1suinig Jedunnfe
flB13199911590NUUVLYY N1598NLUUATOUARY (Inclusive Design) N1598NLUULTHBYNAY
(Design for All) LLazm'ﬁaameLﬁanﬂi’a (Transgenerational Design) U1san1un1saignldy

Wedeaununglun1senLUULELARIAUAUNITDALUULNBNIa%Y Universal Design: UD
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AMAEAIN  WERSMTVINITEdLaznEniagiiunanin (Hersh MA,, 2010)

Tuthamemsssiiiun faunsvesmsuiiindndiunisesnuuusendnns UD
gl ludsdsenogauniviarestu amanssndndsausuduludmuanssuaunis
9BNLUUNARATY (Baxter M., 1995, Ekels J., 1995) fionduimaluladsiurgaimazaini
asounguingUszasAmumiildasslugnisnevaussnnudesnisidedale nmdnval
sufsnnudesnslunisensgiuaunmdinedsdeiiledunszuiunisoonuuuuazsnan
fimsvenennudenndn UD Wunszuumsiteifindneninnisldau amanasadowagns
fausludiny RouauewaaIIUNaINNaIeLaETaLANANATUANTIONINUALTINYEUD
uyud (Juiidniauisduiinuuendsseninsesnuuuiiiematuiumaluladsiuae
ANNATAIN YIYVLILVDULYAVBINTADUAUDIANUABINITIUNITANTITINVDILNNT Hadeny
v3eUa8 lundnisemansuazUadonyed (Karwowski, 2011) sen1s81ulgaAuYlIeinge
wazaedediinainanimsvnmelundniniivslevildaosvesndnsusiuaznisuinig

nanNN1seanLUUAIe UD Miunldlunisesntuunaniusisnuieninuasaindaduniseie
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wUauINsEANNfsInsmalulagatuayumenisassiiinnisidaumalulaglaegiami
Wieafiu WWunisysanniswannisesniuuiiieniasu UD wasinalulagewisanuasain AT

Tvaannananulunandoe

MnmRaLdowy ndnnseeniuy UD dsunmsiausliuiuusilag (Steinfeld was
Maisel, 2012) a1mAudishifios 7 Usen13an 1. awisoldauldlaeviniioudy 2. A2
faveusossunmslinuronguilifivarnnaetesiuanssanimuazauvey 3. Boudl
Fudou 4. deansteyaitiladng 5. Wensldsnuianaralsidunsiodosiian 6. luuse 7.

Yuaaznunlgudelmantaladie Inomududu 8 Usynisaadl

1 1Ud1%197181UTNNY 5895UANLLANATSTBIVUINTNNERALTINBEAUFIUNTE
AlTU93
2. aue Wulvmuanusesnsldnulureunveinsinuuessaniewasnisius

[y 1

3. msgnting Busulifldanusiulaideyaidfauardndusenisinaulaaninsaiu’
lelngdne

4. vl MilvinszuauldanuwaemsujuiRnisvesndndusidaaulingunse Tilany
Heyvmeyed

5. quame advayunsasasugunm vandesrnuidvthsuaslesiunisuiniu

£ o

6. Yysaunsdsn U URdennaumeauATILaEANUTANGAS

7. Audiyaana1n lan1admiun1auaeniagnIsuanIaanm LA YBUTBILAaY
UAAA

8. ANUMINzANADNIAWAY TAAUAITNLAALASUAMANTIT AL TNUETINLAE

USUNVDIEIINAD
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foraue 8 Uszmsdanan Teaundnnislassasvesteyaiidfyuazsnduseonis
9ONkUUMENaNN1S UD nszilunisnevaussiondninuidimizausazdiglianse
fmuanseunsvheuiiiivssAnsnmdsiuuassadunsteliannsaiadinisooniuy
U539 I UszaAn1sensziuAun mTIn Mmensiilsuinunisiidusnuludinuazaunioe

115IUNITEUN

LUIANBIATINTIYTAUINTNNTORNWUUBNIAYY UD uazimaluladdnuigainuaain
AT el munaduniseanuuuiienanindia Design for Quality of Life 7Il@sunisiaus

Ine (Schulz R, 2013) leagufienuvesnanindiadi 1ulasiasnauwuininufnvesnisuans
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fiN13 AIUNANNIRTFIUNITOONLULIDY (Lewis, 1985) Femanduisnieuthanldesnuuy
HANSURENSURRNITIILEN  dUSUTunounTeonwUUiLUGTUATURDY  TUABULSN A

Y

Funsumaifudeyaanglian (Gathering requirements) ifleflaziFoudaudosnsves
fdnudntymiluTiauss s fuiifntusasnginssuvesidduing dutuneuiiaesionns
thesdaruiitoguazanusenisvoslicuueenuuundniumideowiu  duneufilaw fe
msthdusuudesiuhlUlvgldnundudn 4 ldeeddase dutunouaninefonisuiuvlss

sULvURAn SN teRvuverltiUady

3.1 maiudayanudasnisangldeu

dmsunsfinwiiuteyaniudenisnngldau (Specific Requirement) H3delafinw
wasnudeyalymarnduansesmemsiiu - Tegldweiianisdunivaluaznouiuuaauniy
Tnswdsnsfiudeyadu 2 dw dwwsn de  nsiivdeyadulgymdedialunisly
FAoUszdriuangiinismsaeniiionisesnuuunsyinundnuesssuy  nefiugideingy
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maiudeyarmunldnguiiegns 100 AuaINNIsKUINGUfIBElneNITdUNaufIEd
wuutunilanungy (Stratified Random Sampling) A1n&nsduIwILUTEVINIHUANTES
NaNSIIUINY 123,157 AU (E152918dINNUARALAIIR W.A. 2557) MAUATUIAVBINGY

H9819RIEUNSN 1
N

=1+ NeZ (@un1sn 1)

n

Ll n = WWIANgUFIBEN, N = dunUsedinsvianun, e = ArAunaiaLazou tnelu

[J

d'dy Y o1 w & 1 gj a < 1 [ a 1 [
PiMvualivindu 0.10 w38 10% wustugiiluaunquauanvagauinsasyiedy 91N
msmnnaunsanaasuliindeddindudiegrsduautusi 100 au lnswiadungy
F1ENNRBUTINTUATINIY 60 AU, NRUATUBAATINTUMA 11U 40 AU LLasmﬂmiLﬁU%’aga
a 0o aw s v va 9 | a | a0
f\ﬁwmwnﬁlEJmmiaLﬂumagamﬂ;ﬂwmﬁwmsmﬂm 112 AU ARagRYaYn 37.3 U @

Ueauunnnggy 16.27 1aeddnuiugin1sangniieus e 67 au Ain1sauenaiv 45 AU Ha

< ¥ [ A =2 A
NINUVBYALTAINNIATITNG 3.1 99 A9 3.6

a ° va vy ' Y &
AN 3.1 muau;ﬁl‘wmimﬁmEJW;ELW(JE);@I@EJLLUQ@WNLWﬁLLaziszMﬁJmL‘Vm (n=112)

FZHUNITUDLAU/LNA gty N 57
uanain 23 22 45
HEUTN 30 37 67
3734 53 59 112
M15NT 3.2 HAFITIVTLELIAINITHUNDBNUBNUTUYBIEANITNIGE 8N
n1sAuNIeanUanNUIY AEn gegn ALadeY S.D.
Twdav 1 7 4.45 1.95
Palae/u 1 14 4.78 2.75

a ° a a v a
MITNN 3.3 Nami?f\]L‘V]ﬂUﬂVﬂ‘ﬁumiL@uwm‘fU@%IWﬂ’]iﬂ/l’mﬁ’]‘fjm

WATANISLAUNIG U (AY) Savazannvianun (%)
Tl 23 20.53
Tg5imng 35 31.25
Tgldvinuninageiinms 22 19.64
Lilgldwihvnuasgdmie 32 28.57
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oA daulgauy ALRAY FTAUASHU
NSYURINAYVY Py
NINTFIU (ATWuY 1-5) | 21NN15LRRY
PUNTEUNNEINAVINTATYY 1.01 2.7 Urunang
PUNTEUNNAINAVINA6 1.10 2.9 Urunang
YuNTUVNEsRnveasly 1.09 3.1 Uag
HEAR/ANNNIANTEAY 1.10 3.6 Uae
azne/anvule 1.20 2.9 Uunas
M137 3.5 Had15IINgAnsIuNIAUlIUTEandUNaveinITEnenn
. . dauisauy ALRaY ITAUAZLLUU
nslduszamaua 5
NINTFIU (AzUUY 1-5) NNI5LRAY
Tnsilades 1.01 4.2 Uagann
Tansdura 1.29 3.7 Ug
Tgnsaunau 1.17 3.1 Usg
T susiu 1.39 3.2 Uy
oy 1.22 3.9 Uoy
A5 3.6 HAE1TIINGANTTUIUNTNNGUNTALATU VRN TN AN
.. drundeauu ANk FTAUATHUY
N1TWNgUNIAULEIU u
NINTFIU (AZUUY 1-5) INN5LRAY
Tsuvauzsumnn 0.83 2.4 Uunas
Tinszitazniey 1.34 4.2 Uag
GREIGLLIH 1.35 2.1 Uunang
Tolnsdnvidene 1.08 4.3 UguIn
Idgunsalyiluasy 1.61 2.6 Urunans

Nndoyansdsnliimunaunsatunasuilulseiuanuddgluanudenis

o
Y v A

van (Functional requirements) ﬂﬁﬂ@%ﬂﬂﬂi@ AN}
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\WesnnAadenisiaun1sesnIINUIUTeEinIsneaenegi 4.78 Filusdeiu

2. gunsalmsavesnuuulviaansaldivldvihvnvesinismeaenle Weswn See
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N9ANTEAY LALIANIZN19ATEAULTRINETINTNSaEMTUINNTIgR

4. gunsallidmistnnunisliuszamnislaguvesiinismieneniiosaInauiin1mig

apeldUszanmsiledesnniaaisuivussamdulanu o
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angnnlunsznasnienuduniseRdndusan1sesatinuseaniu
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3.2 N1599NWUUTSUUUDNLABURINAVING

lunuidell wellan1sagvounduvandesniunaudssdansledagnldiienis
M3193UEAAT119 (Murugavel R, 2001) Usznaumesidsnautdusdanslaiia (Ultrasonic
transmitter) UaesaduidsslunuoiniAnazSunauldssiidzNounauninislayfisuaau

a [y [V

\deedansalaila (Ultrasonic receiver) mnultuvasaduiasisunduildaduagiuingiui
AduauazAuaudRnTanduARuEIRNMY SraenesEnImsudinaudeanleila
wazingdadudsinuinaiunsaswalinnnaidssasviounduiiuazamusiveaded

Talunsmunialuenid Aaunisn 1 wag 2

Veouna(m/s) = 331.3 + (0.606 x T(°c)) (@unns7 1)

Vsouna(m/s) X t(s) .
2 (@uns9 2)

D(m) =

L(m) = cos(6°) x D(m) (@unnsil 3)
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TN Vypyna ABANUSIv0 ARG UAITIAUN S IUD N ARLI81UA SADI U7

T(°c) AegaumiivesmiAluniigasewaidva falunsiudeuwlasaumgiinn 9 1 °C 98

9 Y

Tianududealuornimddeuly 60 wufiwns/Aud 19 D(m) Aesvegnieseningiisuds

Aaudssans ledauazdennuing (Distance) miaiduuns, t(s) Aonarfinauidesdansd

v o 1%

Tedialdnarlunisiunisannsdraudssliudinawazasiaunduundsssunaudansile

q

A (Reflection Time) lunieiundl Megragu sranusudedueinmavindu 347 wasee

17 lugaumaiivies?t 25.9 ssmwaldea uavszeviafldlunsagvisufe 7.5 Tadiunil

[V 7
v

AU FLEELNNTENINPISUAIRAUD ARG LANUFINAVINLYINAU 130 WURLUAT N9TLSN
A1U150AUINTTEENeTENIE L Tharve vy L(m) laainaunsi 3 laglviyunn

nsgnuwiniu B esenugui 16

Front view

JUN 16 Sriimsvihaunagszern1nsITudnaveegunsal
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nsianszuRsadudiareilflunideivanduwsunind 17 Hdumosn
$udsadudansiludia (Sensor Module) fu US-015 fanmil 18 Vanunden aosyrldiilald
nradudsinunsluseiuienfvdisue (Top zone) uardnassyelilunisnsiadudsiaung
sgiulfahsIufsnsineszdu (Bottom zone) dmiusiudsndusanslodingu US-015
Iauwiugggn o gaumnil 0 - 70 ssrnwaidea luszey 2 - 500 WwuAling $AIn1svinau

3y 45 83N

JUT 18 Wuwesiiudsndudansileda (Sensor Module) ju US-015

[ v 6

dwsunmsiaszeenns  lulpseeulnsamesazyinisdsdyaaiadasingadunm

10 Tulas3un?t luiien Trig veaduwasisudwrmaudansilaila dyanulniriazlunseduld

A q

'
o ! A

[ 6 o LY a 1 a a a a 1 o A

Wuasisudinau danslelinUdesrdudes 40 Alaldsnd dwiu 8 gnadusentunie
9MmA Magun 19 dleduweiiiudwaudansledaliiuaiudedasvieunduinizasy
dyaadliihaedngioeninine  Echo  veuduwesilunamuideddlunisiiums

[y

avviounauun (Reflection time) Feszeziarfnanazgnanunduuluszsesnesening
Wumasisudindudanslatianazdiaunddaslulasroulnsaans Nethhilaaarnusly
= fu w1 Y a o Ao 2 & A o A a ) Y] Y}

e smsudwraudaniledaianueddidulujufedumuiiediu  1513esadunis

[ ' L] a oA [y Ly ! I 4 1 Y
mauwraziduaivag 25 lulasiud WeteaiunissuniuiuessmINug s LAae?

o w B35, Bus Stop @ ™ Measure . waw 2. 2\:1Bms Stor# ™
v _—
vpp
1: 3, 28U
2: chan of f
Wavg .
1: 1,150 Transmitter Pulse 4
2: chan of' f
Frequency -
" 1: 48. BSkHz
2: chan of f .
Dty Cycle
1: 48, 25%
2: chan of' f
Rize Time
L L 17ius Receiver Pulse
2: chan off |5
@ 25us EDGE FDC T 8=1U S8aus @CHI EDGE FD
21@. 44 7Hz B8 = Saam @120.474Hz

SUT 19 UHUNINNTINNUYDITEUUATINTUANAYINUUUFR AN



39

TR T

JUN 20 vesaneaataunUIEasA Arduino Due

Adeilldueianeasaounyseasd Arduino Due fagu#n 20 Faldmiieuseuiana
Atmel© SAM3X8E 32-bit ARM Cortex-M3 84-MHz Iuﬂ’]iﬂ’JU@Mﬂﬁ‘ﬁN’mMﬁﬂ dmiuyn
Sudadansilatialuusingiauu (Top zone Sensor module) agasdyaalniinlunsssuyn
UDNLAOULI9UU (Top zone Feedback module) sagvinlwssuvdulinulTuyinauasLile
5EE¥N195EnINedeinvIeatunt1vegldauiudisudedansiletiadddosndn 130
WURLLAT d1nSUMISUdIdanstetia USIT9a1e (Bottom zone Sensor module) dutin

v a o [y = d’lj 1 A a, A gj [ 6 o z-;’ ) [
715793 UAINAVINITLAULDIALUIUDINUAS Laeilatlnn509A5Iws g uwasitazyinn1sin
P ¥ <, = | | = 1
ﬂ’J’]ﬂJQWENE;IEL“IN’mLLaﬁﬁi’NLUUi%EJSﬂ’]iLGI@U“U’Na’NLQWW‘Uﬁﬂa L(m) Fslaunannsseznia
FEIEIdUTeSTaURULAYIANNTENU D(m) Asauni1sh 3 dmsussuvdusioutisans
(Bottom zone Feedback module) agisuvanuiiasseemsiduwes nldtasning L(m)
LAZTTUVUFULADUNIIA9TZAU (Down step Feedback module) agvineuseliloszaz 199
< & % 1 1 o [ q:/ &S a 1 n' n'/ 4:1' .:4' a 4
HuweTInlaunndIAl L(m)  @vmsuyaduiauusiame o asisudunainu 120 8snd
wazduwsainvulUIuis 240 1B3nd Feluediuszeenanialasenitedefinvinadugldau

mmgﬂﬁ 21

Voltage (V)
04 08 12 16 20 24 28 32 36

4

)

240
== Frequency| | | | 27"
200 == Current T

160 T
120

o]
o

B
o

Vibration Frequncy (Hz

140 120 100 80 60 40 20
Distance (cm)

JUN 21 nemuanIANudIRUETEnIeTEEEN 1R sIRTuAinrnsiumsduiiou
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3UN 22 drudsenaurne 9 Y095EUUUBNIABUEINAYINN

dnfudulszneundnvessuuuenifteudsnrndlumddeiviadu 5 daw dsu
i 22 Usznaumeyaniuau (Controller module) IdmsulseuIananIuAunIInTIRTULAY
nafeudsinuainun fsudsndudansileda (Sensor) HaddRaksdunii 1ddms
asvdudsinvnsluudassuisadugiaun (Top zone senson) assfalddmsunsiadu
AafinvnasziulenfafisurIazta9a 9 (Bottom zone sensor) apsialidmiunsaadudaning
seiuaslUaihnufmasineseiu domnfeduiduszuuduieu (Tactile Feedback)
Fouawasduuuu 3 Taadt 80 faduouuus Anuidagean 12,500 seustedundt dsldimuann
nfasauInuuiundauneld aosgauu (Top zone feedback) ldmsuiioudsinunns
sefuD uLafsuy @o9gauinninanavds (Bottom zone feedback) THdmiuuonifeuds
Anunsseduienadluauisiiu uaransgaana (Down step feedback) THdmsuuanitounis
fasediv Yasudstayaliane (Bluetooth Module) $u Tinysine© 2.4 GHz l¥dmiuditoya
nsnsradudsinuinwenduwesiudaziundilusunsuianaluneufinnesiionaaey
UsgAnSnmwesszuy feguil 23 dmiunislindanuvessigunsaledil 1.02 Yad el
SaufuLUAmes Ni-Cd 4.8-Thad 4,400 Sadueud mqm{[ﬁﬁmuLaﬁaxlumﬂ%ﬂmﬁy’ﬂﬂagﬁ
Uszanas 40 Flas uaglfoudeanodld 20 $2las gunsalfiedsuTinudiidisuunesdlilag

anedas Wmtnvesgunsallnesineyi 526.8 nSu
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JUN 23 wsgaeupuvdnidleseiuyasudeoyaliane

3.3 nMseanuuUUanwalnansiual

nseenuuUsUanunifendnniseonuuuLiieauisna (Universal design) Sudnnsd
dfny Ao mssonuuukiielsmnauasaldaldedraviniion nande anunsasessunisle
uTuAneng Aulunquymnasig 9 fifaunainvaneduinsnenasinye yenaninng
sonuuuLiieruianadunsesnuuulsgldannsaldnuldlagliiilndanignuuen vie
Sndooninldnudu 9 lumaifug viunvesdsaulnedmianisionlaldluduidy
8190 waziingnsenrsimundseruisanuazminlueians dwsugfinig ymwanin
wazAUYIY W.A. 2548 ladniseentaninualunisesnuuuliog e dniay wAdanIrUARI 9
wanihfuiesdormuadumiutasads Silsiaunsonovaussnislinuvesinigldosig

1 ]

A Wneanzgiinisnisanen Mdunguiiinisndweslonianitginislunisindouln

q

wagHAN1TMaNTlagu

nseenuuuUdnualgunsalleleuns 2 Tdwalulagonwieanuazainioeliyldau
a1u1sasuilaenisngiadudinvienunivesldanulawuuaiudia veniieudaiauing
] ! Y] = v oo % % S Y a v oy v
AILATEAUWINAUDISEAUATYEYR 1Y Meadudssdansileda Tdauluaniieigldau
anunsaseuinislidgunsallddenues insldnudulymudnuarnisitnuvesgunsel
mensAnwAuaikarnegauiiedtugunsalluBanalulagduieaiuasaIniysninis
wuIAnn1Teankuuiieniary Mildnseuaudnuasiieuladmiuniseanuuugunsnl

[y

(Baxter, 1995 waz Ekel, 1995) Mia@1u1savinauaanadosiuiinianisidanu vwuindadiu
$19N181A8LANILYINTIVBITEEENITAINUAYUANTUSA VTR AaenaugUnIalang 9 9
N v - 1% a 9 a a 1Y) ¢ o8 v 1 ¥ a = =

Neades ienisldauluviundsnuidaasunindnualyldou ldwaliiinanuuiouiioy
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ANLHUNIS

S1UALLDUANIIANUALUIAANITODNUUUNAR 9]

1. Mmuafeulusnu mssmans Ergonomics uaziladuanwd Human Factors
n. aussanInseniegldny wuindadausienie viamng Slemuanisldausis
20951 Aewld vaurluasnddld yuuasfiafifuuansldnuvesgunnivay
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NIOULLIAAIINITERNWUY Schematic Design
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n1seanuuuldnwalndndaeussinngunsaidiannselindatuldnnnifng
(Wearable Product) fdnwazisuduainaislugaieusn femsimusifnaznisiniig
Fuvtinnuiaesng 4 vestudiudidnnseiindfivimihfinevaussaudesnisidasyans
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FnquszasdiBsmasanuuugaanunssa: Usznaufeaadusznauiiugiu 5 Ussns
lowA assauselevdd (Utility) Udnual (Appearance) n1sguaungesne (Maintenance) 5181
LAN1edN (Reasonable price) Apa1sn1nanwal (Communication) (Dreyfuss, 1967) WJu
LﬁmmaﬁﬁﬁigLﬁ@ﬂﬁﬂﬂﬂﬁ"ﬂﬂhﬂﬁ@@ﬂLLUULﬁa;:JU%ImLLazﬁmﬁm AIUNITATTUUND
Ufduriusseminsuyediunandneiuazdsnndon meony guadie assafudivedldniu
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INAVBINAN N UIUTENBUMEY 2 @IUNENAIL

1. Usglavldaesi@anionin Physical/Practical Function lWemuuaAREINIn15911974
PANVDINARN N
1.1. Uselevunan Essential Function YiMvtniaudannvi19Uaantiegned

YLaNTNIN
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1.2. Usylewtises Supporting Function au1a dmtn JUT193UNTE LMangausanis

auldnnn Seudnisldnuldieg wlwsmumusenisldauluansund gua

a

U1395nwaeaIn TRV ANNIRBEUSLAALAZENER
2. Usglovuldanuidsdnla Psychological Function tiieasieauiiansla areau
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<

AMENURINNIZYRINEAAMI (Product Specification PS) (Andreasen uag Hein

1987) UsznoumeasAusenaunaniiugiu 3 Usenislaun

1. 919az8unTWIZANUADINIT Requirement specification Vo uuaLloInu
A gvu o Y A P v o 14 o
eldinaulandunsesmadentunmsuilaymvinsmiuingussasanisinny

2. NTIN1598NWUU Design criteria AasauTURn3anmn nvaINansiusndunael

NATUNUDA-TBLEYVDINAITUNITODNUUU
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Product , -
Project: iSonar2 Date: edition:
Specification
factors demands properties dimension/details |remarks
Utility
PCB on-off controll 0.5x5.5x7.0 cm
msquu warning detect by sensor L-R, body |dim.0.5 cm
aTiudsiaun
Lasiiou warning by vibrating motorgdim.0.5 cm
power rechargable battery: Li-lon 6-8 g
total weight 78 ¢

Design specificatiol

>

- usability Msliny

- aesthetics A
dI8397U

- production

ATIUTENSHER

- novelty

safety Uannie

efficiency Ussandam

convenient d@zAn
maintenance U1333n¥1

Amanwal

WAUINITADEEA

water resistant
AMUNUIAAR VLS 1NNY

ATIIUENAVIISEAY
STV MY

ATRIVENAY NS EAUM
NNSEUUST MY

Funountsld-nen muay
PfUUAAET hAuELanA
energetic and sporitve
clean
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Fekels, 1997., Alvarez & Ritchey, 2015)
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N153LATIEAUENEIUTIFUFIW Morphological Analysis tagnuaualy a.f.1966
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2. MIASANRTNIATIZARENAIUTIFUFIUINGT Morphological Matrix 1iaTANI3
¥ = ¥ = a 6 1 =1 3
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A5l wazasadulule
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inesilelumsnumunisiamneenuuusudnual msldanu Usability Uszneunis
finrsuilenumunuimaniseenuuulsiussainguszasd (Nielsen, J. 1993, Nielsen, J.
2012., NISTIR 7432, 2007., 15O 9241-210:2010) \ilesanaaauifdennnmluifiieites
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NISNAFDUNIUADNDDNLUUAILLUUTIADS paper prototype
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FURBUNINARBIRILUUUSIABIWBIUUTHIUNTRINT schematic design 3 71
Junuvaiwdsey 3fn5298u819-21 wardansraduiiansa 590811 3 Tu Fauewnes
Fuaziitou $19-v210USadILULIEIE) 32111Lwiu'msﬂ'm@ml,amwmL@@?LﬂwmaLﬁsn
W RmuIUTUUTe as19uUTIa09 schematic design 3 A wag schematic design 3 B Wi
MvuagUdnualnansiue fensaduusassidedunn 5UT9 gUnse dhwein 330519
nu fannsavildogamniuasiumui Wioenuuuldidlaanmnsldoilduniy was
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Schematic design 3-A [paper prototypel: 177015793V L18-U21 LAZAINTIVIUY
8191 WU 3 Fu Muswesduasiiou 419-vI1U3INTNENEY TIULRUIRIAIVANLAY

a & 1 a
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g‘l.lﬁ 37 Schematic design 3 - A [paper prototype] nagaudwtsRngUnsaliu
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5U#1 37 Schematic design 3 - A [paper prototype] agausiuniaAngunsaliv
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gll‘ﬁ 38 Schematic design 3 - B [paper prototype]
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;51]17; 39 Schematic design 3 - B [paper prototype] nagauswisingUnsaliu $19Me
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Schematic design 3 - B 1 Horizontal

Schematic design 3 - B
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g‘dﬁ 41 Schematic design 3 [paper prototype] nageusLMUIRngUnsaliu S99
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Top View
Top Top
Sensor ' Sensor 100 cm e
Top Left / \Top Left
Feedback Feedback
' 80cm
Bottom
Bottom Feedback
Sensor
Diagram Side View Front View
JUN 45 duvlainsiasgunsaluasaiinisnsiadu
+@I|: Feedback : ‘
Module [— M1 &= Trig1 | §1_. [ Sensor
- ) ' Module I:Iﬂ
Top Left =° _Echot | 1 Top Left = >
= N I . :
+ Feedback c E ﬂ' . Sensor : Q2
: Module = — M2 Qo Trig2 Module __'_I:I[] — 3
Top Right O O Echo2 ﬂ Top Right [— n
o S ; 2
— . . : (o)
+ Feedback p— . ; ' Sensor {
Trig3 ==
Module  — M3 Module :Iﬂ
'@Il: Bottom Echo3 —l_*— Bottom [ >
120-240 Hz — ——
Vibration Freq. Reflection Time Distance
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o o . , 7A168 | IIUIURY
a1au 18N17 FTUIUNUY ,
niae (v )
1 Air Ultrasonic Ceramic Transducers 3 150 450
2 IC PIC MCU 8-BIT CMOS FLASH 20MHz 1 45.75 45.75
IC DUAL OP-AMP LOW POWER, SINGLE SUPPLY 1 12.03 12.03
LIN-CMOS PRECISION DUAL OPERATIONAL
q 1 11.27 11.27
AMPLIFIER
5 Vibrator 3V DC Motor 3 50 150
ELECTRO MAGNETIC SPEAKER
6 1 451 451
5V,50MA, 2048 HZ
7 LED SMD 0603, RED, WATER CLEAR LENS 1 1.19 1.19
Lithium-ion polymer batteries
8 1 120 120
1,000mAh 3.7V
IC SOCKET 08 PINS, MACHINED PIN,PITCH
9 1 3.56 3.56
2.54MM.DIP SOLDER TYPE
GENERAL PURPOSE TRANSISTOR
10 2 0.53 1.06
PNP VCE=40V,IC=200mA
GENERAL PURPOSE TRANSISTOR
11 3 0.53 1.59
NPN,VCE=40V,IC=200mA
12 ZENER DIODE 1/2W, 2.7V, SMD-TYPE 1 0.59 0.59
13 HIGH-SPEED SWITCHING DIODES 75V/200MA 2 0.36 0.72
14 | CHIP Ceramic Capacitors 50V X7R (0805) 10 0.23 23
15 | CHIP RESISTOR 1/8W 5% (0805) 30 0.1 3
16 VERTICAL SLIDE SWITCH 0.5A/50VDC 1 10 10
17 Printed circuit board (PCB) 1 100.43 100.43
18 3DPrinting Case 1 1,000 1,000
19 ET-SWITCHING ADAPTER 12V 0.5A 1 200 200
20 Battery 3.7V 760mAh NB4L NB-4L 1 150 150
s Ingaudevilagunsal (un) 2,368.00
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AUNUNITHANIILUNAUAN BRIz YRINEASMAN (Financial cost)
drudsznevvasiuyunldlunisudsduavsendndoueiudazeiin - (Cost  of  a

Manufactured Product) 9¢Usenaumgingauninss ALSHIUNINRTT wagAlddnenIs

a

pan  daanfiansanlusmunsnensiidudiulsenauvedduainal Usenaume 1) IngRu

q

a

(Materials) wiaduA1ingAuniemsa (Direct materials) vanefis Ingaundnildlunisnds

q

wavannsaszyliegtnuinldlunisudnduavialavlionids  luuSauazduyuminle

wnsdnduingivawlngildluniswdeduisiony 9 waz TgAunieden  (Indirect

a =

materials) vnefia JngAvee o Mnetedaenisdeniunsnandud wildlyingaundn

9

wiodngAvdulug 2) Aussau (Labor) wuslu AMTI9UN1AS (Direct labor) vianedi
AMIIWAN 9 Innelisnaununiegndeivhwiniinesiunmsnandudidisogulaensy

suadumusanuidswuanndafisuiuausauneeulunsnanduavitienids 9

(Y] a

[ [~ 1 1 o Y a Y o I3 1 v
L.LazfmL‘UumLmﬂ’mmummﬂumiLLUig‘UmmﬂmﬂuaummLiﬁ]gﬂ LAY ALLIINIUNND DU

q

v [y 1

(Indirect labor) %1889 ANWIIIUNLNEITDINUAILSINUNNPSTIN T IUNSHARALAT 3.)

AlT918NISMER (Manufacturing Overhead) ATlF918ASHER ¥UN8E9 LTEITIUTINANLTINE

a

F19 9 MAYITRITUNMINENFUAITILNMLDIINTNYAUNINTI AILTHIUNIATY WU Tnghu

q
V990 ALTIUNIEeN Algiglunisndaniedendy o Wy Adagdtinegy, ATEe

AN INBS, ATTanTalnAaEnaRaY, AlanFuUERMNIIAINTIUAENT

a = ! i = ‘:4'
FI99 3.8 918aLLDYAAILTINU (FIDNUILATDY)

ala] 19015 ALY 5701619 FIUIURY
wiae (uw)
1 AeenuuuUdnualgunsal 1 300 300
2 ABRALULINRSBIEANTBTNG 1 200 200
3 AalUsHNsILazadusnTy 1 225 225
a4 AsEnaUgUNIniLaENAdey 1 250 250
sauAussuseviligunsal (um) 975.00

a a v a & | P A
AN 3.9 IYRELDYARUTIUNTIINANTIINUA (PONUILATDIY)

s . . 31A1619 FIUIURY
a1y 5180135 UIUNUIY )
ek (um)
1 A1IRgAU (Materials) 1 2,368 2,368
2 ALT991U (Labor) 1 975 975
3 Aldia18nSHaR (Manufacturing Overhead) 1 155 155
i']aa:lf]'ﬂﬂﬁuv‘lummﬁﬂﬁwmwﬁaqﬂninﬁ (u ) 3,498.00
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N1INAADNANNADNITUITNTINITTURINAVINUT IR 9 Tdoraadnsdeiian
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ABSTRACT

Though there are various electronic travel aids for people with
visual disabilities, target users in some areas may not be able to
afford one due to their high cost. This paper proposes a prototype
of iSonar-2; a low-cost directional obstacle warning device using
multiple ultrasonic transducers with a miniaturized, high
performance. To avoid collision, four ultrasonic transducers with
40 kHz are used to detect obstacles within the range of the user’s
head and the ground, including stairs. iSonar-2 provides directional
tactile feedback with six DC motors that vibrate in different
position and frequencies, depending on the details of the obstacle’s
whereabouts and characteristics. The coverage area is 130 c¢m
forward and 100 cm from each side. We evaluated the maximum
scanning range and the performance of the system and found that
iSonar-2 can reduce the average collision rate to 17.78%.

Categories and Subject Descriptors
K.4.2 [Computers and Society]: Social Issues — Assistive
technologies for persons with disabilities.

General Terms
Design, Experimentation, Human Factor, People with Disabilities.

Keywords
Visually Impaired, Obstacle Detection, Travel Aid for The Blind.

1. INTRODUCTION

Nowadays, the famous mobility tools for the virtual disabilities are
long canes and guide dogs. Unfortunately, these are unable
protected their head and upper body from collisions, such as with
street signs, bus poles, open windows, tree branches, and fences,
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including down steps and hole. Various electronic traveling aids
(ETAs) [1] including the global positioning system (GPS), lasers,
cameras, and ultrasonic waves were used in research and
commercial products to solve the aforementioned problems.

There have been some approaches that make use of GPS to localize
and navigate the visually impaired in urban environments [2-3], this
GPS service is not available in all areas and cannot provide
information about the obstacles in front of the visually impaired.
The laser distance measurement techniques [4-6], this detection has
a limited coverage which is hazardous due to blind spots. A stereo
camera vision system to detect potential obstacles in 3D indoor and
outdoor scenarios [7], this device needs to be improved upon so that
the main components fit into a smaller device. Ultrasonic detection
techniques can be classified into two types: an audio feedback and
a tactile feedback. The ultrasonic audio feedback devices [8-10].
The disadvantage of these audio feedback is that the visually
impaired users cannot access auditory sense in urban scenarios.
Regarding the ultrasonic tactile feedback approach [11-13], the
user always needs to hold it to scan the environment, too heavy and
to ensure its effectiveness, excessive user training is necessary. In
addition to these research-led devices some commercial products
[14-16], these devices still present some drawback such as limited
functionalities, relatively high cost, and limited acceptability.

Having encountered limitations of previous developments, this
article presents the prototype of iSonar generation 2 (iSonar-2);
directional obstacle warning device for avoiding head-to-ground
levels collision including down steps. The operation of this device
is based on four ultrasonic pulse transmitter. By using the six tactile
feedback, it represents the collision distance and direction but does
not block the user’s auditory sense. Key features of iSonar-2
include high performance, low cost, miniaturized hardware and
casy to use.

2. MOTIVATION

From our previous work iSonar [17] — an obstacle warning device
for avoiding head and upper body collision based on an ultrasonic
transducer, using one tactile feedback as shown in Figure 1. Fifteen
volunteers with visually impaired (nine males and six females),
aged between 20 and 50 years were enrolled to evaluating the
iSonar performance and satisfaction for three months.
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Top View

1.30m
O.BOmI

Side View

Figure 1. iSonar; our previous work coverage area (left),
mounted iSonar with user’s chest (right).

The result showed that the lowest satisfaction score is tactile
feedback and coverage area detection. Due to some obstacles at
different direction and heights that iSonar cannot cover it all.
Moreover, users preferred a greater density and direction of tactile
response for longer distances and more detection dimensions.

3. OBSTACLE DETECTON METHOD

The reflection of sound waves with an ultrasonic transducer is used
in our obstacle detection technique. The ultrasonic transducer
transmitter releases a burst of ultrasonic sound waves toward the
air and receives a corresponding echo [18]. The echo amplitude also
depends on the reflecting material surface and the sound
absorption. The distance between the transducer and the object can
be calculated by the reflection echo time and the speed of sound in
the air, as shown in Equations (1) and (2):

Veouna(m/s) = 331.3 + (0.606 x T'(°c)) m

Where Vgyna 1s the speed of sound in meters per second, 7'(°c) is
the temperature in the air in degree Celsius. Therefore, every 1°C
change of temperature is equal to approximately 60 cm/s change in
the speed of sound.
_ Vsouna(m/s) X t(s)
D(m) = 7

Provided that D(m) is the distance between ultrasonic transducer
surface and the obstacle in meters, t(s) is the reflection for the
ultrasonic burst to travel the distance from the transmitter to the
object and back to the receiver in the second unit. Assuming that

@

the speed of sound in air is 347 m/s at room temperature 25.9°, the
time taken for the reflection time is 7.5 ms, since the distance
between the sensor surface and the obstacle is 130 cm. Moreover,
we can calculate distance between user’s body and the edge of
down steps in Equations (3):

L(m) = cos(8°) x D(m) 3)

The distance measurement diagram is shown in Figure 2. Four
modules of US-015 ultrasonic sensor two modules on top zone and
two modules on bottom and down steps zone, used to determine
distance between obstacle and the sensor, high accuracy and stable
reading from 2 em to 400 cm in effectual angles 45 degree as shown
in Figure 4 (left). To start measurement a pulse of high logic for 10
microseconds that is controlled by the microcontroller to the Trig
pin of the module, this will initiate the sensor transmitter to transmit
8-cycle ultrasonic burst at 40 kHz square wave signal. When the
sensor’s receiver detected the reflected of the ultrasonic burst, it
will set the Echo pin to high logic and delay for a period which this
width represents the time taken for the reflection time. The
coverage area top zone is 130 cm length and 100 cm width, bottom
zone detection area depends on the user height, shown in Figure 3.
; 100cm ;

—

Top view .

Side view |

T . SN

L Front view

Figure 3. The iSonar-2 detection coverage area.

4. HARDWARE IMPLEMENTATION

The iSonar-2 uses an Arduino Due board based on Atmel®
SAM3XSE 32-bit ARM Cortex-M3 84-MHz microcontroller to
control the main function. In the first, a pulse of high logic 10 ps
are sending to the trigger pin of each ultrasonic sensor modules.
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Tactile Feedback Vibration Freq. Reflection Time Distance Obstacle Detection

Figure 2. The directional obstacle detection and multiple tactile feedback diagram.
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Then, the obstacles distance is calculated from the reflection time
that is generated from each US-015s echo pin. For the top sensor
module, if the obstacle distance is less than 130 cm, the top
feedback module will start to vibrate. Next, the bottom sensor
module will measure the distance between the bottom sensor and
ground level and keep to the user’s calibrated value at the first
time when the system started. The bottom feedback module will
start to vibrate when the bottom measured distance /ess than the
calibrated value, the down steps feedback module will start when
the measured distance more than the calibrated value. The
vibration frequency starts at 120 Hz to 240 Hz, depends on
distance between the obstacles and user.

Top zone feedback
Bluetooth

Bottom zone module
sensor

Top zone sensor:
P =

Controller
module

Bottom zone
feedback
Rechargeable

battery Down step feedback

Figure 4. The front size of iSonar-2 component (left),
the back side of iSonar-2 component (right).

The iSonar-2 main components of five parts as presented in
Figure 4. A controller module is used for processing and
controlling the collision warning. Four ultrasonic sensors, which
are used to detect obstacles. The six tactile feedback with a 3-volt
80 mA 12,500 rpm vibration motor is used to generate the
warning signal. A Tinysine® Bluetooth 2.4 GHz module with 100
meters range used for wireless transmission the measured value
from each sensor to PC’s observer. The iSonar-2 power
consumption without the Bluetooth module is about 1.02 W when
used with a rechargeable Ni-Cd 4.8-volt 4,400 mAh. Average
battery lift is over 20 hours of continuous use, and 40 hours for
standby. Our device is mounted on a user’s body by the strap. The
weight of iSonar-2 is 526.8 g including the strap and battery.

5. TESTING AND EVALUATION

In order to assess the performance of iSonar-2, a series of
experiment were carried out, all tests were conducted in the open
air with 25.0 °c. Initially, the maximum range detection of the
system was measured. The reference obstacle was placed in front
of iSonar-2’s sensor with horizontal tile angle & = 0° and its
distance varied from 0 to 700 em. In the second experiment, the
measurement horizontal tile angle accuracy was determined.

Ultrasonic Sensor

Tilt angle (8) l (US018)

Top Sensor

d
Bottom
[e————{ Lenght (L) sensor

Figure 5. The detection range testing (left), mounting the
sensors on user’s body (right).

N Height (H)

The reference obstacle was placed at a distance = 1 m from
iSonar-2 sensor surface and its horizontal tile angle @ was varied
from 90° to 0° as shown in Figure 5. The collision testing was
evaluated in the last experiment. Ten student volunteers (five
males and five females) from Department of Computer
Engineering, Chulalongkorn University with the height between
157 and 180 centimeters (X = 167.5, ¢ = 6.0) were enrolled with
50 degree of the bottom zone sensor’s horizontal tilt angle and 0
degree for the top zone sensor. Information and instructions on
how to use iSonar-2 provided to testers prior to commence the
experiment. This information included device coverage area and
directional tactile feedback. The test field with obstacles was
created that simulated the type of urban environment the visually
impaired typically face. The straight walking test field which was
5 meters long and 2 meters wide, contain seven obstacles which
were not harmful to testers. These obstacles were randomly
posted at seven difference position; top left, top right, both top,
bottom left, bottom right, both bottom and down steps level.
Collision rate and stopping distance between tester and obstacle
were recorded, as shown in Figure 6.

iSonar-2 — .

/—Botlom N

zone .
"

- :

Down step
Walking line

x~—Top zone

Figure 6. The simulated test field (left), mounting
the iSonar-2 on tester (right).

6. RESULTS AND DISCUSSION

The experimental results of measuring accurate distance are
shown in Figure 7, the distance measured by iSonar-2 versus the
real distance between sensor surface and the obstacle. The results
displayed that the maximum measured distance is 504 cm, which
the measurement mean square error = 1.76 cm.

700
600
500
400
300
200
100

0
0 100 200 300 400 500 600 700

Real distance (cm)

Measured distance (cm)

Figure 7. Measurement of distance to the obstacle

The experimental results of measuring the horizontal obstacle tile
angle are shown in Figure 8. The stair-like shape due to the fact
that when the horizontal tile angle & less than 45°, the US-015
ultrasonic sensor will reach the limitation of the range and it is
not able to measure the exact angular position with a resolution
more than effectual angle 45°. Therefore, the obstacle target will
be detected as an angular position surfaced more than 45°.
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Figure 8. Obstacle’s horizontal tile angle measurements.

The result of collision rate and stopping distance from the
simulated test field is shown in Table 1. The average collision
percentage was calculated from the number of collisions that
testers had with the simulated obstacles, divided by number of the
number of testers. The average stopping distance was collected
by measured the distance between the simulated obstacles and
tester’s toe.

Table 1. The collision rate and stopping distance.

Obstacle level » A.ven:‘gf Average collision
=19 " (em) T
Top zone 60.4 6.67
Bottom zone 225 16.67
Down steps 4.45 30.00
Total 29.12 17.78

Experimental results showed that when the testers used iSonar-2,
collisions occurred mostly at the down steps level. Due to a few
testers that smaller than 164 cm-height, cannot completely break
in time after the down steps tactile feedback stimulated. However,
some collisions caused by testers are unable to distinguish the
left-right position of the bottom zone tactile feedback

7. CONCLUSION

In this paper, we propose the prototype of 1Sonar-2; directional
obstacle warning device for the visually impaired and acts as an
electronic travel aid. It has been designed keeping in mind the
specific problems from our previous work; iSonar. The device can
decrease the obstacle collision rates head-to-ground level
including down steps to 17.78%. The iSonar-2 is a new assistive
technology for serving the visually impaired while travelling, and
it should be improvised further. In addition, improvement in the
device’s detection accuracy should be modified through some
universal design techniques aimed at reducing detection error
from user’s shape, especially with down steps detection.
However, long term testing with among of people with disabilities
needs to be conducted to examine some possible side effects when
the iSonar-2 is in use for long period of time.
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iSonar-2: Obstacle Warning Device, the Assistive
Technology Integrated with Universal Design for the Blind
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ABSTRACT

The iSonar-2 is a wearable travel aids product for the blind and
visually impaired which aims to prevent the anterior collision from
head to lower body of the user. This paper proposes a prototype of
iSonar-2; an affordable directional obstacle warning device using
multiple ultrasonic transducers with the optimum miniaturized,
high performance features. To avoid the collision, three ultrasonic
transducers with 40 kHz are used to detect obstacles within the
range of the user’s head and the ground, including stairs. The
iSonar-2 provides directional tactile feedback with three DC motors
that vibrate in different position and frequencies, depending on the
details of the obstacle’s whereabouts and characteristics. The
coverage areas are 130 cm and 100 cm anterior and lateral
respectively. The design development objective is to enhance the
usability with more accurate detection of environment as well as
product pleasurable appearance for users.

Categories and Subject Descriptors

K.4.2 [Computers and Society]: Social Issues — Assistive
technologies for persons with disabilities.

General Terms

Design, Experimentation, Human Factor, People with Disabilities.

Keywords

Visually Impaired, Obstacle Detection, Travel Aid for The Blind,
Assistive Technology Design.

1. INTRODUCTION

In 2012, the first generation of the iSonar as travel aids were made
and donated to approximate a hundred of the visually impaired in
Thailand who commute to work on daily basis with white cane [1-
2]. The main purpose was to provide the surrounding information
with vibration signals while traveling which perceivable by only the
user. The users' feedbacks and comments on the result after
experiencing the uncertainty of information according to the device
features led to the continuous development of the second generation
three years later.

Surapol Vorapatratormn
Department of Computer Engineering
School of Information Technology
Mae Fah Luang University
Chiang Rai, Thailand
surapol.vor@mfu.ac.th

Figure 1. iSonar-2 metaphoric position as the user's eyes

The iSonar-2; directional obstacle warning device for avoiding
head-to-ground levels collision including down steps, defined as
Assistive Technology Design product, was proposed to gain more
user's usability in daily life. The operation of this device is based on
three ultrasonic transmitters. By using the 2-sensor-tactile feedback
at the left-right ears position, it communicates the collision distance
and direction but does not block the user’s anditory sense, a signal-
tactile feedback attached at mid-body allow the user to comprehend
overall circumstances. The five key aftributes of iSonar-2 are; i.e.,
high performance, affordable price, miniaturized hardware, user
friendly and pleasurable design.

2. ASSISTIVE PRODUCT DESIGN

The iSonar2, which is categorized according to the design for
quality of life technology [3-4] as assistive technology device, is
used to increase, maintain, or improve functional capabilities of
individuals with disabilities. The design objective is to promote the
independent living of user, as supporting tool for traveling that
formerly difficult or unable to accomplish, by providing additional
accessibility that interact with technology to individuals. The 7
Universal Design principles with 3 additional Product Performance
Program, proposed as UD + PPP [5-6] provides the design
congideration factors for user, manufacturer and social concern
aspects. The UD principles describing characteristics that make
designs universally usable are, equitable use, flexibility in use,
simple and intuitive use, perceptible information, tolerance for
error, low physical effort, and lastly, size and space for approach
and use. The PPP are the system for design evaluation developed
by concept and technology of UD, consist of 3 criteria as, the
product durability and production economics, 2. the product quality
and aesthetics, and 3. people’s health and the natural environment.
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3. DESCRIPTION OF THE APPROACH

The development of iSonar-2 was iteratively conducted in three

procedures. The first step was the users' requirement specification
based on user research. The second was the implementation of
general morphological analysis incorporated with assistive
technology design and universal design. The last was the usability
assessment.

3.1 Users' Requirement Specification

The user requirement definitions were based on the comments and
feedback from the 1st peneration iSonar users recruited by the
Thailand Association of the Blind. The volunteers were interviewed
with regard to satisfacton level of using 1Sonar. The data were
collected using a standard 5-pomt Likert-scale (1=poor, 2=fair,
3=average, 4=good, 5=excellent). The evaluation factors ncluded
distance detection ability, tactile feedback, user friendliness,
accuracy, shape and size, and cost. The results were concluded as
the following. The key requirement specifications are accuracy,
portability, user friendliness, and low cost. The first requirement. of
product accuracy based on the purpose that the device must be
responsive to obstacles. A typical walking speed of the visually
impaired is approximately 1 m per second and they require a
reaction time of 1.5 5. As stated in previous design, the maximum
distance for detection should not be more than 1.5 m for aveiding a
collision. Portability is another critical issue. The device should be
securely worn or attach to a part of user’s body at a specific
location, to provide the accurate information and the ability of using
both hands for other devices, e.g., white cane, mobile phone or
handrail. The ergonomically requirements relevant to portability
were weight and shape for long period of use in daily life [7]. The
third key requirement is the user preference towards a [riendly
electronics device. It should be easy to use, and its battery should
retain charge for at least a week. The last key requirement is that
the product must be reasonably priced for affordability. The
identification of user requirements in this stage led to the
establishing of a comprehensive product design specilication PDS
for design development and production [8].

3.2 General Morphological Analysis incorporated
with Assistive Technology Design and Universal
Design Implementation

The iSenar2 design started with the product definition as wearable
electronies device, the inside-oul approach concemed with the
function allocation, and the specification of the hardware
implementation internal dimension and the external dimension for
body part, in order to optimize the availability of features under
usage requirements. The design development based on schematic
design generated by the General Morphological Analysis GMA
technique incorporated with the Assistive Technology Design and
Universal Design Principle. The concept of GMA was employed as
a method for problem definition and the structuring of ideation
within the range of relevant conditions or constraints [9-10]. The
iterative design testing executed by numerous conceptual sketch
designs paralleled with paper prototypes which represent as the
moclk-up of form, size, weight, and usability feature. The allocation
of function on body part and the task perform for travehng were
pair wise compared. The optimum design solution was selected by
user requirement criteria for the target user and manufacturing
condition.
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Figure 2. iSonar-2 General Morphological Analysis Chart

Schematic Design framework: By applying the Assistive
Technology Design ATD integrated with Universal Design, this
technology-and-user-driven product responses to the visually
impaired in Thai society. The five design consideration lactors are;
utility, appearance, maintenance, affordable, and perceptible
information of procuct. The Product Specification PS consisted of
three fundamental elements as; requirement specification, design
criteria, and desirable features. The specification deflined the
appropriate physical and psychological functions, while the design
criteria were employed to evaluate the design alternatives. The
desirable features provided the product image solutions without
overpricing  according  to  the manufacturing  condition and

marketability,

TS w2 LT

3schematic designs: Upper body attachment

Figure 4. iSonar-2 Three § ic Designs with optimum features
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Hardware Implementation: ‘The ccho amplitude also depends on
the reflecting material surface and the sound absorption. The
distance between the transducer and the object can be caleulated by
the reflection echo (ime and the speed ol sound in the air, as shown
in Fquations (1} and (2):

Veouna (m/s) = 331.3 + (0.606 xT (%)) (1)

Where Vigyna is the speed of sound in meters per sccond, T(°c) is
the temperature in the air in degree Celsius, Therelore, every 1°C
change of temperature is cqual to approximately 60 cni/s change in
the speed of sound.,

Dim) = Vmund(mé':’) X t(s) @)
Provided that B(m) is the distance between ultrasonic transducer
surface and the obstacle in meters, £(s) is the reflection lor the
ultrasonic burst to travel the distance from the transmitter to the
abject and back to the receiver in the second unit. Assuming that
the speed of sound in air is 347 m/s al room temperature 23.9%, the
time talken for the reflection time is 7.5 milliseconds, since the
distance between the sensor surface and the obstacle Is 130
centimeters. Moreover, we can caleulale distance belween user’s
body and the edge of down steps in Fquations (3

L{m) = cos{(8*)x D(m) {3)

Four modules of US-015 ultrasonic sensor two modules on top zone
and two modules on bottom and | module for down steps zone, used
o determine distunce helween obstacle und the sensor, high
accuraey and stable reading from 2 cm. to 400 om, in cffectual
angles 45, To starl measurement o pulse ol high logic lor 10
microseeonds that is controlled by the microcontroller to the Trig
pin of the module. this will initiate the sensor transmitter to transmit
8-cvele ultrasonic burst at 40 kHz square wave signal. When the
sensor’s receiver detected the reflected ol the ulirasonic burst, it
will set the Echo pin o high logic and delay for a period which this
width represents the lime laken for the rellection time. The
coverage arca top zone is 130 em length and 100 em width, bottom
vome delection area depends on the user height. shown in Figure 3.

Top View

[100¢:m

lso cm

Side View

Front View

Figure 5. The iSonar-2 detection coverage area

3.3 Usability Assessment

Usability Muatrix [or design assessment offers the lmal design the
core function of physical requirement as weargble deviee, and
emaotional requirement as technology deviee that assurc the safety
in traveling without disturbing other. Morcover, the lifestyle gadget
appearance enables the user o be perceived as ordinary traveler.
I'he usability chart consists of cach function design objcetive
interpreted inlo leature, details ol dimension and properties of

hardware implementation, material, and cost. The information will
be further submitted to manufacturing party for markcetability
strength improvement.

Usability Froject: iSonar2 T 2k

—— sehematic desien 3+

Figure 6. The Usability Chart for each Schematic Design

The optimum design of iSonar2 are, left-right car attachment part
conneet to controller attachment at mid-body. The dimension and
weight ol the miniaturized sensor and motor allow the shape and
weight as an all day long wcarable deviee. The curve of car
attachment designs were tested with the volunteer subjects both
genders, ages [rom 19 10 52 years old. The controller attachment
comsists of sensor, motor, PCB, and battery. The attach method is
clipping that allow the user to adjust according to the attire.

|

Figure 7. The front size of iSonar-2 component (left),
the back side of iSonar-2 component (right).

Figure 8. Mounting the iSonar-2 on user,
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4. EVALUATION AND DISCUSSION

Figure 9. Mounting the iSonar-2 on testers,

The evaluation of iSenar2 conducted within laboratory conditions,
the distant and obstacle simulated based on the caleulated pace of
users. The information and usage instructions provided to 6 testers
prier to commence the experiment. This information included
deviee coverage arca and directional tactile feedback. The position
of device also differs due to the bedy dimension of testers. The
calibration of angle of ear attachment is needed at the beginning

The device learnability of car attaclhment and control are varied due
1o the tester hairstyle and atlire.

5. CONCLUSION

The prototype of iSonar-2; directicnal obstacle warning device for
the visually impaired operates as an eleetronie travel aids. The
development of technology plays greater part as the reduction ol
size and weight with optimum performance providing more of the
alternative design sclutions, The subculture aspect also shown in
open inferview due to gender as Thai females are less preferred the
wearable device altach (o upper body al breast region. The
marketability was considerably strengthened due to the 3D printing
technelogy that enables the design customization in color and size.
The potential of affordable price and pleasurable appearance are
achieved and respense to the requirement of the target users.
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iSonar-2: An Obstacle Warning Device for the visually impaired
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Abstract

iSonar-2 is obstacle warning device which allow the blind and visually impaired avoid
dangerous objects from user’s head to lower body. This research proposes a prototype of
iSonar-2; a low-cost directional obstacle warning device using multiple ultrasonic transducers
with a miniaturized, high performance. To avoid collision, three ultrasonic transducers with
40 kHz are used to detect obstacles within the range of the user’s head and the ground,
including stairs. iSenar-2 provides directional tactile feedback with 3 DC motors that vibrate
in different positions and frequencies, depending on the details of the obstacle’s

whereabouts and characteristics. The coverage area is 130 c¢m forward and 100 cm from each
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tough and pleased in appearance.

Keywords: Visually impaired; Obstacle detection; Travel aid for the blind;
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L(m) = cos(8°) x D(m) (aumiﬁ 4)
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iSonar-2 is obstacle warning device which allow the blind and visually impaired
avoid dangerous objects form user’s head to lower body. This research proposes a
prototype of iSonar-2; a low-cost directional obstacle warning device using multiple
ultrasonic transducers with a miniaturized, high performance. To avoid collision, three
ultrasonic transducers with 40 kHz are used to detect obstacles within the range of the
user’s head and the ground, including stairs. iSonar-2 provides directional tactile
feedback with 3 DC motors that vibrate in different position and frequencies,
depending on the details of the obstacle’s whereabouts and characteristics. The
coverage area is 130 cm forward and 100 cm from each side which makes iSonar-2
more practicable and provides accurate awareness for users in tough and pleased in

appearance.



