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TOM TAT

Thiét ké rébot di dong cé kha ning leo cdu thang va ché vt ndng trong thoi gian qua diege

xem la mét cong viée ddy thdach thire. Trong nghién civu néy, mot rébot leo cau thang cé thé

mang dwoc vat nang co khéi lwong dén 5 Okg da duwoc thiét ké va ché tao thanh cong. Cac két

cau co khi thé hién kha nding leo lén va xudng cau thang ciing véi viéc mang dwoc tai trong lén

véi kha ndng hoat déng ban tir dong ciia rébot diroc tdp trung phdn tich, ddnh gid. Théng qua

cdc két qua mé phong va thuwee nghiém da chitng minh dwoc hiéu qua ciia rébét va la tién dé cho
cde nghién ciru khdc vé thiét ké va phdn tich rébét leo cdu thang.

Tir khéa: Robot di dong, leo cdu thang, vit ndng, leo Ién va di xuong.

ABSTRACT

Designing robot which is able to climb stairs and carry a heavy object is one of the most
difficult challenges for both legged and wheeled mobile robot. In this research, a wheel stair
climbing robot is created to help people carry an object of about 50kg weight. This research
is focused on analyzing the capability of climbing mechanisms for going up and down stairs
with the large load tolerance while operating in semi-autonomous mode. Through simulations
and experiments, the effectiveness of this robot in stairs climbing is verified, which can provide

design and analysis foundations for other stair climbing robots.

Keywords: Mobile robot, stair climbing, heavy object, going up and down stairs

1. GIOI THIEU

Thiét ké robot leo cau thang tir 1au da duoc
coi 1a thir thach ddy hap din véi cac nha ng-
hién ctru khoa hoc cho robét di dong, dic biét
1a cho ca hai dang di chuyén bang chan va
béanh robdt [1-8].

Dua trén cac nghién cuu va kinh nghi¢m,
mot trong nhitng giai phap kha thi cho robot
leo cau thang hd trg con ngudi mang véac dd
vat ning trong cudc song hang ngay 1a loai
banh xich leo nai voi khd nang chuyén cho
nhiéu hon so véi robdt di chuyén bang chan.
Trong qué khir, khi van chuyén vat ning robot
chi hitu dung trén miat dat bang phing va vat
ning phai dugc dua 1én hodc xudng cau thang

bang tay. Hién nay, c6 nhiéu nghién ctru dé
cai thién kha niang di chuyén cia robdt khi
1én xudng cau thang véi cac phuong thirc nhu
bing chan, banh hay dai cua robdt. Trong do,
robét loai banh xich dé dang diéu khién hon
va c6 kha nhiéu nghién ctru nhu loai banh xich
v6i mau trén dai [9, 12], banh xich cho hoat
dong ciru ho [4-8] va banh robdt dac biét [10,
11].

Trong nghién ctru nay, ching t6i trinh bay
cach thiét ké mot robdt ¢6 kha nang di chuyén
1én xudng cdu thang trong méi trudng séng
ctia con ngudi. Dé thuc hién duoc diéu nay,
mot dang dai c6 lyc bam cao vao cau thang
do su bién dang cua vat li€u khi cham vao cac
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canh ctia ciu thang da dugc phat trién. Nghién
ctru ciing dé xudt va phét trién mot robdt leo
cau thang c6 kha ning mang vit ning, cling
v6i viée kiém tra tinh hiéu qua va tinh kha
dung cua robot.
2. NOI DUNG NGHIEN CUU
2.1 Céc yéu cau ciia robdt di chuyén bing

banh

Trong truong hop di chuyén trén cau thang,
dang banh xich c6 mét s6 nhuge diém nhu sau:

- Khoang cach cda céac rang khong phu hop
nén khi hoat dong chi tiép xuc véi bac thang
nhu trong hinh 2. Dac biét khi robot chd mot
khéi luong 16n s& khién cho rébdt rung dong
va ¢ thé pha hiy cc canh céu thang. Theo
khao sat, luc ma sat cua robdt véi cau thang
c6 thé bi giam di khi canh cau thang bi pha
huy hoac mot trong cac rang cua banh xich bi
vuong vao vat can. Nhitng hién tuong nay sé
lam giam sy 6n dinh va an toan ctia rébot do
d6 can phai tranh.

- Hién tuong truot ¢ thé xay ra khi banh
xich tiép xuc khong du véi cau thang. Khi
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di 1én cdu thang, cac vanh dai xich chi don
gian 1a quay cho dén khi cham vao cédc bic
cAu thang. Pic biét khi robdt di xudng, du céc
ring khong cham vao bac cau thang thi robdt
van bi truot xubng.

- Kha ning chi ¢6 1 rang trén banh xich tiép
xtc véi cdu thang khi di 1én va di xuéng nhu
trong hinh 1. Do d6 khi robdt di dén cudi cau
thang thi c6 thé xay ra tinh trang c4c rang khac
trén banh xich khong c¢6 rang nao bam vao bac
cAu thang. Trong tinh hudng nay, rébdt ¢ thé
truot Xuéng hoac banh xich s€ tudt ra khoi
vanh dai cho dén khi c6 mot ring nio dé bam
duoc vao bac cau thang.

Nhitng nhuoc diém nay c¢6 thé duoc giai
quyét bang cach ting s6 luong ring trén banh
xich mot cach hop ly dé ngan ngira tinh trang
trugt cia robdt do diém tiép xtc giira robdt va
cau thang khong du nhu hinh 3. Ngoai ra, luc
tai cac rang trong truong hop nay s€ nho hon
nhiéu so véi khi rébdt chi ¢6 1 ring bam vao
cu thang. Mot 16p cao su vdi hé s6 ma sat 16n
6 thé gén thém vao bé mat cua dai dé c6 tao
nén mot luc bam tai cac bac cau thang.

—

Hinh 1: Tinh trang truot khi rébot leo cau thang

Grip point

——

Hinh 2: M& hinh rébot véi ddy dai dang ring ciimg — Hinh 3: Mo hinh bé tri cde riing trén robot theo tinh todn

Theo s6 liéu cau thang tiéu chuan & Viét Nam,
ta chon bac cau thang cé thong $6 cao h =
150mm va rdng b = 300mm.

3

’\

de déim béo hidn ¢6 it nhat 2 ring tiép xiic voi cau thang
Tur d6, tinh khoang cach gitta hai bac cau
thang lién tiép 1a:

L=+vh?+b> =/150% +300* ~ 336mm
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Dé robdt c6 thé di chuyén 1én xudng cau
thang t6t thi it nhat khoang cach gifta hai gai
bang L hay dam bao ludn s& ¢6 it nhét hai rang
tiép xtic vdi bac cau thang. Nhung dé ting do
bam va luu ¥ dén s6 liu kich thude dai, rong
ctia ciu thang trong thuc té ¢ thé thay d6i it
nhiéu, nén ta giam khodng cich gitra hai ring
lién tiép xudng mot nira.

Nhu vay khoang cach gifta hai rang lién

tiép 1a:
L
zZ=—= ﬁ =168mm
2 2
2.2 Thiét ké robot

Mot mo hinh robét leo ciu thang dd duoc
dé xuat va ché tao nhu hinh 4. Robét ¢6 tong
chiéu dai 1.142mm, chiéu rong 700mm va
trong lwong 45 kg. Robét nay c6 toe do t6i da
0.2m/s.

Hinh 4: M6 hinh rébot leo cau thang dwoc
thiét ké va ché tao
Rob6t dugc trang bi co cdu cang dai (hinh
5) d¢ tao ap luc phan bd déu trén nén dat.
Ngoai ra, rob6t con duge gin thém co cau

chéng va con lin (hinh 6). Co cdu nay c6 hai
banh dugc lap rap ¢ ciing d6 cao nhu nhau dé
tao luc can bing ¢ vung gitta vanh dai va con
lan ¢6 nhiém vy giit cho phan dai trén c6 mét lyc
cang nhét dinh (hinh 7a). Khi robt di chuyén trén
céu thang, co cau chdng nay s& nang cdnh tay va
kéo banh dai 1én, 1am cho vanh dai uén cong
(hinh 7b) va chuyén dong nay giup ngin can
su thay doi dot ngdt ctia banh dai. Khi robét
thyuc hién cic chuyén dong xoay, co ciu chong
s& duoc ha xudng dé nang robdt 1én va khu
vuc tiép dét tré nén nhoé nhu thé hién trong
hinh 7c. Chuyén dong nay giup truc quay dé
dang hon trén céc bé mit ma sat cao, ching

han nhu duong nhya.

(b)

Hinh 7: Co cau chong gom: (a) trén dat bang va (b) khi di chuyén trén cau thang (c) khi di
chuyén trén mdt dwong c6 dd ma sdt cao
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2.3 D4nh gi4 d§ 6n dinh ciia robot

Pam bao d6 6n dinh cua robét trong sudt
qué trinh leo cau thang la mot van dé& quan
trong cho phép robét hoat dong trong mot
bién d6 6n dinh giup phong ngira hidu qua
nhing bién dang cua dai, do rung va céc tac
dong do va cham. Trong thuc té, robot co thé
ngd nhao khi leo cau thang do qué trinh thay
d6i thé nang, luc nay robdt quay xung quanh
mot diém tua va chiu tac dong cua lyc khi
robdt dang ¢ trang thai nghiéng ddc 1én nén
trong tdm ciia robot ¢é gia tri cao nhit va thé
nang ciia né dat gia tri t6i da din dén robot
chi 6n dinh tré lai khi ngi ra phia sau. Nhém
nghién ctru da dua vao tidu chi danh gia 6n
dinh “Normalized Energy Stability Margin”
[13, 14] 4p dung cho cac robot di chuyén bang
chan va banh dé danh gia 6 6n dinh cta robdt
da thiét ké va ché tao.

Phuong trinh danh gia do 6n dinh D_ khi
robét leo cau thang:

D, = = (1
E,

Véi E, la thé ndng 16n nhat khi rob6t nga
trong lac di chuyén trén mat phang ngang va
E la thé nang 16n nhét khi robét di chuyén trén
cu thang. Tir cong thirc (1) va hinh 8, khi D,
< 0 thi chi ¢6 trong luc P tac dong 1én robdt
khi dang leo cdu thang la lyc lam cho robét
ngd, con khi di chuyén trén mit phing ngang
thi D_s€ c6 gia tri thidalal.

Hinh 8: Trang thdi rébot khi leo cau thang

Tur day, gia tri E dugc tinh theo cong thue:
E, = mg(yp _yP)

2
=mg(Nh* +b* —y,) v
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Véi toa do trong tam khi robot nim trén
mat phang ngang la (xp,yp) va trong tam cua
robot khi bi dung 1én thing ding 1a(x,,y,),
thé nang E, dugc tinh theo cong thirc sau khi
robdt di chuyén trén cau thang:

E, =mg(v, = p)
= mg\[y2 +(x, —5,)" +(1-cos )

()

Goc d 1a goc xoay cua robdt khi leo cau
thang, dugc tinh theo cong thuc sau:
_Fr

X, =S,

“4)

O = /2—arctan % —arctan

Trong d6 S, la khoang cach tir banh lai
10bdt tGi bac cau thang dau tién.

2.4 Két qua mé phéng va thue nghiém robot
2.4.1 Két qua mo phong véi MATLAB
Sau khi phan tich robdt, nhém nghién ciru
da tién hanh mo phong dap tmg ctia robdt qua
b dicu khién PID bang phan mém MATLAB.
Vi yéu cau gitr cho robdt chay véi van tde
6n dinh v = 0,2m/s.
a) Két qua mé phong diéu khién van tdc
dung PID cia rob6t khi di chuyén trén
dia hinh bing phing

The output of the system with close loop Fix-PID controller

)

— | S | — —rab0

Velovitvim/s

Tin;es(s) ‘

[—
—

—

Positinim

Tirr}cs(s) .

Hinh 9: Két qud mé phong vin toc khi chay
khong tai
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The output of the system with close loop Fix-PID controller

Velocitvin's)

Times(s)

Positin(m)
\

§
\

Times(s)
Hinh 10: Két qua mé phong van toc khi
r6bot chay toan tai

Tir hai hinh 9 va 10 cho thay khi robdt chay
trén mit phang ngang ¢ hai ché d6 khong tai
va toan tai thi ta thiy robdt dam bao chay
duoce véi tde dd nhuw mong mudn va hé théng
rat nhanh chong diéu chinh lai téc d6 khi c6
sai 1éch.

b) Két qua md phéng diéu khién vin toc
dung PID ciia robot khi leo dbc

(" MOBILE ) v
\_ROBOT /—=

Hinh 11: R6bét leo doc véi goc nghiéng o

Két qua dudi ddy mo phong qua trinh
diéu chinh van tc cua robdt khi leo dbc co
gbc nghiéng 1a 30° theo so d6 nhu hinh 11.

Van tc ctia robot s& anh hudng boi géc o
(hinh 11), khi r6bét leo dbc thi goca s&
thay d6i tai hai diém 1én dbc, vakhi 1 ¢ o
hét dbc. Tai diém leo dbc, khi a thay d6i s&
xuét hién luc F,, (lyc can do trong lugng ro-
bot) lam giam vén toc, va khi leo hét doc thi
Iyc F,, mat di 1am van toc robét tang lén.

The outputof the system with close loop Fix-PID controller

i\

Veloaitv(m'sy

B
Times(s)

Positin{m}

A8 ! i ; 4

I i i
0 W

"% »
Times(s)

Hinh 11: Két qua mé phong khi rébot leo doc a = 30°

Ta thdy van tdc robdt s& giam xudng khi 1én
ddc -0.18m/s va co thoi gian on dinh van tdc
khi 1én ddc 14 2s. Nguoc lai, khi robét leo hét
déc thi van toc cua né dat téi 0.55m/s nhung
thoi gian 6n dinh van téc lai nhanh hon 1s nhu
hinh 11.

¢) Két quaz mé phong diéu khién vin téc
dung PID ciia robot khi xudng doc

( MOBLE } ¥
\_ROBOT /—

Hinh 12: Mobile R6bot xuong doc véi géc nghiéng o

Két qua dudi day mo phong qua trinh diéu
chinh vén tdc ctia rébdt khi xudng dbc ¢ goc
nghiéng 13 30° nhu so db hinh 12.

Van tdc cia robot s& anh huong boi géc a
(hinh 12), khi robdt xuéng dbc thi goc o s&
thay d6i tai hai diém xudng déc va khi
xudng hét déc. Tai diém xudng déc khi o
thay d6i s& xuat hién luc F,, (luc kéo do
trong lugng robot) lam tang vén toc, va khi
xudng hét dbc thi liwc F, mat di lam van tdc
giam xuong. Ching ta s¢ mo phong b dicu
khién PID tai cdc diém d6 nhu sau:

The output of the system with close loop Fix-PID controller
T T T T
N [ s o

\ A —

Velocitvim/s)
]

Positinim )

4 % o
Times(s) |

Hinh 13: Két qud mo phong khi rébotxudng doc a = 30°

Nguoc lai voi khi leo dbe, hinh 13 cho
thay van tdc ciia robdt tang vot khi xudng doc
0.55m/s va c6 thoi gian on dinh lai gia tri van
toe 1a 1s. Khi xubng hét déc véan tde giam con
-0.19m/s v6i thoi gian 6n dinh dai 2s.

Tir cic két qua mo phong trén ta nhan thay
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b6 diéu khién dap tng tot yéu cau diéu khién
robdt v6i van tde On dinh nhu mong mudn &
tinh trang khong tai va co tai vdi géc nghiéng
t6i da khi leo dc va xudng ddc.
2.4.2 Thuc nghiém

Dé chirmg minh kha nang cua robét leo cau
thang da thiét ké, nhom nghién ciru da tién
hanh mot sé thuc nghiém. Cau thang dugce sir
dung trong cac thi nghiém c6 kich thudc chiéu
rong 240 mm va chiéu cao 150mm va thuc
nghiém cho thay rob6t da di chuyén 1én xudng
cau thang t6t. Trong cac thi nghiém, robét da
dugc thir nghiém di chuyén trén ciu thang va
trén mat dat. Ngoai khao sat van toc, sy 6n
dinh cua robot dd duge kiém tra theo phuong
phap da dé xuat ¢ phan 3 va két qua duoc thé
hién nhu trong hinh 14. Tir hinh 14, ta thay
robét ¢6 do 6n dinh giam manh khi né rdi khoi
mit dat va di chuyén trén cau thang, dac biét
& hai nic thang dau tién. Bén canh do, trong
qua trinh di chuyén d6 nghiéng cia robot ciing
dugc do va so sanh véi két qua md phong nhu
trong hinh 15, véi dudong dam 1 két qua mo
phong va duong manh 13 két qua thu duoc tir
cam bién. Goc nghiéng tang tir 0 dén gia tri
gbc nghiéng cua cau thang khi bat dau leo dén
khi robdt leo hét cau thang thi gia tri goc ng-
hiéng tro vé 0.

Ground, (a) (b) (e)d) (e) (f) Ground
w 1.0 N
Q
.08 \
0.6 R
704 N
" 1/\/1/
0
0 05 10 15 20 2:5 30 35

Time /s

Hinh 14: Khao sat do on dinh ciia rébot khi
leo cau thang

35

Rob6t da chimg t6 ¢6 thé mang vt ning
va kha nang tai trong t6i da 1a khoang 50 kg
khi di chuyén trén ciu thang ¢6 d6 déc xap xi
30°, Hon nira, robot cing hoan thanh tdt cac
thtr nghiém khi thay ddi vi tri & dau cau thang
va rob6t dé dang xoay ngay ca khi c6 cho tai
ning d¢é 18n co cau cing dai.

Ground (2) , (b) (cXd) (&) (0 Ground

351 Possieimiloioen it

Ji a

; / \,

< I \|
10 4 |

oL/ |

0 lowan 0

0 05 10 15 20 25 3
Time #/s

Pt
35

Hinh 15: D¢ nghiéng cia robot khi leo cau
thang

3. KET LUAN

Nhém nghién ctu dd ché tao thanh cong
r0bbt ¢6 kha nang leo ciu thang véi céc co
céu can thiét dé robot 6 thé di chuyén 6n dinh
trén cau thang. Cong viéc tinh todn dd xéc
dinh duoc két cdu dai véi sé luong rang du
dé di chuyén 6n dinh trén cau thang. Két qua
thuc nghiém cho thdy, co ciu cang dai [a phi
hop va c6 kha nang bam vao canh ciu thang
chic chan hon gitp cho rébdt leo viing vang.

Ngoai ra, cac thir nghiém khi robdt mang tai
16n cling dugc tién hanh. Robot da di chuyén
tot trén cac mat dudng vai cac diéu kién ma
sat khac nhau nhu duong nhya, bé tong va
gach men. Rob6t cling dd di chuyén 1én va
xudng thanh cong trén cac cau thang véi do
dbc khoang 30°. Cac két qua thir nghiém cho
thdy, mé hinh thiét ké robdt co du dicu kién va
d6 6n dinh cho céc ung dung thuc té.
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