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Tom tat — Bai bao nay gidi thiéu vé mot hé thong hoan chinh, ma
phan cbt 16i clia n6 la mot loai xe 1&n méi hd trg ngu’dl khuyet tat
hodc liét mot phan co thé di chuyén mot cach thodi mai theo y mubn
ma khong cén sy gilp d6 tir bén ngoai. Sy khac biét co ban ciia né
vGi cac loai xe lan thong thu’dng khac, la né cho phép ngu’dl dung
chi st dung ct dong clia dau dé diéu khién hoat dong cla xe. Diéu
nay c6 hai uu diém chinh, dé 1a dé st dung hon vSi moi ngudi diing
va né c6 thé dudc st dung bdi nhiéu dang bénh nhan bai liét hon.
Ngoai ra, hé th6ng con ¢6 chirc nang phat hién tai nan khi xe lat,
tlr d6 phat tin nh&n hoac goi dién cho ngudi thén trong trucng hop
khan cép. Nhumg trén hét, hé thong nay hé trg ngu’dl dung su dung
may tinh ma khong can dung dén chan hoéc tay, ma chi can dung
dau. Hé théng nay 13 mét giai phap toan dién cho bénh nhan bai liét
va nang cao chét luogng cudc sbng clia ho.

T khoa — xe 1&n théng minh; HID mouse; vi diéu khién MSP430;
cam bién gia toc; thuat toan PID .

1. Pat van dé

Trén thé gi6i c6 khoang 500 triéu ngudi bi khuyét tat vé
co thé. Phan 16n trong sd d6 bi cic dang khuyét tat vé chi
dudi khién ho khong thé di chuyén, va con s6 nay dang tiép
tuc gia ting. Nhitng bénh nhan nay cin su chim séc clia
cdc nhan vién y té va ngudi than trong viéc di chuyén va
sinh hoat hing ngay. P6i véi nhitng bénh nhan & cac nudc
phét trién, chi phi chim séc va y t& 1a mot ganh ning 16n.
Hon nita ho can dudc di lai tu do, dudc st dung mdy tinh
va nhan dugc nhiing cd hoi nhu nhitng ngudi khac. Chinh
vi thé, chiing t6i da dit ra cau hoéi 1am thé nao d€ cai thién
chét lugng cudc séng cia ho.

2. Két qua nghién citu va khao sat

Trudc khi bat tay xdy dung hé théng nay, ching toi da
tién hanh khio st nhiing cong nghé mdi nhit trén thé gi6i
diing d€ ho trg bénh nhan khuyét tat va bai liét. Trén co s&
do, ching tdi c6 thé xay dung mot hé théng don gian va da
ning hon d€ gitp dd ngudi bénh.

2.1. Xe ldn ding cdn diéu khién

Day 1a loai xe lin dung cin diéu khién danh cho bénh
nhan liét chi dudi, khuyét diém cta né la gia thanh dit, va
nhiing bénh nhan liét tay hoic toan than khong thé sit dung.

2.2. Xe ldn diéu khién bdang mat

Day 1a loai xe lidn diéu khién bang mat, sit dung céc cit
dong ctia mat chuyén thanh tin hiéu diéu khién xe. Tuy loai
xe ldn nay khong can dung tay dé€ diéu khién nhung lai rat
dit do doi hdi 1 mdy tinh xit Iy phiic tap va dé bi nhiéu.

2.3. Xe ldn diéu khién bang y nghi

Loai cubi cung 1 xe lin diéu khién biang y nghi. Day 1a
loai cuc ky dat va cong kénh, né can dén mdy tinh va mot hé
théng phiic tap dé doc séng nio ctia ngudi dung, tuy nhién
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Abstract — This paper presents a complete system whose core is a
new kind of wheelchair that helps paralyzed patients to move freely
as they want without any help. The main difference between this
system and other wheelchair is that it allows users to use their
heads to control the wheelchair. This has two main advantages:
it is easier to use it and it is suitable for many kinds of paralyzed
patients. Besides, the system can send SMS messages or make
phone calls in case of accidents or emergency. But this system,
above all, supports users to use computers just with their heads,
without using their hands or legs,. This system is an all-rounded
solution for paralyzed patients to improve their living conditions. All
the methods employed in building this wheelchair will be presented
through this paper.

Key words - smart wheelchair; HID mouse; MSP430

microcontroller; accelerometers; PID algorithm.

kha niing bi nhiéu rat cao.
2.4. Muc tiéu

Sau khi xem xét céc loai xe lidn, nhém tic gia quyét dinh
ché tao:

- Mot hé thdng xe lin v6i gid ca phai ching.

- Khong can dung tay hoic chan dé diéu khién, chi can

diing dau.

- Piéu khién don gian, it anh hudng béi nhiéu.
Gitlp nguoi dung st dung dugc may tinh.
- C6 kha nang gitp ngudi dung lién lac véi ngudi khéc.

3. So luge hé thong

Heé thdng clia chiing t6i ¢6 thé chia 1am 3 phan chinh:

Phin thit nhét - Poc cam bién: Céc cam bién géan vao
dau va mat clia ngudi dung sé phat hién cit dong va chuyén
thanh tin hiéu dwa vao vi diéu khién (VPK) gin trén dau
ngudi ding, sau d6 né sé phat 1énh xudng VDK dit dudi xe
14n d€ thi hanh.

Phan thit hai - Xe lin: Day 12 phin nhan lénh tit VDK
trén dau ngudi dung, d€ diéu khién xe hoic d€ gii tin nhin
hay goi dién, dudc gan trén khung xe lin. C6 thé chia thanh
2 phan nhé hon.

- Thit nhdt - 3 VDK: VDK thi nhit nhan 1énh tit VDK
trén dau ngudi dung va phat 1én cho 2 VDK con lai
thong qua giao tiép 12C. 2 VDK nay, thong qua mach
cau H, sé diéu khién 2 mé to diéu khién banh xe.
Encoder gin vao 2 mo td sé truyén tin hiéu van toc
vé VDK nay dé cin chinh van tdc gifta 2 banh xe, nén
xe lin sé di chuyén dugc mot cach thing bang.

- Thit hai - Module lién lac: Khi xe 14n bi 14t, cAm bién
gia tbc gan trén xe sé phat hién dugc va gti tin hidu
kich hoat module GSM d¢€ gtii tin nhin hoic goi dién.

Phan thi ba - Tuong tac may tinh: Phin nay chd 1énh
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cia VDK trén dau ngudi dung, tién hanh giao tiép véi may
tinh, sau doé glup ngudi dung st dung chudt. Phan nay c6 1
VDK gin sin v6i mdy tinh thong qua céng USB.
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4. Phan citng
4.1. Vi diéu khién

Céc VPK dugc dung déu 1a VDK MSP430 ctia hing
Texas Instruments. Loai VDK nay dugdc chon bdi sy tin cay,
gia thanh phai ching, doc ADC nhanh va tét, toc do xi ly
nhanh, bd nhé nhiéu va ning lugng tiéu thu thip.

“Embedded Microcontroller”
+ 16-Bit RISC Architecture up to 24-MHz Clock
+ Wide Supply Voltage Range (2 V to 3.6 V)
+ -40°C to 85°C Operation
- Optimized Ultralow-Power Modes
- Ultralow-Power Ferroelectric RAM
+ Up to 16KB Nonvolatile Memory
+ Ultralow-Power Writes
+ Fast Write at 125 ns per Word
- High-Performance Analog
+ 16-Channel Analog Comparator
+ 14-Channel 10-Bit Analog-to-Digital Converter
(ADC)” [6]

4.2. Cam bién
4.2.1. Cdm bién phdn xa

Dung d€ phat hién nhdy mat ctia ngudi ding, chon loai
cam bién TCRT5000, gia thanh ré va 6n dinh.

Hinh 2: Cdm bién phdn xa
4.2.2. Cdm bién gia toc

Dung dé phat hién tu thé dau ngudi ding ciing nhu ctia
xe lin, chon loai cam bién MMA7361.

Hinh 3: Cdm bién gia téc
4.2.3. Module RF

Chon module eZ430-RF2500 dé thuc hién giao tiép RF
dé hé théng tinh gon va truyén phat nhanh.

Hinh 4: Module eZ430-RF2500
4.3. Module GSM

Viéc bénh nhan liét hodc khuyét tat giit dudc lién lac
vGi ngudi than hodc nhan vién y té rit quan trong, vi khong
phai lic nao ho cling 6 bén ngudi bénh duge. Vay lua chon
module Breakout Sim900, véi kha ning gii tin nhan va goi
dién d€ 1ap dit trén xe d€ gidp ngudi bénh lién lac. Uu diém
clia module nay 12 gia phéi ching va tién 1¢i, dé st dung,
hoat dong & nhiéu bing tan va dé két ndi véi VDK.

Hinh 5: Module Breakout Sim900

5. Thuit toan
5.1. Thuit todn diéu khién xe lin

Mot thiét bi cam bién gia téc sé dudc cb dinh trén dau
clia ngudi st dung dé 14y nhitng thong s6 vé do nghiéng. Sau
do, tin hiéu tuong tu doc tif cdm bién sé dugc chuyén dén
mo dun ADC10bit ctia vi xit Iy MSP430FR5739 dé chuyén
sang tin hiéu sb. Md dun ADCI10bit sé dugc cAu hinh dé
lay dugc dit liéu 8 bit, di dé xi ly vé do nghiéng. Dit lidu
nay cho ta biét thong sb clia cdc truc trén cam bién. Trong
trudng hop nay, hai trong sb ba truc sé dudgc st dung, cu thé
1a truc x va truc y, dudc dit vuong géc véi mit dat.

Sau khi hé théng dugc kich hoat, dif liéu tii hai truc sé
dugc can chinh theo gid tri ban dau (khi dang & vi tri can
bing). Khi ngudi st dung nga dau vé& phia sau hoic phia
tru6e, nghiéng sang phai hoic sang trai, thiét bi sé do dugc
dd 1éch giita vi tri hién tai va vi tri ban dau, tit d6 diéu khién
xe lin chay theo huéng mong mudn.
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5.2. Thudt toan PID

D& dam béo cho xe di chuyén chinh x4c theo mot huéng
nhét dinh, hé théng st dung thuat toan PID dudc thiét 1ap
ca vé phan ciing va phan mém.

Déi véi phan ciing, hai encoder dugc sit dung dé do tdc
dd thuc ctia dong co, sau d6 dua tin hiéu hdi tiép vé hai vi
xti Iy MSP430G2553 d€ diéu chinh lai téc dd dong co cho
chinh xéc.

Thuét toan PID gém c6 ba tham sb 1a: P (Proportional),
I (Integral) va D (Derivative) dudc ding dé chuin hoéa tin
hiéu u(t) cia dong co. Nhing ti 1€ trong thudt toan chi phu
thudc vao su khac nhau giita tin hiéu mong mudn va tin hiéu
thuc. Su khac nhau d6 con dudc goi 1a 16i phat sinh. Hé sb
ti 16 K, xdc dinh ¢ 1& ctia ddp ting ddu ra véi tin hiéu 16i.
Hop phan Integral dua ra 16i qua thdi gian, lam ting ddp
ting tich phan. Hiéu @ing nay nham 6n dinh 18i ¢ trang thdi
&n dinh, va 1a sy khdc nhau gifta tin hiéu mong mudn va
tin hiéu thuc. Hop phan Derivative giam tin hiéu diéu khién
dau ra u(t) trong trudng hop téc do thuc ting dot bién. Tham
s6 Derivative ti 1¢ v6i tc do thay ddi ctia van tdc hién tai.

Pé tim dudgc gid tri t6i vu cho ba tham sb P, I, D, nhém
tac gid st dung phucng phap tht 16i.

r(t)
J

VIR

Hinh 6: So do thudt todn PID
5.3. Gii tin nhdn SMS

Gti khi gip tai nan: Néu xe lin bi nga, cdm bién gia toc
trén d6 sé gdi tin hiéu ctia cac truc vé vi diéu khién. Néu céc
thong sb nam trong pham vi xe bi nga, vi diéu khién sé kich
hoach mo6 dun GSM giii tin nhin.

Giii chii dong: Khi ngudi dung mudn gii mot tin nhin
cho ngudi than, ho thuc hién nhiing dong tic bing dau dé
gidp vi diéu khién nhan ra va kich hoach mé dun GSM gt
tin nhén.

5.4. Tuong tdc mdy tinh

Trong ting dung nay st dung Traditional HID Interfaces
dudc hd trg bdi goi USB API clia Texas Instrument. Mot vi
diéu khién MSP430 chay géi API nay sau khi gan vao cong
USB sé thiét 1ap mot giao thic HID trén mdy tinh do.

Khi chuét dang & ché do Active, n6 sé st dung dit
liéu ti cAm bién gia tbc va hai cam bién phan xa dé
diéu khién chudt.

Do nhay ctia chudt phu thudc rit nhidu vao kha ning
phan tich do nghiéng chinh xdc ctia cdm bién gia tbc. Mot
1an nita, md dun ADC10bit cling dugc stt dung dé chuyén
tin hiéu tuong tu sang tin hiéu s6 8bit, di dé cho chudt di
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chuyén mdt cach mugt ma nhit. Bing céch sit dung hai cim
bién phan xa TCRT5000 dudc gan truc tiép gan v6i mit
ngudi st dung, hé thdng c6 thé phat hién dudc sy nhdy mat.
Diéu quan trong 1a 1am sao phén biét dugc nhdy mét tu nhién
do co ché ciia co thé va nhdy mat do ngudi dung cb tinh
tao ra. Nhdy mat tu nhién luén luén nhanh hon nhdy mat
cb tinh va do do6, st dung thuit todn dém dé phan biét hai
co ché nay.
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Hinh 7: So dé két n6i MCU MSP430
vdi mdy tinh qua cong USB [1]

( Beain product development, using MSP430 USE API stacks)

l

Use the Descriptor Tool. Fill all fields if possible, but in particular:
* Define which USB interfaces the product will support
* Define other MCU behavior

If known, configure the VID, PID, and vendor-specific strings

l

Save the inputs in a * dat file, and generate the output source
files. Use the source files to replace the defaults in the AP stack.

!

[ Write the application

l

If necessary, reconfigure the VID, PID, and vendor-specific
strings at any point during development. Reload the * dat file first,

to ensure that no unexpected configuration changes occur.

Release the product
Bdng 1: Bdng thoi gian dém cho thudt todn nhdy mdt
5-7 1an dém

1-2 1an #ém

Hinh 8: Quy trinh két néi MCU vdi mdy tinh [5]

Nhdy mat c6 tinh
Nhdy mat tu nhién

6. Tuong tac voi hé théng
6.1. Chon chiic nang

Khi dugc khéi dong, hé thdng sé mic dinh nim trong
ché do chon lua (Mode Selection). Tir ché do nay ngudi st
dung nhiing dong tic diu tuong ting dé chon st dung mot
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trong 4 ché do sau day:
- Ché do diéu khién xe lin.
- Ché d6 sit dung chudt mdy tinh.
- Ché dd gii tin nhic hoic goi dién thoai.
- Ché d6 chd hoic nghi (StandBy).

6.2. Chon ché do

Nghiéng dau ctia ban qua phai hoic trai va quay trd lai
vi tri cin bang d€ di chuyén giita 4 ché do. Gat dau vé phia
trudc dé chon ché do.

Sau khi lua chon ché d9, ngudi sit dung tiép tuc st dung
céc chiic ning ctia hé thong.

6.2.1. Ché do diéu khién xe lin

Diéu khién xe lin dién bing chuyén dong ctia dau:

- Di thing vé phia trude: Gat dau vé phia trude va quay
tr6 lai vé& vi tri can bing.

- Di thang vé phia sau: Ngita dau ra sau va giit & vi tri
dau d6 dé diéu khién xe di 10i vé phia sau.

- Ré trai: Nghiéng dau vé phia bén trdi va giit nguyén
dau & vi tri d6 d€ diéu khién xe 1é trai.

- Ré phai: Nghiéng dau vé phia bén phai va giit nguyén
dau & vi tri d€ diéu khién xe ré sang phi.

Khi xe lin ding lai trong vong 10 gidy, hé thong sé tu
dong quay vé ché do chon Iva (Main Menu) va chd 1énh ctia
ngudi stt dung dé nhiy vao mot ché do khac.

6.2.2. Ché do diéu khién chudt mdy tinh

Diéu khién chu6t trén mdy tinh:

- Diéu khién chuyén dong ctia chuot: Ngudi sit dung
mudn con trd chudt di vé hudng nao thi nghiéng dau
vé hudng doé.

- Tin hiéu chuot trai (Left click): Nhdy mat phéi trong
mot thdi gian ngan.

- Tin hiéu chudt phai (Right click): Nhdy ca hai mat
trong mot thdi gian ngin.

- Tin hiéu nhip d6i chuot: Nhay mét phai trong mot
thdi gian ngan nhu lau hon nhdy mat trong tin hiéu
chudt trai mot chut.

6.2.3. Ché do cho

Giit dau & vi tri can bang trong 10 gidy hé thdng s& nhay
vao ché do “chd”. D€ thoat khéi ché do nay, ngudi ding

nghiéng dau vé phia bén phai hoic tréi.
6.2.4. Ché do giti tin nhdn

Trong ché do, ngudi st dung gti tin nhin cho nhiing
ngudi than hodc béc si, y td d€ yéu cau su gitip d5 trong
trudng hop nguy hiém. D€ thuc hién ché do nay, ngudi st
dung vao ché d6 “chon lya” (Main Menu) rdi nghiéng dau
lién tiép sang phai cho dén khi hé thdng nhiy vao ché do
nay.

7. Panh gia
7.1. D¢ chinh xdc

Thuit todn phu thudc phan 16n vao su két hop giita
chuyén dong va mit. Nhiing chuyén dong nay sau khi dugc

chuyén ddi thanh cdc 1énh sé diéu khién hé théng dé hoat
dong nhu y mudn ctia ngudi dung. Hé thdng dugc danh gia
dua trén d6 chinh x4c va hiéu qua ctia chuyén dong ctia dau
va mit tuong ng véi cac hoat dong.

7.1.1. Diéu khién xe lin

C6 bén chuyén dong co ban khi didu khién xe lin, d6 1a
di thang vé phia trudc, di thing vé phia sau, ré trai, ré phai.
C6 cic chuyén dong dau d€ diéu khién xe theo cdc huéng
tuong ng. Cic hoat dong nay sé& dudc kiém tra 50 1an:

Bdng 2: Bdng thoi gian dém cho thudt todn nhdy mdt

S6 1an thanh céng

Chuyén dong déu | Hoat dong tuwong ing (trong 50 ldn thi)
Gat dau Xe tién vé trudc 50
Ngita ddu ra sau | Xe Ibi vé sau 49
RE trai Xe 1€ trai 49
RE phai Xe ré phai 48

Nguyén nhan xe hoat dong khong theo y mudn la do
cam bién gia toc bi dit sai vi tri cin bing, vi vdy n6 dua ra
cdc tin hiéu khéc véi cic tin hiéu mong mubn, nén vi diéu
khién thuc hién cic 1énh sai cho xe lin.

7.1.2. Diéu khién con tré chudt

- Pinh hudng con tro

Bdng 3: Bdng sé liéu cdc lan thit con tré chuét

Chuyén dong dau | Hoat dong tuong ing (S;;’olj; jﬂ(;gl;gnc;:;g)
Gat dau Xe tién vé trudc 100
Ngtta diu rasau | Xe i vé sau 08
Reé trai Xe ré trai 99
RE phai Xe 1€ phai 100

Nhu trén bang sb liéu, chiic ning nay dat dudc do chinh

xdc rit cao.
- Click chuot

Bdng 4: Bdng sé liéu cdc lan thit click chudt

Cich nhay mit | Hoat dong twong ing (St(r)ol:; Iﬂ(;zl;::nc;::rg)
Nhay hai mit Click chuot trai 92
Nhay mét phai Click chuot phai 86
Nhay hai mit lién tiép Click dbi 90

Do chinh xac cha chiic nang nay chua dugce cao. Nguyén
nhan clia sy sai léch 1a cdm bién phan xa quang nhay véi
nhiéu va géc phét va thu khong cao.

- Ché do cuon trang

Bdng 5: Bdng sé liéu cdc ldn thit cuén trang

Chuyén dong dau

Hoat dong tuong ung

S6 1an thanh cong
(trong 50 ldn thit)

Ngtia diu ra sau

Cudn trang 1én trén

49

Gat dau vé trudc

Cudn trang xubng dudi

48

Chtic ndang dat dugc do hiéu qua cao.
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7.1.3. Guti tin nhdn

Gi tin nhin trong trudng hop tai nan: D€ kiém tra chitc
ning, xe dudc gia dinh nam nghiéng véi céc tu thé nga khac
nhau. Khi xe ndm trong cic tu thé nay thi hé théng sé tu
dong gti tin nhan t6i nhiing sé dién thoai dudc dinh sin.
Chiic niing nay dudc kiém tra 20 14n va déu thanh cong.

Gii tin nhin chii dong: PE gti tin nhan nay thi nguai
dung diéu khién hé théng nhay vao chifc ning gii tin nhan
SMS. S6 lan thanh cong 1a 16 1an trong 20 lan kiém tra.
Nguyén nhan chifc ning hoat dong sai 1a do cam bién gia toc
bi dit sai vi tri cn bang, gay ra hiéu chinh sai cho hé thong.

7.2. Cong sudt

Bdng 6: Bdng s6 liéu cong sudt hoat dong

8. Két luan va hudng phat trién
8.1. Két lugn
Bdng 7: Bdng tém tit muc tiéu va do hoan thién

Muc tiéu Do hoan thién
Xe lan gia thanh,|Hé thong dudc thuc hién véi chi phi viua
khong cin tay chan|phai, hd trg dugc nhidu dang bai liét & chin
dé stt dung va tay
HJ trg ngudi tan tat|Hé thong h trg ngudi tan tat st dung may
tuong tic mdy tinh  |tinh thong qua diu va mat
Hé thong an toan va|Hé thong dudgc thiét k& an toan va st dung
6n dinh trong thdi gian tuong dbi
Hé théng hd trg lién|Module GSM gitip ngudi dung gdi tin
lac nhin va goi dién
Pon gin nhung hiéu|Khdng can bo xit Iy manh va cong kénh
qui nhung van c6 thé thuc hién cdc chic ning
tuong duong cac loai xe khac

Thiét bi Dong tiéu thu | Ap tiéu thu
MSP430FR5739 81.4 uA 3.3V
MSP430G2553 230 uA 3.3V
MSP430F5510 115 pA 3.3V
Cam bién gia toc x2 400 pA 3.3V
Cam bién phan xa quang 100 mA 3.3V
hoc x2
RF module x3 12.3 mA 3.3V
GSM module 2A 4V
Mach cau H 10 A 24V

Miic tiéu thu nay kha thip va chip nhan dugc véi cac
gia dinh trung Iuu & cdc nudc dang phat trién.

7.3. Gid cd

Chi phi cho hé théng khong qué cao so véi cic xe lin
thong thudng trén thi trudng. Khong nhiing thé, hé théng
con c6 nhitng chiic ning tdt hon nhu hd trg tuong tic may
vi tinh hay lién lac v6i ngudi than va don gian hon cac xe
lan diéu khién bing suy nghi hay bang chuyén dong mat,
nhiing cdi ma doi hdi phai c6 céc thiét bi cdng kénh va céc
thuat toan phiic tap yéu can bd vi xit li manh va dit tién.

8.2. Hudng phit trién

Trong tuong lai, nhém tic gia tiép tuc cai thién, hoan
thién hé théng va sé& cb gang chinh stta nhiing khuyét diém.
Hon nifa, ching t6i mu6n phét trién thém nhiéu ché d6 hon
cho bd phan tuong tac mdy tinh nhu Keyboard mode, va
giam cong suét tiéu thu ciing nhu gidm gid thanh. Trong
muc tiéu dai han, v6i gid ca canh tranh va wu diém phu hop
v6i nhiéu loai khuyét tat va huéng dén nhiéu mit ctia doi
s6ng ngudi tan tit, hé théng nay co tiém ning 16n va c6 thé
12 mot san pham hifa hen trong thi trudng.
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