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Abstract

The hardware design of a robotic cane to support the blind people to walk is proposed. Especailly, the
application of the image processing method to determine navigate lines of the blind people is presented in this
paper. The PD controller applied to control the motion of the robotic cane to follow the navigate lines while the
robotic cane supports the blind to walk is also discussed. Moreover, the nonlinear disturbance observer to
estimate human forces is applied to the robotic cane to control its motion to help the blind to maintain balancing
more conveniently. Experiment results on the hardware design of the robotic cane indicate that the controller
works well to support the blind to walk following the navigate lines.
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Toém tit'

Mot mo hinh phan cimg cia robot gy dugc thiét ké
dé hd tro ngudi mu di chuyén theo duong dinh tuyén
s€ duoc trinh bay trong bai bao. Ngoai ra, viéc ung
dung xr Iy anh trong viéc phat hién duong dinh tuyén
cho nguoi mu dugce dé cap trong bai bao. Ung dung
bo diéu khién PD trong viéc kiém soat chuyén dong
clia robot gdy bam dudng dinh tuyén cho ngudi mu
khi di chuyén 6n dinh. Thém vao d6, Gmg dung bod
giam sat phi tuyén dé ude luong luc tac dong tir ngudi
st dung t6i robot gdy nham kiém soat chuyén dong
clia robot gdy hd trg nguoi dung thing bang khi di
chuyén s& dugc trinh bay trong bai bao nay. Két qua
thuc nghiém trén mo hinh robot gy thuc té chimng
minh rang bo diéu khién duogc thiét ké phu hop véi
viéc hd tro ngudi mu on dinh thang béng khi di
chuyén theo duong dinh tuyén.

Ky hi¢u

Ky hiéu Don vi Y nghia

J, kg m* Quan tinh cta gy

J, kg m* Quan tinh cta banh xe

T Nm Mo men xoén truyén
dong

D, Nms/rad  Hg¢ s6 ma sat trugt cua
gdy

D, Nms/rad  H¢ so ma st trugt banh
xe

o) rad Goc 1éch ctia gay theo
phuong doc

0 rad Goc léch cua banh xe
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theo phuwong doc

d, Nm Ngoai lyc tac dong 1én
gy

d, Nm Ngoai lyc tac dong lén
banh xe

g m/ s> Gia toc trong truong

m kg Khéi lwong cia giy

M kg Khdi lugng clia banh xe

Chir viét tit

LAM Lie Algebra method

USB Universal Serial Bus

12C Inter-Integrated Circuit

SPI Serial Peripheral Interface

1. Phan mé diu
Céc thiét bi hd trg cho nguoi gia va nguoi tan tat dang
dugc nghién ctru va phat trién rat t6t trong xa hoi
ngay nay. Dic biét, cac thiét bi hd tro ngudi mu dimg
va di lai v6i kich thudc nho gon, ti€n 1gi con nhiéu
han ché trong ca nghién ciru va san phim véi muc
dich thuong mai.

Véi kha ning tmg dung thuc tién ctia cic nghién
clru vé robot gy giéng nhu thiét ké cua mot ciy giy
truyén théng nham duy tri trang thai thiang bang cta
ngudi sir dung trong qué trinh di chuyén dwoc tac gia
[1-3] trinh bay va c6 cac két qua tir md phong dén
thuc nghiém kha chi tiét. Tuy vay, kha nang g dung
cua robot gy nay cho nhung ngudi tan tat nhu nguoi
mu la chua duge nghién ctu va thyc nghiém trén mo
hinh cu thé.

Trong bai bao nay, cac tac gia trinh bay ung dung
cua mot phuong phap xtr Iy hinh anh dugc &p dung
cho robot gdy dé hd trg ngudi mu duy tri sy can bang
trong khi di chuyén dé bam theo dudong chi mau danh
riéng cho ho.
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Vi nhitng thanh tyu to 16n ctia khoa hoc va
nghién ctru hién nay, viéc ung dung thuat toan xu ly
anh trong bai toan phat hién chuyén dong, do dém va
phén tich dbi tuong nhu tac gia [4] trinh bay da dem
dén nhiing hudng tiép can moi trong viéc Ung dung
n6 vao thuc tién nhu nhan dién mau sic [7] va phan
tich dic trung cua ddi twong ap dung cho mé hinh
robot gdy cu thé nhu trong bai bao duoc trinh bay.

Viéc ap dung bo diéu khién truyén théng PID voi
cac két qua t6t cling dwoc thé hién trong bai bao nay.

2. N¢i dung chinh
2.1 Thiét ké phian clmg

\.
B

Tay nim

Gay

Camera

Raspberry Pi 3
Model B+

(W Pin va bé diéu
khién trung tam

Dong co trong
banh xe

H. 1 Phan ciing ciia robot gdy

Nhu dugce thé hién trong H. 1, robot giy bao gom
mot tay nam véi muyc dich tro giup cho ngudi sir dung
duy tri thang bang trong qua trinh di chuyén theo
duong dinh tuyén dugce gin & phia trén ciing cia gy,
phia dudi sau d6 1a mot camera thu nhan hinh anh
dugc gin c¢b dinh vao gy voi khoang cach, goc ¢
dinh v6i mit duong va két ndi voi mdy tinh nhing xr
ly anh Raspberry Pi 3 Model B+ thong qua cong glao
tiép USB, di liéu sau khi dugc xtr Iy anh dugc truyén
tr may tinh nhing xtr 1y anh téi b x 1y trung tam la
mot may tinh nhiing Raspberry Pi Zero W c6 nhiém
vu diéu khién chuyén dong cua robot giy dé hd trg
nguoi sir dung thing bang khi di chuyén, goc léch ctia
gdy so voi phuong doc duge do boi cam bién gia tdc
MPU6050 nhu H. 2 véi chudn giao tiép duoc két ndi
la 12C.

H. 2 Cdm bién gia téc MPU6050
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Tét ca hé thdng dugc cap ngudn béi mot bd ngudn
Lithium 42VDC & ché d6 xac ddy v6i dong cung cip
1én dén 2189mAh va thoi gian xac déy dinh muc la
2.5h di kem vo6i mach bao vé pin (H. 3 b), hai may
tinh nhiing dwoc cip ngudn thong qua mach ha ap sir
dung chip LM2576HVS cung cap dién ap dau ra cb
dinh 5V voi dong dién duy tri 3A, chuyén dong cua
hai dong co trong banh xe dwoc diéu khién thong qua
b6 didu khién dong co ESCON70/10 v6i dong dién
dau ra lién tuc 10A thong qua chéan didu khién véi tin
hiu tuong tu.

a) Mach diéu khién trung
tam . . .
H. 3 So do mach diéu khién trung tam va mach bdo vé pin

b) Mach bao vé pin

Viéc diéu khién nay dugc thuc hién thong qua
mach giao tiép s dung chip chuyén ddi tin hiéu sb
sang tuong ty MCP4822 boi truyén théng SPI véi bo
diéu khién trung tam (H. 3 a).

H. 4 Bdnh xe cao su tw nhién kem dong co khong chéi than

Pong co trong banh xe nhu mo ta trong H. 4, véi
mot dong co khong chdi than hoat dong & muc dién
ap 36VDC di kém véi cup cam bién hiéu tng Hall
cho phép b diéu khién trung tam do tc do va goc
l&ch cta banh xe so véi phuong doc.
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Viéc phan tich nay dwoc tac gia [1-3] mo ta chi tiét va
duoc thé hién lai v4i ma trdn ham truyén dugc thé
hién lai nhu sau:

H11 H12 ¢.5'+ bl _ _dl (2)
HZI sz 9 bz z'_dz

Camera

V-UAR38 Raspberry Pi 3 5inch HDMI LCD
l model B+ touch screen

Raspberry Pi
Zero W “‘
E ' I !

H.5 Téng quan hé thong ciia robot gdy

Thiét ké tong thé cua robot gay dugc chi ra cy thé
trén H. 5 v6i kha nang hién thi hinh dnh va tham $6
ctia hé thong théng qua man hinh hién thi cam tng 7-
inch v6i kha niang tuong tic tryc tiép véi nguoi sir
dung thong qua giao dién hién thi trén man hinh két
hop v6i cac phim trirc ning cing trén bang diéu
khién.

H.7 Hé toa do quy chiéu ciia mé hinh hé théng

Véi cac tham sb cia ma tran duge mo ta chi tiét
trong cac phuong trinh (3)-(9):
H,=J,+(M+m)r’ +2mrlcosg+J, +ml’

=

= 3)
a) Puong than, b) Puong con, ¢) Puong ga
H). 6 Cdéglogi cz;g”a du’d?ng d,inhgtuyé’ngcho ng)wd'i mz‘t%ogbfi)n H12 = H21 = _Jv9 _(M + m)r2 —mrl COS¢
. . “)

’Nhu trong H‘. .6, c‘h.l'mg ‘ta co n:hléu 10@}1 duong dlél‘l Hy,=J,+ ( M+ m) 2 (5)
huéng cho nguoi mu: duong thang, duong cong, va ) .
duc‘mg’gép‘khﬁc. Tuy nhién, ching c6 kich thudc va b, = —¢ mrlsin ¢ —mgl sing+ D¢ (6)
mau sac dong nhat doi véi ting quoc gia thuong la - . .
mau vang. Do d6, viéc st dung phuong phap xu 1y b, =¢ mrising+D,0 ™
hinh anh s€ tré nén hiéu qua va hop 1y hon so véi cac M6 men xoén tac dong Ién truc dong co dé didu

phuong phap phuc tap va dét tién khac dé phat hién  khién chuyén dong ciia robot gdy duge thé hién nhu
duong diéu hudng dé ho tro nguoi mu di bd. Voi loi sau:

thé: canh tranh vé mat gia thanh va cong nghé la mot H.H H
thé manh cta san pham sau nghién ctru cua tac gia. r= [ H,, ——=2 Ju —-—2Lp,
Hy, Hy,
2.1 Thiét ké bd diéu khién I
Nhu m6 ta trén H.7, m6 hinh cta robot gdy 1a m6 hinh ——2d +b,+d,
con lac ngugc truyén thong. D€ phan tich chuyén 1
dong cua hé thong nay chiang t6i st dung phwong (8)
trinh bién doi Lagrange dugc thé hi¢n nhu sau: D4 tuyén tinh hoa hé théng phi tuyén nay, tac gia
d({0L) OL J 0 stt dung phuong phap LAM nhu dugc trinh bay boi
dt\ oq ) oq =t [3], cac tham s0 tuyén tinh ctia h€ thong sau khi tuyén
i tinh héa dugc trinh bay lai nhu phuong trinh (9)-(12):
: ¢
L: Toan t Lagrangian y= I i, do+0 )
q:  Vecto toa do tong quat o H,
T: M6 men xodn tac dong 1én tryc dong co
d: Ngoai lyc tic dong 1én hé thong
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—ﬂ;ﬁé (10)
12
y= ”¢ (11)
5¢ le
62 H
3) 11
YW = g
a¢ H12 6¢H12 (12)
2y B
ogp H, H,

Gia tri d?l}l vao cua bo diéu khién duy tri sy on
dinh thang bang cia robot gay duoc trinh bay nhu
sau:

V- Lf4h(x)
LL’h(x)

H¢ so cua bd diéu khién dugc dinh nghia 1a su sai
l1&ch gitra tin hi€u hién tai va tin hiéu tham chiéu nhu

Sau:
=312 (3= 30)
=0

Céc tham sb con lai ciia phuong trinh (13) dugc
trinh bay nhu sau:

(13)

(14)

LLh(x)=— 8_2&& . 0 b Hy
. a¢ 11 a¢ H12 Hll
+ a Hll H12 bl
o4 H,
(15)
L h(x)= _8_ 1 ¢2 11¢
! o4’ H, a¢
2
_S[a_ziji# ¢
o H, JH," ~opH,
2
Lob b ,0H b
op H, H, ~04H,\H,

(16)

Tiép dén, mot bo diéu khién PD dugc thém vao

nhim diéu khién robot gdy bam theo duong dinh

tuyén cho ngudi mu, bd dicu khién ndy dwoc mo ta
nhu phuong trinh (17):

upy (1) = Kpe(t)+ K, de(t)

(17

Biéu thic tinh gan dung cta b diéu khién PD
duogc thé hién nhu sau:

up, (k) =K,P(k)+K,D(k) (18)
P(k)=e(k) (19)
D(k) = w (20)

Trong d6, thoi gian ldy mau ctia bo diéu khién nay
duogc dat co dinh nhu sau:
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T=tk)—t(k—1)=1ms 2n

Thém vao d6, mot bd giam sat phi tuyén dwoc tac

gia [3] duoc thém vao nhim wdc luong luc tac dong

tir nguoi sir dung t6i robot gay dé didu khién chuyén

dong cia robot gy theo hanh vi can thiét cua nguoi
st dung nhu sau:

: oL OL
E=—KE+K —+K| —+71 (22)
oq oq
oL
=f-K— (23)
oq
trong do:
d: Ngoai luc tac dong Ién robot giy
&:  Bién quan sat nhiéu
K:  Hé sb cua bd giam sat nhidu

Trong do, ngoai lyc tdc dong dugc wdc lugng theo
hai vi tri 1a lyc tac dong 1én gdy, va luc tac dong 1én
banh xe duge thé hién nhu sau:

oL . .
—=H,¢+H,0 (24)

oL _

L+ H,0 (25)

2.2 Thiét ké bd diéu khién

Dau tién, robot gdy v6i kha nang twy 6n dinh ma khong
can bat ky sy hd trg ndo tir ngudi dung bang cach sir
dung LAM va bg giam sat nhidu loan phi tuyén tinh
nhu trong H. 8. Véi diém bét dau 1a khoang 0,01 rad,
robot gy dat dugc diém can bang trong thoi gian
ngin manh m& on (dinh v6i vi tri nhu khong thay do6i
trong giai doan cudi ctia do thi véi vi tri ctia robot gay
hau nhu khong dich chuyén trong toan chu ky.

E R B o=

Angle [rad]

“Time [s]

“rime 151

.8 Goc va vi tri ciia robot gdy trong trang thdi tw can
bing

Thir hai, két qua cua phuong phép ng dung xur ly
hinh anh dé phat hién duong diéu huéng bang phuong
phap phat hién mau nhu trong H. 8. Piéu nay cho
thiy, khi chung t6i 4p dung phwong phap xtr 1y hinh
anh cho gay robot trong moi truong trong nha va
ngoai trdi, gay robot co thé phat hién cac dong diéu
hudéng mot cach rd nét.
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b) Ngoai troi

a) Trong nha
H.9 Két qud ciia phwong phdp xit Iy dnh

Dir liéu sau khi xir 1y s& cung cip cho bo didu
khién dé diéu khién chuyén dong cua giy robot dé
giup ngudi mu di lai dé dang hon cac phuong phap
thong thuong.

Tuy vdy, bo diéu khién c6 mét chut nhidu loan khi
diéu khién mé hinh robot gy thuc té, dao dong giao
thoa nay phat sinh khi mé hinh con lic bi ddo ngugc
c¢b gang duy tri trang thai can bang. Dé loai bo nhiéu
nay, chung tdi khuyén ban nén st dung bd loc thong
thap cho mo men xoén tac dong Ién truc dong co cua
bd didu khién.

z-current + (1 - a)z-old (26)

v6i 13 nhan t6 1am min, 0 < <1. Hé sé 1am min
nay dugc chon dya trén thu nghi€ém cho moé hinh
robot cu thé.

=Qar

current

Velocity [rad/s]

Time [s]

Velocity [rar/s]

Time sl

H. 10 Két qua ciia bg loc théng thap diroc sir dung

Nhu trén H. 10, két qua thir nghiém trén robot véi
hai phién ban ciia bo diéu khién trung tim c6 b loc
thong thap va khong c6 b loc thong thap. Nhur trén
dinh cua biéu dd, khi khong st dung bd loc thong
thap, nhidu nay kha 16n va gan nhu xay ra trong sudt
chu ky lam viéc cia robot. R4i loan nhiéu nay dugc
loai bo hoan toan khi sir dung bo loc thong thip (biéu
dd dudi cing cua do thi.

Vé6i két qua thir nghiém nay, khi ap dung bd loc
thong thap cho tin hiéu diéu khién cua bo diéu khién
gitip nguoi ding cam thay thoai mai hon khi sir dung
su hd trg tir robot gy trong qua trinh can bang va di
chuyén.
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H. 11 Robot gdy hé tro nguoi st dung trong moi truong
déc va kém bang phdng.

V61 moi truong hoat dong dugce thir nghiém 1a dbe
va kém bang phang v6i do dc vao khoang 15 d6 nhur
trén H. 9 cho ta thdy mot ing dung kha linh hoat cua
robot gdy voi cac dang mdi truong lam viéc khac
nhau ma céc thiét bi hd trg khac khong lam dwoc nhu
robot 3 banh xe hd trg di bo [5] hodc cac thiét bi tro
gitip di chuyén dang khung cong kénh [6].

o ] —
e o)~

£ngle [rad] / Postian [m]

T\mP [s)

Time Ts1

weloerty [redis]

H. 12 Két qua thwc nghiém trén méi truong doc

Két qua thir nghiém trén moi truong doc duge thé
hién trén H. 12, véi goc léch cua robot gy hau nhu
bang 0, trong khi vi tri ciia robot gdy dugc ting tuyén
tinh bam theo vi tri clia nguoi sir dung can trg gitp
khi di chuyén.

H.13  Két qua thic nghiém trong phong thi nghiém véi mé
hinh robot gdy xur dung thudt toan xu ly anh

Viéc kiém nghiém thuét toan xu 1y anh ap dung
1én mo hinh robot gdy dugc thé hién bing két qua
thyc nghiém nhu trén H. 13 va H. 14. Vi tri trong tdm
ctia dudng diéu hudng cho ngudi mu dugc thuat toan
xir 1y anh tim kiém bao gdm hinh dang ciia duong, toa
dd cua trong tdm, dién tich cia vung dugc phat hién.
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Position [rad]

Position [rad]

H. 14 Két qua dir liéu tir thudt todn diéu khién irmg dung
xu Iy anh

Robot gay duy tri trang thai can bang cho ngudi st
dung trong khoang thoi gian du chu ky cho téi 3.5s,
tiép do, khi robot gy phat hién duong diéu hudng
léch vé bén trai, robot gdy s& dich chuyén vé bén trai
tai tam cua robot v4i goc 1é€ch cua hai banh xe ddi
sung nhau & khoang thoi gian 3.5s nhu trén H. 12.

Tiép theo, khi ngudi mu c¢b ging di chuyén léch
khoi dwdng didu hudéng nhu H. 13, robot gdy ap dung
thuat toan PD, do d6 robot gay sé tiép tuc duy tri vi tri
clia ngudi str dung bam theo dudng didu hudng. Dé
c6 duoc toa do cua tim duong nhu hinh bén phai
chung t6i da ap dung cac bién phap xur 1y anh va loc
nhiu dé c¢6 dugc ving duong didu huéng chinh xéac
va 10 nét nhu hinh phia trén bén phai.

b \p

\ *

H. 15 Robot gdy duy tri trang thai diéu khién bam theo
duong dieu huong
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Tuy vy, khi ma duong diéu huéng nim ngoai
vung quan sat ciia camera hodc trong cac truong hop
khong c6 dudng didu huéng cho ngudi mu thi robot
gdy s& phat canh bao cho ngudi dung biét trang thai
xung quanh ciia mdi truong thong qua am thanh va
robot gdy s& trg giup nguoi s dung thing bang trong
khi di chuyén theo chi dan cua ngudi sir dung.

3. Kétluan
Chung t6i da thiét ké phan clmg ctia robot giy dwa
trén banh xe da hudng bao g(“)m mot camera co bd
diéu khién xir 1y tbc do cao dé phat hién cac duong
diéu huéng cua nguoi mu dé dugce hd tro di bo.

Céc két qua thir nghiém trén phin cimg cho thiy
gdy robot ¢6 hiéu qua trong viéc giip nguoi dung duy
tri thang bing va ngudi quan sat nhiéu loan phi tuyen
clia chung t6i cung cip mot phuwong phép t6t dé wéc
tinh luc cia con nguoi 4p dung cho gdy robot dé hd
trg di bd. Hon nira, bang viéc sir dung bo diéu khién
PD cho viéc diéu khién chuyén dong cia robot giy
bam theo duong dinh hudng trg gitp nguoi mu khi di
chuyén thong qua phuong phap xur ly anh da cho két
qua tot _trong diéu kién nhat dinh gop phan cho sy
phat trién ctia nghién ciru vé sau.

Trong tuong lai, chung t6i ¢6 ké hoach thir nghiém
trong moi trudng bén ngoai véi cac diéu kién moi
truong thay ddi, thém vao d6 viéc hiéu chinh cac tham
s6 cta bd diéu khién cho phu hop véi sy thay dbi cia
cac moi trudng hoat dong cling duge tiép tuc nghién
clru va phat trién trong thoi gian sip t6i.
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