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Tom tat

Chi¥ néi va gdy do dudng la hai cong cu dic biét quan trong trong doi séng cta ngudi khiém thj. Chir ni
gitip nguoi khiém thi cé thé hoc tap, lam viéc va cap nhét céc théng tin dé ho khéng bj lac hau so véi xa héi,
gdy do duong gitip nguoi khiém thi di chuyén ma khéng phai dua vao sw tro gilp ctia nguoi khéc. Trong bai
bao nay chiing téi dé xuat mét thiét bj deo cho nguroi khiém thi cé khd néng két nbi khéng déy véi dién thoai
di déng théng minh dé gui hodc nhén va hién thi dudi dang chi¥ néi cac théng tin xuét hién trén dién thoai.
Hon nira, thiét bi deo con cé tinh ndng hé tro' di chuyén cho ngudi khiém thi théng qua viéc phét hién céc
chuéng ngai vét va gitp ho tré lai dung hudng di ban dau sau khi d4 vuot qua ching.

T khoa: Ngudi khiém thi, Chir ndi Braille, Thiét bi deo, Bluetooth nang lwong thdp, Android, Dién thoai di
ddng théng minh.

Abstract

Braille language and white cane are the especially important tools in visually impaired people’s life. Braille
helps visually impaired people learn, work and update information to integrate them into normal social life.
White cane assists them to walk confidently without supporting from other people. In this paper, we propose
a wearable device for visually impaired people which is able to communicate with smartphone via Bluetooth
connection to send or receive information, then display that information by Braille language. In addition, this
device also has the moving assistance function for the visually impaired by detecting obstacles and guiding
them to return to their way after passing those obstacles.

Keywords: Visually impaired people, Braille, Wearable device, Bluetooth Low Energy, Android, Smart phone.

1. Pit van dé

Theo thong ké ciia T6 chic y té thé gidi, hién
trén thé gidi co khoang 285 triéu nguoi khiém thi véi
hon 90% trong s6 d6 dang song & nhimg qubc gia
dang phat trién hodc c6 thu nhap thap, vi thé co hoi
cho mdt nén gido duc, viéc lam va hoi nhap xa hoi
trong mot thoi gian dai trude day 1a rat hiém va vuot
quéa mong doi ctia hau hét nhirg nguoi khiém thi trén
toan thé gioi [1,2].

Trong nhitng ndm qua, c6 rat nhiéu nghién ctru
da duoc thuc hién nhim phat trién céc thiét bi dién ta
trg gitup cho nguoi khiém thi. Trong linh vuc hién thi
chir ndi co thé ké dén thiét bi do R. Sarkar va cac
cong su dé xuat giup ngudi khiém thi c6 thé doc duoc
cac tin nhin ma ngudi khac gii dén dién thoai di
d6ng ctia minh. Nhuoc diém cua thiét bi nay 1a khong
¢6 tinh di dong do phai gin v6i mot may tinh ca nhan
[3]. Trong linh vuc hd trg di chuyén ciing ¢ rat nhiéu
nghién ctru dang quan tdm, K. Laubhan va cac cong
sy phat trién mot thiét bi voi mot hé thong cam bién
siéu &m giap phat hién cac chuong ngai vat nam trén
duong di chuyén ciia nguoi khiém thi, thong tin vé
khoang cach to1 chudng ngai vat dugce xir ly va thong
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bao cho nguoi khiém thi théng qua tai nghe khong
day [4]. Nhugc diém cua thiét bi nay 1a ngudi khiém
thi phai luon tap trung nghe dé nhan dugc cac thong
tin trg gitip, va nhu vay ho kho c6 thé nghe dugc cac
am thanh khac tr m6i truoéng xung quanh, trong khi
diéu ndy lai dac biét quan trong do ngudi khiém thi
ludn can st dung thinh giac dé co6 mot hinh dung tong
quan vé moi truong ma ho dang di chuyén. M. Nassih
va céc cong su de xuit gan mot dau doc RFID 1én gay
dan duong truyén thong, bo xur Iy trung tam cua thiét
bi s€ doc cac thé RFID duogc gan trén duong di
chuyén cua nguoi khiém thi va qua do6 xac dinh dugc
vi tri hién tai cia ho. Tuy nhién gia thanh cia hé
théng nay twong ddi cao do yéu cau phai gin thé
RFID doc theo cac tit ca cac con duong [5].

Ngoai ra, viéc thiéu thong tin tham khao tir moi
truong do mét kha nang thi gidc lam ngudi khiém thi
¢6 xu huéng di chuyén thanh vong tron [6]. Do d,
ngay tir khi con nho ngudi khiém thi d duoc huan
luyén st dung gdy do duong dé tim kiém cac dau
hiéu chi dan trén hang gach lat via hé dic biét danh
riéng cho ho, tuy nhién & cac qubc gia dang phat
trién, cac hang gach lat kiéu nay chua duoc trang bi
nhiéu, thém vao d6 mat do6 cac phuong tién giao
thong 16n va sb lwong cac chuéng ngai vat trén duong
day dic 1am cho viéc di chuyén cta nguoi khiém thi
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tré nén twong ddi kho khin va tiém an nhidu nguy
hiém.

Chinh vi vay muc dich nghién ctru nay cuia
chung t6i 1a thiét ké mot thiét bi deo két hop dugc ca
hai chirc nang hién thi chit néi va hd trg di chuyén
cho nguoi khiém thi déng thoi khic phuc nhugc diém
cua cac thiét bj ké trén. Cu thé hon, thiét bi deo duoc
dé xuét co kha nang két ndi khong day véi dién thoai
di dong théng minh dé gui hodc nhan va hién thi dudi
dang chit ndi cac thong tin xuét hién trén dién thoai
ciing nhu hd trg cho ngudi khiém thi khi di chuyén
thong qua vi€c phat hién cac chudng ngai vat va dua
ra canh bao ddng thoi giup ho tré lai huéng di ban
d4u sau khi vuot qua duoc chudng ngai vat.

bé dat duge hidu qua cao vé do tin cay, muc do

tiéu thu nang luong, tinh di dong va gia thanh, cac

tiéu chi sau day s€ dugc xem xét trong qua trinh thiét

ke [7]:

= Khong yéu cau ngudi khiém thi phai gitr thiét b
trong long ban tay, gitp ho c6 thé s dung doi
tay ciia minh mot cach chu dong.

= Khong yéu cau nguoi khiém thi phai nghe cac
hudng dan hay canh bdo bang am thanh, gitip ho
c6 the su dung thinh giac trong viéc xdy dung
cam nhan tong quan v€ modi trudng xung quanh.

*  Peo dugc dé lam tang d6 linh hoat cho ngudi str
dung khi di chuyeén.

* D& dung va khong yéu ciu qué trinh hudn luyén
phurc tap dé co thé str dung.

= Gia thanh ré dé nguoi khiém thi c¢6 thu nhéap thap
cling c6 kha nang tiép can va st dung dugc.

2. Trién khai h¢ thong
2.1. Thiét ké phan ciing

Duya trén céac tiéu chi tong quat da néu ¢ phan
trén, chiing t61 xay dung bd chi tiéu k¥ thuét cho thiét
bi nhu dugc mo ta trong bang 1.

Bang 1. Bo chi tiéu k¥ thuat cua thiét b

B0 xtt 1y trung tam ATmegal280

Giao tiép khong day Bluetooth LE

Cam bién phat hién chudng Hong ngoai, pham

ngai vt vi 20 + 150 cm
Con quay hoi

Cam bién chuyén dong chuyén, 3 truc

Ché d6 hién thi Chit ndi, 2 ky tu
Ché d6 canh béo Rung, 2 déng co
Dong dién tiéu thu ~450 mA

Loai pin Li-po, 1800 mAh
Cong xac Micro USB

Kich thudc 60x50x30 mm
Trong luong 210 g
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Céu tric cua toan bd hé théng dugc mo ta trong hinh
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Hinh 1. Ciu trac cua hé thong

Khoi vi diéu khién: Khéi vi dléu khién c6 chuc
nang nhan thong tin tir cac khoi truyen thong khong
day, cam bién phat hién chuéng ngai vat, cam bién
chuyén dong, xu ly roi guri cac két qua dén khéi hién
thi chit ndi va khéi canh bao. Vi diéu khién dugc sir
dung trong nghién cuiu nay la ATmegal280 cuia
Atmel do c¢6 kich thudc nho, mic d¢ ti€u thy nang
lugng trong ché d6 hoat dong chi khoang 20 mA tai
dién ap dau vao 5v va tan sb dong ho 16 Mhz. Ngoai
ra vi diéu khién ATmegal280 con dugc trang bi
128KB Flash du dé luu trit toan bd chwong trinh diéu
khién cho thiét bi, 8KB RAM, 4KB EEPROM cting
cac chirc nang nhu ADC, Timer, PWM ciling nhu cac
giao tiép 12C, SPI, UART [8].

Khoi truyén théng khéng day: Khdi truyén
thong khong day c6 chirc nang nhén cac ndi dung
thong tin xuét hién trén dién thoai di dong théng minh
nhu tin nhén, théng bio cta cac chuong trinh {mg
dung r6i gtri ching dén khdi vi didu khién va giri cac
thong tin tra 101 tir khi vi diéu khién dén dién thoai
di dong thong minh. Trong nghién ctru nay chung t6i
sir dung module RFBM-S02 véi thiét ké dua trén chip
CC2540 cua Texas Instruments, day 1a mot module
cung cap giai phap truyén thong khong day tién tién
hién nay l1a Bluetooth Low Energy rat thich hop véi
cac thiét bi di dong voi muc do tiéu thu nang lugng
trong ché do hoat dong chi khoang 24 mA [9-13].

Khéi hién thi chit néi: Khéi hién thi chit ndi c6
chirc nang hién thi thong tin giup ngudi khiém thi co
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thé doc dugc thong qua xuc giac, mot ky tu chit ndi
duoc tao thanh tir sdu chét chia 1am hai cot, mdi cot
ba chét, cac chdt duge didu khién ddy nho 1én hodc ha
xudng so véi bé mat cua thiét bi theo mot quy tic
nhit dinh tao thanh mét ky tu [14]. Dé thuc hién viéc
nay chung t6i st dung mét cum sau nam cham dién
kich thudc nho dé diéu khién vi tri cta cac chét trong
mot ky tu chit ndi.

Khoi cam bién phdt hién chuéng ngai vit: Co
hai cong nghé cam bién dwoc sir dung phd bién dé
phat hién cac chudng ngai vat niam trén duong di
chuyén cua ngudi khiém thi 1a cam bién siéu am va
cam bién hong ngoai. Tuy nhién, do yéu cau can phai
tich hop vao mét thiét bi deo nén cam bién duoc lya
chon phai c6 kich thudec nho gon, mirc do ti€u thy
nang luong thép dé dam bao thiét bi hoat dong duoc
lau dai. Trong nghién ctru nay ching toi sir dung cam
bién hong ngoai GP2Y0A02YKOF ciia Sharp. Day 1a
mot cam bién c¢6 pham vi hoat dong vira du dé dam
bao khoang khong gian phia trudc gitip ngudi khiém
thi di chuyén mdt cach an toan. Cac dac tinh k¥ thuat
chinh ctia cam bién hdng ngoai GP2Y0A02YKOF
duoc mo ta trong bang 2 [15].

Bang 2. Céc dic tinh ky thuat cia cam bién hdng
ngoai GP2Y0AO02YKOF

xay ra. Ching toi sir dung hai dong co rung cd nhd
kich thudc 3.9 mm x 14 mm bo tri & hai mat bén cua
thiét bi dé thuc hién cac chiic ndng canh bdo véi cac

tinh hubng duoc mo ta trong bang 3.

Bang 3. Cac tinh hudng phat tin hiéu canh bao

Cic tinh hudng

Tin hiéu cdnh bao

Co thong tin mai duge gui
tdi tur dién thoai

Hai dong co rung,
mot nhip ngan 0.5 s

Chudng ngai vat phia trude
cach 150 cm

Hai dong co rung,
mdt nhip dai 2 s

Chudng ngai vat phia trudc
cach 100 cm

Hai dong co rung,
hai nhip dai 2 s

Chudng ngai vat phia trudc
cach 50 cm

Hai dong co rung,

lién tuc

Pong co trdi rung,

Diéu hudng, 18 trai o 7
v & mot nhip ngan 1 s

Pong co phai rung,

bicu hudng, r€ phai mét nhip nedn 1 s

Dién 4p hoat dong 4.5+5vDC

Dong dién tiéu thy 33 +50mA

Pham vi hoat dong 20+ 150 cm

Thoi gian tré cua phép do | ~5 ms

Kich thugc cam bién 44.5x 21.6 x 18.9 mm

Khéi cam bién chuyén dong: Khdi cam bién
chuyén dong co chirc ning xac dinh van téc goc cua
nguoi khiém thi qua d6 phat hién hién tuong léch
huéng khi di chuyén dé dua ra cac hudéng dan gitp ho
tro lai dung hudng di ban dau. Trén thyc t& dé xac
dinh véan toc goéc chi can s dung thong tin tir cam
bién con quay hdi chuyén la du, tuy nhién trong
nghién ciru nay chung toi sit dung chip cam bién
chuyén dong MPU 6050 cua Invensense, ddy 1a mot
chip tich hop ca cam bién con quay hdi chuyén 3 truc
va cam bién gia tde 3 truc voi muce do tiéu thu nang
luong trong ché do hoat dong chi khoang 3.9 mA,
hon nira cam bién nay duoc trang bi giao tiép 12C nén
rat thuan tién trong viéc trao doi thong tin véi khoi vi
diéu khién [16]. Viéc tich hgp thém cam bién gia tc
cho phép phét trién trong tuwong lai cac ing dung tién
ich cho thiét bi deo nhu dém s6 buéc chan, tinh luong
calo tiéu thu v.v.. giup nguoi khiém thi c6 thé gidm
sat tinh trang van dong hodc thyc hién cac bai tap thé
duc ctiia minh mét cach tét hon.

Khéi canh bdo: Khdi canh bao dua trén céc tin
hiéu tir khdi vi diéu khién dwa dén dé tao ra cac rung
dong co hoc vai cac nhip dd khac nhau tac dong 1€n
tay cua ngudi khiém thi trong tng véi cac tinh hudng

Khoi nguon: Viéce thiét ké khdi ngudn dong vai
trod rat quan trong v6i muc dich kéo dai thoi gian hoat
dong lién tuc cua thiét bi giira hai 1an xac pin. Vi ly
do nay chung t6i sir dung pin xac Lithium Polymer
dung lugng 1800 mA, day la loai pin c6 kich thudc
nho va dong xa 16n nén rat thich hgp cho cac thiét bi
deo, viéc quan ly nguén dién va diéu khién xac duoc
thuc hién thong qua chip quan ly dién nang
MCP73831 cua Microchip.

Hinh 2 va hinh 3 mo6 ta 16p trén va 16p dudi ban
mach in chu cua thiét bi deo.

[®) O

Hinh 3. Lép dudi ban mach in chu cua thiét bi deo
2.2. Thiét ké phian mém

Chuong trinh ung dung trén dién thoai di dong
thong minh
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Hé diéu hanh Android duoc lua chon 1am nén
tang dé phat trién (ng dung thiét bi deo cho ngudi
khiém thi do dién thoai di dong théng minh chay hé
diéu hanh Android dang tr¢ nén rat phd bién véi gia
thanh ngay cang giam giup nguoi khiém thi c6 thé dé
dang tiép can va sir dung chung phuc vu doi séng cia
ho [17,18].

Chuong trinh ung dung chay trén dién thoai di
dong thong minh c6 céac chirc nang sau:

»  Quét va két ndi t6i thiét bi deo néu thiét bj do
dang nam trong vung phu séng Bluetooth cua
dién thoai.

* Ling nghe cac tin nhin duoc gui toi dién thoai
hodc cac thong bdo cua cac chuong trinh ung
dung v.v..

= Gui cac thong tin nay téi thiét bi deo.

= Néu ngudi st dung c6 tin nhan tra 10i thi gii tin
nhan qua mang vien thong dén nguoi nhan.

Luu d6 thuat toan ciia chwong trinh tng dung

dugc mo ta trong hinh 4.

| Quétdé tim thiét bj deo ‘

<>

Két néi téi thiét bi

Két ni
thanh cong

Giri thong tin téi thiét bj

+

| G tin nhin di |

Hinh 4. Luu d thuit toan cia chuong trinh tmg dung
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Hinh 5 m6 ta man hinh lam viéc cua chuong

trinh ng dung khi ¢6 tin nhin méi duoc giri dén, tin
nhan nay sau do s€ dugc chuyén ti€p tdi thiet bi deo
thong qua két noi Bluetooth.

Wearable device

Device address: 54:4A:16:73:B7:B2

Status: Connected

Device Information Service
a0y o

Unknown service
o

Unknown service
Q0B090-0000-1090-8090-00405F98 341t
unknown service

0f1c0-0000-1 0800000805136 341

New Notifications:

484904302237 Smart wearable device for visually impaired people.

Hinh 5. Man hinh ctia chuong trinh tng dung
Churong trinh diéu khién trén thiét bi deo:

Chuong trinh diéu khién chay trén thiét bi deo

¢6 cac chuc nang sau:

Cho yéu cau két ndi va nhan dir liéu tir dién thoai
di dong thong minh.

Chuén hoa dit liéu nhan dugc theo quy téc cta hé
chir noi.

Diéu khién hién thi chit ndi.

Cho phép ngudi khiém thi tra 151 tin nhin bang
cach st dung phim bam trén thiét bi d€ lya chon
mot trong s cac cau tra 101 co san.

DO tim cic chuéng ngai vat nam trén dudng di
chuyén va phat ra tin hiéu canh bao cho ngudi
Kkhiém thi.

Phat hién chéch huéng va phat ra tin hi¢u diéu
hudng cho ngudi khiém thi tré lai dung hudng di
chuyén ban dau.

Phat hign
chéch hwdng

Phit tin higu
diéu hudng

Phat tin hi¢u bao
chudmg ngai vit

Hinh 6. Luu do thudt toan cua chirc nang phat hién
chudng ngai vat va diéu hudng
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Luu d6 thudt toan cuia chic niang phat hién
chudng ngai vat va dicu hudéng duoc mo ta trong hinh
6.

Biit déu

Di két ndi toi
dién thoai

Co théng tin
tir dién thoai

Biéu khién hién
thi chir noi
Phat tin hiéu bdo
thong tin dén

Ngudi sir
dung tra loi

Giri théng tin
tra livi

]

Hinh 7. Luu db thuat toan ciia chirc nang nhan thong
tin va dieéu khién hién thi chit n6i

Luu d0 thuat toan cta chirc niang nhan thong tin
va dieu khién hién thi chit n6i dugc mo ta trong hinh
7.

3. Cac két qua thir nghiém

Dé danh gid hiéu qua vé kha ning hd trg di
chuyén va hién thi chir ndi cua thiét bi deo, ching t6i
tién hanh hai thir nghiém trong méi truong trong nha
c6 céac chudng ngai vat duoc sép dat trude trén mat
san dugc chia 6 va ghi toa d§. Mot nhém nam nguoi
thir nghiém deo bang bit mit 1an luot sir dung thiét bi
deo dé di chuyén trong khi cac tin nhin dwgc giri
ngau nhién dén dién thoai di dong théng minh cua ho.

Thir nghiém thir nhat:

Thu nghiem 1

Chiou dai (m)

Hinh 8. Thir nghiém thir nhét
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Trong thir nghiém nay, cac chudng ngai vat
duoc bd tri ndm & hai bén chiéu dai cua can phong,
muc dich chinh 12 dé kiém tra kha nang phat hién 1éch
huéng va diéu huéng cua thiét bi.

Thir nghiém thir hai:

Trong thir nghiém nay, ngoai cac chudng ngai
vat nhu trong thir nghiém thtr nhét con ¢6 thém mot
sO chuéng ngai vat dugc bo tri ngay trén truc giita
clia cin phong, muc dich chinh 1a dé kiém tra kha
nang phat hién chudng ngai vat clia thiét bi.

Thu nghiem 2

Hinh 8. Thir nghiém thir hai

Cac két qua vé& quing duong di chuyén cia mdi
ngudi thir nghiém dugc ghi lai va so sanh véi quang
duong di chuyén 1y tuong do mot nguoi co thi luc
binh thuong thuc hién duge mo ta trong bang 4.

Bing 4. So sanh quang duong di chuyén trong thir
nghiém va&i duong di chuyén 1y tudng (%)

0 iljfgl‘;’;‘ém Thir nghiém 1 | Thir nghi¢m 2
1 4.06 4.12
2 8.75 5.31
3 4.13 6.87
4 4.68 6.56
5 2.81 721

4. Két luan

Bai bao dd mo ta qué trinh thiét ké va ché tao
mdt thiét bi deo cho nguoi khiém thi 6 kha niang két
nbi khong day voi dién thoai di dong thong minh dé
gtri hodc nhan va hién thi dudi dang chir néi cac
thong tin xuét hién trén dién thoai cling nhu hd trg
cho ngudi khiém thi khi di chuyén.

Thiét bi c¢6 kich thudc nho, trong lugng nhe va
dé str dung ma khong yéu cau qua trinh huin luyén
phirc tap. Qua céc thir nghiém cho thdy thiét bi c6 kha
ning phat hién chudng ngai vat va diéu huéng cho
nguoi khiém thi voi quing duong phai di chuyén
thém so v6i quing duong di chuyén ly tuong la
khong nhiéu, tuy nhién nhuoc diém cua thiét bi la
chua phat hién dugc cac chudng ngai vt nam trén
cao. Trong tuong lai, ching t6i s€ trang bi thém cam
bién cho thiét bi dé khic phuc nhuoc diém nay ciing
nhu phat trién thém cac ing dung tién ich nhu dém sb
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budc chan, tinh toan lwong calo tiéu thu nham gitp
nguoi khiém thi c6 thé s dung thi€t bi nhu mot cong
cu theo doi strc khoe cé nhan.

Loi cam on

Chung t6i xin chan thanh cam on sy hd tro kinh

phi nghién ctru khoa hoc cua Trudng Dai hoc Bach
Khoa Ha Noi thong qua dé tai cap Truong ma so
T2016-PC-121.

Tai liéu tham khao

[1]

(2]

(3]

(6]

(7]

(8]

World Health Organization. Visual impairment and
blindness. [Online]. Available: http://www.who.int/
mediacentre/factsheets/fs282/en/

World Blind Union. Status of the White Cane.
[Online]. Available:
http://www.worldblindunion.org/English/
resources/Documents/Status of the White Cane.doc

R. Sarkar, S. Das, D. Rudrapal. A low cost
microelectromechanical Braille for blind people to
communicate with blind or deaf blind people through
SMS subsystem. IEEE International Advance
Computing Conference (IACC). Feb. 2013.

K. Laubhan, M. Trent, B. Root, A. Abdelgawad, K.
Yelamarthi. A wearable portable electronic travel aid
for blind. International Conference on Electrical,
Electronics, and Optimization Techniques (ICEEOT).
March 2016.

M. Nassih, I. Cherradi, Y. Maghous, B. Ouriaghli, Y.
Salih-Alj. Obstacles Recognition System for the
Blind People Using RFID. International Conference
on Next Generation Mobile Applications, Services
and Technologies (NGMAST). Sept. 2012.

Jan L. Souman, Ilja Frissen, Manish N. Sreenivasa,
Marc O. Ernst. Walking Straight into Circles. Current
Biology, 19(18). Sept. 2009.

D. Dakopoulos, Nikolaos G. Bourbakis. Wearable
Obstacle Avoidance Electronic Travel Aids for Blind:
A Survey. IEEE Transactions on Systems, Man, and
Cybernetics, Part C (Applications and Reviews),
40(1). Jan. 2010.

Atmel Corporation. Atmel ATmega640/V-1280/V-
1281/V-2560/V-2561/V 8-bit Atmel Microcontroller

18

[11]

[12]

with 16/32/64KB In-System Programmable Flash.
[Online]. Available:
http://www.atmel.com/Images/Atmel-2549-8-bit-
AVR-Microcontroller-ATmega640-1280-1281-2560-
2561_datasheet.pdf.

Texas Instruments. Bluetooth Low Energy CC2540
datasheet. [Online]. Available:
http://www.ti.com/lit/ds /symlink/cc2540.pdf

Texas Instruments. CC2540/41 System-on-Chip
Solution for 2.4-GHz Bluetooth® low energy
Applications. [Online]. Available:
http://www.ti.com/lit/ug/swrul 91f/ swrul91f.pdf.

C. Gomez, J. Oller, J. Paradells. Overview and
Evaluation of Bluetooth Low Energy: An Emerging
Low-Power Wireless Technology. Sensors, 12(9).
2012.

E. Mackensen, M. Lai, T.M. Wendt. Performance
analysis of an Bluetooth Low Energy sensor system.

International Symposium on Wireless Systems
(IDAACS-SWS. Sept. 2012.
Shenzhen  RF-Star  Technology.  RF-BM-S02
Bluetooth Smart Module. [Online]. Available:
http://www. szrfstar. com/en
C. Risjord. Instruction Manual for Braille

Transcribing, Library of Congress, National Library
Service for the Blind and Physically Handicapped.
2009.

Sharp corporation. Device specification for Distance
measuring sensor Model No. GP2Y0AO02YK.
Electronic components group. March 2001.

Invensense Inc. MPU-6000 and MPU-6050 Product
Specification Revision 3.4. [Online]. Available:
https://www.invensense.com/wp-

content/uploads/2015/02/ MPU-6000-Datasheet1.pdf

Gartner Q4 2016 results: Android rules, Windows 10
Mobile dies, Blackberry is long dead. [Online].
Available: https://www.neowin.net/news/gartner-q4-
2016-results-android-rules-windows-10-mobile-dies-
blackberry-is-long-dead

The Smartphone Price Gap. [Online]. Available:
https://www.statista.com/chart/4954/smartphone-
average-selling-prices.



	Chữ nổi và gậy dò đường là hai công cụ đặc biệt quan trọng trong đời sống của người khiếm thị. Chữ nổi giúp người khiếm thị có thể học tập, làm việc và cập nhật các thông tin để họ không bị lạc hậu so với xã hội, gậy dò đường giúp người khiếm thị di c...
	1. Đặt vấn đề0F
	2. Triển khai hệ thống
	2.1. Thiết kế phần cứng

