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MO HINH HOA VA PIEU KHIEN ROBOT RAN
MODELING AND CONTROL OF SNAKE ROBOTS

Nguyén Vin Phuéc
Truong Pai Hoc Ton Puc Thang

TOM TAT

Hién nay, mé hinh héa va mé phong cdc Robot tré nén can thiét @é dwa ra nhitng quyét dinh
diing dan tmm’c khi ap dung vao thiee té. Bai bdo nay trinh bay vé viéc xdy diwng mé hinh héa
mé td co cdu chuyén dong va phu"ong phap diéu khién ciia robot Ran. Sir dung cdc b diéu
khién PID dé lam b dzeu khién ciia Robot. Két qua mé phong robot Ran gom 6 doan dwoc
thuee hién trén phan mém Matlab/Simulink cho thdy cdc tin hiéu ngé ra ddp iing cdc tin hiéu
ngo vao.

ABSTRACT

Currently, modeling and simulation of Snake robots become necessary to correct decision
prior to the actual application. This paper presents the construction of the modeling
describing the movement structure and the control method of the Snake robots. The PID
controllers are used as robot controllers. Results of the Snake robot simulation including six
links are performed on Matlab/Simulink which is proved that the direction signal, velocity

and angle phi of the output signals response to the input signals.

I. PAT VAN DPE

Ngay nay, hau hét cic co ché robot di dong
c6 céac banh xe duge diéu khién boi cac dong
co. Nhitng co ciu robot c6 banh xe nhu vay
tuong d6i hiéu qua, dé dang diéu khién va
thich hop véi diéu khién tbc do cao trén
nhirg mit bang phang. Tuy nhién, ching
khong hiéu qua trong nhitng moéi trudng gd
ghé nhu 14 nhimg dia hinh 106m chom va lay
16i [1-3]. Nhitng robot di chuyén bang chan
dang duogc tich cuc nghién ctu [4,5]. Ching
cho thdy tinh thich nghi véi dia hinh cao hon
nhimng robot di chuyén bang banh xe. Tinh
thich nghi v6i dia hinh tham chi con cao hon
v6i nhitng robot c6 nhiéu doan co thé “bo”
nhu Rén [6]. Ngoai tinh thich nghi voi moi
truong ra, nhitng robot di chuyén hinh Rén
con cho thay nhiéu vu diém hon nhiing robot
di chuyén bang banh xe va chan. Chang c6
thé boi 161 hodc tréo 1én cay [7,8]. Véi nhitng
kha ning do, robot Rin ngay cang duogc Gmg
dung rong rii trong nhiéu linh vuc nhu:
kiém tra, nao vét cac duong 6ng, tim kiém
nan nhan trong cac vu hoa hoan, dong dat,

do tham trong quan sy. Ran di chuyén sé& c6
hinh dang ngoan nghoco va uén luon. Vi thé,
Hirose [9] da nghién ctru va cho thay co thé
ctia ho Ran di chuyén theo dang duong cong
Serpen01d Hon thé nita, dic tinh quan trong
ctia Ran trong viéc dat dugc van tdc ngoan
nghoéo 13 khac biét trong ma sat tiép tuyén
va hudng di chuyén binh thuong dbi véi co
thé chiing. Dic biét, ma sat binh thuong co
xu huéng 16n hon so v6i ma sat tiép tuyén,
dan dén tranh mat truot. Dua trén thuc té
nay, Hirose da xay dung nhiing duong cong
ubn luon rong Ran va phat trién thanh mot
phuong phap diéu khién dé lam chung di
chuyén dén mot huéng mong mudn & mot
téc d0 mong mudn. Bai bao nay, ching toi
trinh bay robot Ran “khong c6 banh xe” voi
nhiing tiém ning dang ké dé thich ung dbi
vo1 moi truong, ddc biét 1a hi¢u suét nang
luong. Muc tiéu cta chung toi 1a thiét lap
mot md hinh toan, phan tich va téng hop
cac di chuyén ngoan nghoéo cia Réin. Su di
chuyén ctia robot Ran dugc giéi han trong
khong gian hai chiéu va dia hinh bang phang.
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I1. MO HINH CUA ROBOT RAN

Robot Rin gém n doan két ndi voi nhau qua
(n-1) khép duge mo ta nhu Hinh 1.

Gia thiét mdi doan c6 khoi lugng béng nhau,
toa dg trong tdm cﬁa~ mdi doan la (x:,¥,),6,
la goc hop bdi moi doan véi phuong

ngang, chi€u dai ciia moi doan 1a 2/, w, va

o, lan luot 1a toa d6 cua diém trong tam
theo phuong x va phuong y. Su chuyén
dong cua robot Ran dua trén luc ma sat va
momen xodan cua than robot Rin va mat
phang.

Y

Hinh 1. Robot Rin gom n doan, n-1 khép.

1. Luc ma sat

Hinh 2. Doan vi phan cua khdu thir

Hinh 2 mb ta doan thir i cua robot Rén, véi
(x;,y,) la toa do trong tam cua doan thur i,
£, 1a luc ma sat gitra doan thtr i va mat
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phéng truot, p, 1a vecto van tdc cua doan vi
phan ds, Vti va Vni lan luot 1a van tc theo
phuong ti€p tuyén va phuong phap tuyén voi
doan thtr i, s la khoang cach tur doan vi
phan ds dén diém trong tdm cua doan thur 7.

Luc ma sat Jur Sy thc dong 1én doan thu i
cua robot Ran dugc mo ta theo [10]:

Iy cos) —sind||¢ O |[ cost sing ]|,
=—m.

1 "|sing, cosd, || 0 ¢, | -sing cos | j, (1)

Tong moment ma sat xoan 7, quanh trong

tam cua doan thir 7 la:

I 2
Ti = ISdﬁli = _n/l:l),llcnlel = _Cnl"]igi (2)

Vi c; va Cp, 1an luot 12 hé s6 ma sat theo
phuong tiép tuyén va phuong phap tuyén,
dm; la khéi luong ctia doan vi phan ds, J ;
la moment quan tinh cta doan thir i .

Vecto lyc ma sat £ va moment xodn 7 tac
dong lén toan bd hé thong géom n doan robot
duoc cho boi:

f=-Q,0,0z2r=-D6 O

Trong do

26" oS

C, =diag(c,,....c, ),C, =diag(c, ,....c, )
D, =C,J,M =diag(m,,---,m,)

S, =diag(sin@,,---,sin6,)

C, =diag(cos@,,---,cos6,)

2
dm, = m,.ds J = ml;
21, 3

i

2. Phuong trinh chuyén dong ciia robot
Ran
Poan thtr i cta robot Rin gé)m n doan duoc

trinh bay ¢ Hinh 3, v6i g; va g, ; 1a luc
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tuong téc do cac doan ké can thtr (i+1) va
(i—1), u; va u, ; 1a moment ctia dong co &
khép tha i va i—1, 6, 1a goc hop véi

phuong ngang cua doan thr i, m; 1a khéi
lwong cua doan thir 7.

Hinh 3. Phan tich luc tac dong lén doan thir i

Phuong trinh dong luc hoc ciia robot rin
duoc mo ta nhu sau:

FO+CO*=D"u+t+£"f
mé=E"f

“4)
)

T (3), (4) va (5) ta c6 phuong trinh dong luc
hoc cua robot:

F 0lé| [co*| | R S|o| |D"

+ + = u (6)
o el Vs o]
Phuong trinh (6) dugc phan tich thanh
2 thanh phan: Hinh dang chuyén dong
(moment xodn & khép >goc ¢ khop) va su
di dong quan tinh (goc ¢ khép = vi tri va
hudng quan tinh). Phuong trinh (6) dugc viét
lai nhu sau:

I M
¢+DF(C6O* + RO+ S) = Bu (8)

Vi 6 1a goc tuyét ddi, o la trong tam cua

robot, ¢ 1 vecto cia goc twong ddi giira
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doan ké can, ¥ 1a dong luong goc trung
binh.

1 &
7Zmixi T
9:[91 ...gn]T’a):[a)x}: m g :1|:e Mx:l

izn:ml_yi m eTMy
m°Z

R S| [D o] |£"

33 Enomin

_1 .1 .

1-1
o |eRUM D= o e RV
1 1 -1

M=diag(m],---,mn),,]:diag(J]’...’J )

__eO _ T n _ N
E—_0 e},e—[l-ul] €R ,m—;mi

A=

F=J+S,HS, +C,HC,.£&=[ S,N" ~C,N" |
N-M'D" (DM"'D")" AL,H=LA" (DM™'D") " AL
C=S,HC,~C,HS,,D,=C,J,e, = pe

C = diag(ctl e, ),Cn = ah'ag(cn1 G, )

[c, =S TfcM 0
QO_[S;) Cﬂ’Df{ 0 C"M}

B=DF"'D",K=F"'D'B",L=diag(l,,---,1,)

¢ = D ) ‘: j / :L
|:W eTF 9,9 K¢+epy/ap eTFe‘

IIIl. PHUONG PHAP PIEU KHIEN
CHUYEN PONG CUA ROBOT RAN
Khi hinh dang ¢ cta robot Rén thay doi, luc
f va moment xodn 7 dugc tao ra do ma
sat gilra robot v4i1 bé mat trugt. Két qua la
vi tri cua trong tdm @ va dong luong goc
ctia toan bo co thé i . Phuong trinh (7) cho
thiy co thé diéu khién cac bién v va @& dé
diéu khién géc ¢ . Muc tiéu cia phan nay
1a x4c dinh phuwong phap diéu khién ¢ dé
robot Ran chuyén dong theo hudng va toc do
dugc dinh trude voi hi¢u suat chuyén dong
toi uu. Robot chuyén dong thong qua viéc
thay d6i goc ¢ dé hinh thanh nhiing duong
cong Serpenoid.

Duong cong Serpenoid [9] 1a duong cong
c6 toa do xac dinh bdi phuong trinh (9) va
phuong trinh (10).
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Pudng cong Serpenoid v6i n doan thang lién
két voi nhau dugc xap xi thanh 2 phuong
trinh nhu sau:
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x(s):IO cos(&, )do 9)
S .

y(s):jo sin(&, )do (10)

&, =acos(bo)+co

Trong d6 a, b va ¢ 13 cac hing sd xac dinh
hinh dang cua duong cong Serpenoid va s
1a chiéu dai cung tir gbc toa do ti diém xét.
Puong cong Serpenoid véi cac thong sb a,
b va c¢ khac nhau dugc trinh bay & Hinh 4,
Hinh 5 va Hinh 6.

Hinh 4. Duong cong Serpenoid voi b =25 va
c=0

! !
(1)b=2x
4] @) b=6n
sisp (@) b=10n

L L L L L L i L L
0 0.05 0.1 015 0.2 025 0.3 0.35 04 0.45 0.5

Hinh 5. Duong cong Serpenoid voi a=m/2 va

c=0

Hinh 6. BPuong cong Serpenoid voi a=r/2 va
b=10rx .

X; = ; lcos acos(k—bj+ﬁ
l ah n n (12)

V; :ilsin[acos(@j+ﬁj (13)
n

k=17 n
Khi d6, duong cong Serpenoid dugc veé lai

xap xi bdi n doan thang két ndéi véi nhau

duoc mo ta & Hinh 7.

/ (XA,}Q) ¢4_‘,

(5000 X
Hinh 7. Puong cong Serpenoid dwoc xdp xi
thanh 4 doan thang.

Trong d6 6; 1a goc cua doan thir i hop voi
truc x.

0, = acos(éJ+E

n n

Véi ¢, =6, -6, :asin(iﬁ+§j+y

@, 14 goc twong déi x4c dinh hinh dang cua
duong cong Serpenoid roi rac (Hinh 7) va
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sin() ¢

a=da

b
s IB =7
n
Nhu vay, goc twong doi ¢, thay doi theo
dang hinh sin v6i bién d0 o va dd 1éch
¥ . Hai goc ké nhau chénh léch bang 3.
Sw di chuyén hinh Rin: Chuyén dong
truon cia mot con Ran co thé bat chudc boi
viéc thay d6i goc twong d6i @, clia robot Rin

theo quy luat sau:

@(t)zasin(a)t+(i—1)ﬂ)+7, (i=1...,n-1) (14)

Trong d6 a, 3, va y la nhiing thong s xac
dinh hinh dang ctia dudng cong Serpenoid,
va @ xac dinh toc d6 lan truyén song hinh
Rin doc theo co thé. Gid thiét khi diéu khién
thay doi ¢ tir cong thirc (14) va két hop véi
ma sat ciia moi truong thi Robot s& di chuyén
theo dang hinh Réin. Céc thong s6 mo phong

chuyén dong ctia robot Rin:

n=6,m =1kg,l. =lm,c, =0.1,c,, =10

a =%(rad/s),,8 :%(md/s),a) =3(rad / 5)

Két qua mo phong chuyén dong cta robot
Rin dugc md ta & Hinh 8 va Hinh 9. & 1a
thong s6 mé ta hudng cta toan bo robot Rin
va v 1a tdc d6 cua trong tam theo hudng &
va & dugc tinh boi:

1 : o
& :;Zel-,v =, COSC + @), SIN¢
i=1

Tir két qua md phong & Hinh 7 va Hinh 8
cho thay khi y = 0 thi robot Réan di chuyén
theo duong thang, khi ¥ # 0 thi robot Ran di

chuyén theo mot dudng tron.
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P
— phid
— phi5

I

y (m)

i
i

|

phi {rad)

o
=

o
=

=
]

=]

=
[

“an toc trung binh v (m/s)
o = M M
“an toc goc trung binh (rad/s)

=
=
o

Hinh 8. Chuyén dgng hinh Rdn (y=0).

— Trong tam
— Dau

phi (rad)
y ()

Wan toc trung binh v (més)

(=]

Yan toc goc trung hinh (rad/s)

m

Hinh 9. Chuyén dong hinh Rén (y =10 deg).

IV.THIET KE HE THONG PIEU KHIEN

@ va y lan luot 1a hai thong sé xac dinh
tde do va hudng cua robot Rén dugc mo ta
& phuong trinh (14). Ching ta ¢6 dinh «
va B thay doi @ va y dé diéu khién toc
do va hudéng cua robot Ran. Cac thong sb
mo phong chuyén dong ciia robot Ran trén
Matlab:

n=6,m =1kg,l. =1m,c, =0.1,c,, =10

T T
o= g(md /s), B :§(rad /s),w=3(rad /s)
CAu tric bo diéu khién cta robot Rin [10]
duoc trinh bay & Hinh 10 bao gom 2 cap diéu

khién: Diéu khién vong trong va diéu khién
vong ngoai.
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a + 13
“ e X
5*
s -~
T C. fe————O=-—1——
¢ 'y
¢
+ _ é: 15
C¢ » Robot rin

Hinh 10. Céu triic bé diéu khién robot Ran.

1. B9 diéu khién vong trong Cy (s)

Bo diéu khién C,(s) duoc dung dé diéu
khién dong co & ciac khop nham tao ra
moment u dé tin hiéu hoi tiép ¢ bam theo
tin hiéu dat ¢*. Tin hiéu ¢* lay tir bd bién
doi T trinh bay ¢ phuong trinh (14) dugc viet
lai nhu sau:

¢*=asin(a)t+(i—l)ﬁ)+7/ (15)

B¢ diéu khién Cj(s) dugc sir dung b diéu
khién PID. Tin hi€éu ngd vao cua bd diéu

khién gom w, o, y va £, tin hitungdra ¢,
& va v. Cac thong sO cua by dieu khién

Cy(s) gom K,, K, va K, .

2.Bo diéu khién vong ngoai C,(s) va
C.(s)

B6 diéu khién C L(s) va C (s) diéu khién
tbc do va hudng cua robot Ran dé dat duoc

. . * * . .2
toc d mong muon v va & . B diéu khién

C,va C,dugc str dung gém hai bo diéu
khién PID

B§ diéu khién van toc C,(s) c6 tin hidu dau
vao v va tin hiéu ngd ra ¢, & va v. Céc
thong s6 ctia bo dicu khién C,(s) gom K,
K,,vak,,.

Bo diéu khién hiéng C,(s) c6 tin hi¢u dau
vao & vatin hiéu ngdra ¢, & va v. Céc
thong s6 cua bo diéu khién C (s) gom K Pis
K,; va K.

Cac thong s6 K, K, K, clia cac by dicu

khién C¢( s), C,(s) va C (s) duogc str dung
phuong phép thir va sai co két qua nhu sau:

K, =39.5789,K,, =9.1405,K ,, = 25.9837
K,,=10.1197,K,, =0.79193,K ,, = 0.3998

vy

Hinh 11. So dé khéi mé phéng robot Ran.

V. KET QUA MO PHONG

Cac thong s6 md phong robot Rin trén
Matlab nhu sau:

n=6,m,=1kg,l, =1m,c, =0.1,v =1(m/s),c,, =10

>t

E="(rad/s),a="(rad/s),p =" (rad /s)
4 6 3
o =3(rad /s)

Hinh 12 va Hinh 13 mo ta van tdc v va huéng & chuyén dong cua robot Ran.

[—==v
=0

I
1s 20 25 30

sy

Hinh 12. Do thi vin toc L



Tap Chi Khoa Hoc Gido Duc Ky Thudt (28/2014)
Trwong Pai Hoc Sw Pham Kj Thudt Tp. Ho Chi Minh

51

Két qua mo ta & Hinh 12 dat gia tri x4c 1ap sau khoang 5s v6i do vot 16 30%.

Huong {fad)
\

Hinh 13. D6 thi hwéng &

Két qua mo ta ¢ hinh 13 dat gia tri xac lap sau khoang 8s vai do vot 16 15%.
Hinh 14 mé ta cac goc phi tai cac khdp cua robot Ran.

il

Tt

Fie]

Hinh 14. D6 thi goc ¢

Hinh 15 mé ta hinh dang chuyén dong cua
robot Rin twong tng & goc /4.

30

20 t=20s

10 /
0

Hinh 15. D6 thi hinh ddng robot di chuyén.

TAI LIEU THAM KHAO

VL. KET LUAN

Trong bai bdo nay da trinh bay phuong trinh
dong luc hoc cua robot Rén trén khong gian
hai chiéu, khao sat cac yéu td anh huong dén
chuyén dong ciia robot va sir dung phuong
phap thir va sai dé xac dinh cac thong s6 PID
ctia céc bd diéu khién. Diéu khién robot Rén
chuyén dong duge dua theo quy luat duong
cong Serpenoid. Két qua md phong robot
Rin gém 6 doan trén Matlab cho thay cac tin
hiéu ngd ra dap Gmg cac tinh hi¢u ngd vao,
hinh dang robot Réan di chuyén gidng Réin
that va cho théy tinh 6n dinh cua hé théng.
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