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MO HINH HOA VA PIEU KHIEN ROBOT RAN

Nguyén Minh Tam, Nguyén Vin Phuéc
Truong Dai hoc Su pham Ki thudt thanh phé Hé6 Chi Minh

TOM TAT

Treén co sé phuong trinh dong luc hoc chuyén doéng cia robot rdn trong hai truong hop

ma sat nhét va ma sat Coulomb, chiing toi téi nghién ciu phuong phdp diéu khién chuyén

déng ctia robot rdn va thiét ké cac bd diéu khién PID véi cdc thong sb toi uu béng gidi thudt

bay dan PSO. Nghien ciu thiét ké duoc kiém nghiém bdng viéc mé phéng robot rdn gom 6

doan thuc hién trén phan mém Matlab.

Tix khéa: robot rdn, diéu khién, luc ma sdt

1. Pat van dé

Ngay nay, hau hét cac co ché robot di
dong hién nay c6 cac banh xe dugc diéu
khién béi cac dong co. Nhiing co cau robot cb
banh xe nhu vay tuong d6i hiéu qua, dé dang
diéu khién va thich hgp véi diéu khién toc
do cao trén nhing mit bang phang. Tuy
nhién, ching khong hiéu qua trong nhiing
moi truong gd ghé nhu 14 nhiing dia hinh
16m chém va lay 10i. Nhiing robot di chuyén
bang chan dang dugc tich cuc nghién ctu.
Ching cho thay tinh thich nghi véi dia hinh
cao hon nhiing robot di chuyén bing banh
xe. Tinh thich nghi véi dia hinh tham chi
con cao hon véi nhiing robot ¢6 nhiéu doan
c6 thé “bd” nhu rdn. Ngoai tinh thich nghi
v6i moi trudng ra, nhiing robot hinh ran con
cho thay nhiéu uu diém hon nhiing robot di
chuyén bang banh xe va chan. Ching c6 thé
boi 10i hoac treo lén cay. V6i nhiing kha
nang do, robot rin ngay cang dugc Ging dung
rong rai trong nhiéu linh vuc nhu: kiém tra,
nao vét cac dudng ong, tim kiém nan nhan
trong cac vu hoa hoan, dong dat, do tham
trong quan su. Trong bai bao nay ching toi
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nghién ciu robot ran “khdong c6 banh xe”.
Bai b4o chi gigi han nghién ctu su di chuyén
ctia robot ran trong khong gian hai chiéu.

2. M6 hinh cta robot rin

Xét robot rdn gom n doan két ndi véi
nhau qua (n-1) khép. Gia thiét moi doan co
khéi lugng bing nhau. O mdi khép c6 mot
dong co truyén dong cho robot. Bai bao nay
chi xét robot ran di chuyén trong khong
gian hai chiéu. Trong truong hgp nay robot
¢6 (n+2) béac tu do.

Hinh 1 Robot rdin gom n doan, n-1 khép

Robot gdom n doan, toa do trong tam
cliia mdi doan la (Xi , yi), goc hop béi modi
doan v6i phuong ngang 1a 6;, chiéu dai cta
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mdi doan 1a 2l;, oy, o, va lan lugt 1a toa do
cia diém trong tam theo phuong x va
phuong y. Bai bao nay sé xay dung phuong
trinh dong luc hoc chuyén dong cta robot
rdn trong hai trudng hop ma sat nhét va
ma sat Coulomb.

2.1. Luc ma sdt nhét

Xét doan thd i cha robot rdn md ta
trong hinh 1.

Hinh 2: Poan vi phan cia khau thit i.

Trong d6: 2l; 1a chiéu dai ca doan thi
i (Xi , yi) I1a toa do cha trong tdm cha doan
thi i; fi 1a luc ma sat gitia doan tha i va mat
phéng trugt; P; 1a vecto van toc clia doan vi
phan ds; \7ti va \7ni lan lugt 1a van toc theo
phuong tiép tuyén va phuong phap tuyén véi
doan thi i; s 1a khoang cach tir doan vi phan
ds dén diém trong tam cha doan thi i; 6; 1a
goc hop béi doan thiri véi truc x.

Luc ma sat tac dong 1én doan thi i caa

robot rin:
fy cosd -sing ]| % O |[cosg sing [ %
{fyi:l_m{sinei cos 6, }{O cni}{sinei cosej[yi}(l‘l)

Téng moment ma sit xodn quanh trong
tam cua doan tha i la:

mi|i2

li
7y = [sdf, =— (1.2)

Cniéi = _Cni"]iéi

Trong dé: C; va Cp, lan luot 1a hé so

ma sat theo phuong ti€p tuyén va phuong
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phap tuyén; dm; 1a khéi lugng clia doan vi

m..ds
phan ds (trong d6 dm;, = él ; Ji la
i
moment quan tinh cta doan thi i.
m1? s
Trong do: ‘]i :T' Chiéu duong

cia Tjdugc qui udc la chiéu lugng gidc
(nguigc chiéu kim dong ho).

Xét toan bd hé théng géom n doan.
Vecto luc ma sat f va moment xoén 7 tac

dong 1én robot dugce cho bdi:

f=—Q,D;Q)7? 1)
r=-D,0 )
Trong d6: Dy = &M 0 (3)
0 CM
D, =C,J (4)
C, -S
SH CH

C, :=diag(c[1,...,ctn)
C, :=diag(cn1,...,cnn)

Véi: Cyla he s0 ma sat theo phuong
tiép tuyén; Cni 14 hé s6 ma sat theo phuong
phép tuyén.

M =diag(m,,---,m,)

S, = diag(sin 4,,---,sin 6,)

C, =diag(cos4,,---,cos 6,)

2.2. Truong hop ma sdt Coulomb

Luc ma sat 1én doan tha i duge cho béi:

el 2als el

T, = —;yni miglidzs(v . I-éi)

{fXI
in

nj 1 i

Trong d6: 4, va [y, lan lugt 14 cac hé

s0 ma sat Coulomb theo huéng tiép tuyén
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va huéng phap tuyén véi doan thi i, g 1a
gia tOc trong truong, M; 1a khoi lugng cha

doan vi phan.

dzs(vni 1.6, ): % T[sgn(vni +0.s)s.ds
i

Xét toan bd hé thong gom n doan.
Vecto luc ma sat f va moment xodn 7 téc

dong 1én robot dugc cho béi:

f=—Q,A, sat[ng,[ﬂéJ )
r=-A,dzs(-S, C,J.L6) (6)
Trong d6 :
0 Mg
1
Ar = E:unMgL

i ::diag(utl,...,ﬂ[n)

M :=diag(ynl,.--,ﬂnn)

aH

2.3. Phuong trinh chuyén déng

Eri-1

Hinh 3: Phan tich luc tdac dong lén doan thi i cia
robot rdn
Xét khau thi i cia robot rdn goém n
doan (xem hinh 3).
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Trong d6: f; va 7; 1a luc va moment

do ma sat giita doan thi i v4 mit phang
trugt; 0; va ;4 la luc tuong téc do céac

doan k& can tha (i-1) va (i+1); U; va U;4la

moment clia dong co & khép tha i va i-1; 6;

l1a gbc hgp v6i phuong ngang cia doan thi i.
Mobi khéau thd i c6 khéi lugng 1la my,

chiéu dai 1a 2l;. Moment quén tinh téc

mil{

3

Ap dung dinh luat II Newton phan tich
timg doan sau d6 tong hop lai ta co:

FO+CO*’=D'u+r+£"f @
méo=E" f (8)

Téng hop (1),(2), (7) va (8) ta c6 phuong
trinh chuyén dong ctia robot ran:

dong 1én doan thaila Jj =

{F O}é ce’| |R Si{g| |D"| (9
+ + = u
0 ml|a 0 ST Qlla 0
Trong d6, goc tuyet doi:
o=[6, - 6]
Vi tri cha trong tam ciia robot rin:
_ Lo Z
=2 mX T
W, mi= 1|e Mx
“Tloy T 1o |Tmlem
o 1
y e My
_Zmi Yi
LMz
R S| [Dp, o] |£T T
s'" Q 0 O ET
11
A= . eR(n—l)xn
11
1 -1
D= c R(n—l)xn
1 -1
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S, =diag(sin&,---,sin 4, )
C, =diag(cos4,,---,cos6,)

1 .

L =diag(l--ly), voi | 1a = chiéu
dai cia doan tha i.

J =diag(Jy,---,J,), V6i J; 12 moment
quén tinh cia doan thd i.

M =diag(my,---,m,), véi m; la khéi
lugng cta doan thi i.

T
£=[SyNT —C,N ]
-1
N=M"D' (DM D" ) " AL

-1
H=LAT (DM ‘1DT) AL

5 _[CM 0
"l o cM
D, =C,J
SQ Cé’

¢, ~ding(c, -,

o )

2.4. Phan li dong luc hoc (Dynamic
Decoupling)

C, =diag (cnl,m

Trong phan nay, ching ta tdch phuong
trinh chuyén dong da xay dung & trén ra
hai phan: d6 12 hinh dang chuyén dong
(moment xoan & khép —>goc & khép) va su
di dong quén tinh (géc & khép —>vi tri va
huéng quan tinh). Viéc phan li nay lam don
gidn viéc phan tich va tdng hop chuyén
dong hinh ran.

Phuong trinh chuyén dong clia robot
ran da phan li c6 dang nhu sau:
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p 07y N e;Re, eS|y . eR Ko —0(10)
o mila)" s, Qo) s
4+ DF (Cé? + RO+ Se)=Bu
Trong d6:
}9’

H

@ la vecto cia goc tuong ddi gitta doan

(11)

k& can va ¥ la dong lugng géc trung binh.
0=Kg+ey
B=DF D'

1 0 —
elFe ¥
V6i phuong trinh chuyén dong da
phan li, c6 thé xay dung phuong phap
diéu khién sao cho: (1) moment xoin &
khép u diéu khién hinh ddng ¢ cta robot

ran; (2) hinh dédng ¢ diéu khién ¥ va

“1Tp-1
K=F'D'B™ p=

@ cta robot ran.

3. Phuong phap diéu khién chuyén
dong cua robot rian

Khi hinh dang ¢ cia robot rin thay

ddi, luc f va moment xoén 7 dugc tao ra do
ma sat gilia robot va bé mit truot. Két qua
la vi tri cha trong tdm @ va dong luong
goc clia toan bd co thé ¥ thay ddi. Phuong
trinh (10) cho thay c6 thé diéu khién cac
bién ¥ va @ dung tin hiéu diéu khién 1a
¢ . Bang cach tdc dong vao ¢ ta c6 thé
diéu khién robot rdn chuyén dong. Muc tiéu
clia phan nay la xac dinh phuong phap diéu
khién ¢ dé robot rdn chuyén dong theo
mdt huéng dinh truéc & mot toc do dinh
trudc v6i hieu suat chuyén dong toi uu.

Su chuyén dong cta robot rdn cé thé
thuc hién théng qua viéc thay d6i hinh
dang ¢ cha robot rin d& hinh thanh nhiing
dudng cong serpenoid.
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3.1. Puong cong serpenoid

Dinh nghia: Pubng cong serpenoid la
dudng cong cb toa dd xac dinh bdi:

x(s) =J'§cos(§a)da (12)
y(s):_[(jsin(ég)da (13)
&, =acos(bo)+co (14)

Trong d6: a, b va ¢ 1a cac hing s6 xac
dinh hinh dang ciia dudng cong serpenoid,
va s 1a chiéu dai cung tir gdc toa do t6i
diém xét.

02

Hinh (4a) Puong cong serpenoid véi b =27
va C= 0
2r

Wa=%:@a=":;08 a=*"~
3 2 3

T
Hinh (4b): Duong cong serpenoid véi a = E va

c=0
(1) b=27r;(2) b:67r;(3) b=10x

oms ‘ = - - sl ‘
-0.1 a o1 02 03 04 0s 06

T
Hinh (4c¢): Duong cong serpenoid véi d = — va

b=10x
T
mc=0.©2 C=E;(3) C=rx

Hinh 4 (a, b, ¢) trinh bay cac dudng cong
serpenoid véi cac thong s6 a, b va ¢ khac
nhau. Néu xap xi dudong cong serpenoid dudi
dang n doan thing két ndi véi nhau. Phuong
trinh (12) va (13) c6 thé xap xi béi:

i
X = Zlcos(acos(@j +E]
~n n) n
1
n

Khi d6 duong cong serpenoid ban dau
dugc xap xi béi n doan thang két ndi véi
nhau (hinh 5).

(5,70 X

Hinh 5 Duong cong serpenoid duoc xdp xi boi 4
doan thdng

Trén hinh 5, 6,14 goc cha doan thd i
hop v6i truc x. Chiéu duong qui udc cia 6,
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1a chiéu lugng giac (ngugc chiéu kim dong
ic

n
Pinh nghia:

4=0-0=asin(ip+2 |1y

¢; 1a géc tuong doi xac dinh hinh dang

\ ib
ho). Khi d6 ta c6: 6, = acos(—j +
n

cha dudng cong serpenoid roi rac (hinh5)
Trong d6:

(f]

Nhu vay, goc tuong doi ¢; thay doi theo
dang hinh sin v6i bién d0 o va do lech y.
Hai goc k& nhau c6 su chénh léch bang .

3.2. Su di chuyén hinh rdn

Chuyén dong trudn ctia mot con rin co
thé dugc bat chuéc bsi viec thay ddi goc
tuong doi ctia robot ran theo qui luat sau:

4 (t)=asin(at+(i-1)8)+y, (i=1..,n-1)14)

Trong d6 «, 5, va ¥ la nhiing thong

b

C
ﬂ:_’ Yy ==
n

n

a=a

s0 x4c dinh hinh dang cia dudng cong
serpenoid, va @ x4c dinh toc do lan truyén
séng hinh ran doc theo co thé.

Gia thiét cha ching ta 1a khi diéu
khién ¢ thay déi nhu trong (14) két hgp
v0i ma sat cha moi trudng thi Robot sé di
chuyén theo dang hinh rén. Ching ta s&
ding md phéng dé kiém ching gia thiét.
Trong phan nay ta md phéng robot ran véi

nhiing thong s sau: n=6, m; =1kg, l; =1m,
Cij = 0':I-’Cni =10

az%rad/s,ﬂzgrad/s, o=3rad/s

Két qua moé phdong chuyén dong clha
robot rdn dugc trinh bay trong hinh 6 (véi
y =0) va hinh 7(v6i y =10 deg).

Trong d6:
) 1
V=@, Cosé+w,SINE; E=— ) 6
3 00S& +aySINE ; & nzll
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V6i & la thong s6 md td huéng cha
toan bd robot rdn va v la toc do cha trong
tam theo huéng ¢ .

oshfi\

of VY f
H

Fhi frad)

05 [ A

()

n|l

Toe do (mis)

[
4

0
3 E o
2
1
o
<1

| o |
] 5 10 15 ] 5 0 15
Time (5)

Tme (s)

Hinh 7: Chuyén dong hinh rdn(y = 10 deg)

Tir k&t qua md phéng & hinh 6 va hinh
7 ta thay rang khi = 0 thi robot rin di
chuyén theo duong théng va khi ¥ # 0 thi
robot ran di chuyén theo mot duong tron.
4. Thiét k& hé thong diéu khién

Trong phan trude, ta thdy @ va ¥ lan
luot 1a hai thong s0 xac dinh toc do va
huéng ctia robot ran. Do dé, ta ¢d dinh o,
p va st dung @ va y dé diéu khién toc do
va huéng ctia robot rén. Trong phan nay, ta
xay dung md hinh robot rin véi 6 doan
(n=6), khdi lugng mdi doan m; =1kg, chiéu

dai mdi doan |, =1m ¢,;=0.1,

T
Cti=10, a:% va IB:E

Hinh 8 trinh bay so do khéi cia hé
thong diéu khién robot ran. Bo diéu khién
bao gom 2 cap diéu khién:
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(0] + v
C, = O
=4
-
7 [=
T v " e =i -
I (-.: A
h A
é»
+o : 3

C‘,, - Robot rin

Hinh 8: So dé khéi hé thong diéu khién robot rin

4.1. Bo diéu khién dia phuong:

Ching ta sé dung 5 bd diéu khién PID
cho bd diéu khién dia phuong C¢(S) co
nhiém vu tao ra tin hiéu diéu khién cta
dong co & cac khép, nhim muc dich diéu
khién tao ra moment u sao cho tin hiéu héi
ti€p ¢ bam theo tin hiéu dat ¢*. Tin hiéu
@* 18y tu b bién d6i T vdi :

¢* = asin(ot +(i-1)p)+y,i=1..5
Ham truyén cia mdi bd diéu khién

C¢(S) nhu sau: C,(s) = K, +%+ Kps

Hinh 9 So d mo phéng bo diéu khién C, cia

robot trén phan mém Matlab

4.2. Bo diéu khién vong ngodi:

Bo diéu khién toc d0 va huéng cla
robot rn st dung hai b diéu khién C, va
C,dé thuc hign chuyén dong mong mudn
V' va & . Céc bo didu khién C, va C, dugc
st dung 14 hai bd diéu khién PID véi:

4.2.1. B6 diéu khién van toc

Ham truyéen C,

C,(s) =Ky, +% +Kps
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1

Van toc

Subsystem

Hinh 10 So dé6 mo phdéng bo diéu khién vdn toc

(CU) ctia robot rdn

4.2.2. B6 diéu khién huéng
Ham truyén C P

K
C.(s)=K,, +f+ Kp,S

Subsystem

Hinh 11 So dé6 mé phdéng bo diéu khién vdn toc

(C; ) ciia robot rdn

4.2.3. Bo diéu khién toan hé thong

e
= N
S B

s1

Hinh 12: So do moé phéng toan bp hé théng

Cac thong s6 Kp, K;, Kp, Kp1, Ki1, Kps,
Kpg, K]2 va KD2 cua cac b6 dléu khlén PID
cia by dieu khién C,, C vaC, t6i uu
thong s0 st dung gidi thuat PSO: n=50
(kich thu6c quan thé), bird_step=3 (kich
thuée tim kiém); dim = 9 (s6 bién Kp, K;,
Kp cia 3 bo PID); ¢; = 0.1;co = 0.2 (hé s&
gia toc); w = 0.2; trong s6 PSO.

Ham thich nghi fitness= Iez (t)dt
0

Qua trinh cip nhap particles dua theo
cong thie (15), (16)
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5w e rand Ot Poest,, <xD) (g5 L
+¢, *Rand () * (Ghest,, — x)) ‘- G :
m m im > N yoees ZZ?F N JF\\\/#

Trong dé6: Ppes: 12 gia tri tot nhat cho
dén thoi diém hién tai clha ca thé tha i
trong quan thé; Gy 12 vi tri tot nhat cha
c4 quan thé tai thoi diém hién tai; k 1a s6

. B
lan lap lai; Vi(,n? : Van toc cha ca thé tha i tai

thé hé thi k; rand () 14 modt s6 ngau nhién :
trong khoang (0,1); Xi(,i:n) 12 vi tri ca thé tha : ; 5 : :
i tai th& he thd k; khéi dong quan thé dau Hinh 16: D6 thi géc §
tién: khéi dong ngau nhién.

Ham truyén cia b9 diéu khién C,,
C,vaC, sau khi tif chinh dinh ding gidi  g—2Tradva & = wA (rad), v* =1(m/s)
thuat PSO: ! 6

C, (s) = 48.5536 +14.74465

C,(s) _1.0219+ 272078 16 420895
S

¢ 2 N 2 s T
Két qua modé phong véi aZErad,

Hinh 17: Do thi goc huéng &

C,(s)=0.79193 +0.3998 s

5. K&t qua mo phéng

2 e 3 p - Hinh 18: D6 thi van toc L
Trong moé phéong dugi day, ching ta sé

md phéng véi nhitng thong s nhu sau: n = H + e~ T /',/—#
6, m=1lkg va lj=1m, c, =01, } , {
r L D N
Cp =10, a="rad va ﬂ:z_ﬁrad. o — — —
| 6 6 éj}i‘.ﬂ;‘:ﬂ N = - o ; 2
Hinh 19 Dé thi géc ¢

robot rdn trén phan mém matlab » w1 . T
Két qua md phéng véi a = E rad,

Két qua mod phong v6i a= % rad, 5
b= ?ﬂrad va & =2 (rad), v*=1(m/s)

B = %Trad va §*= 0 (rad), v*=1(m/s)

- i L L |
(] 5 10 5 £ £

5 0 g‘; 2 F-] 1fs)
Hinh 14: D6 thi géc huong & Hinh 20: D6 thi huong &

29
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hinh ddng ¢ cla robot rin; (2) hinh déng

¢ diéu khién ¥ va @ cla robot rin.

- Su chuyén dong cta robot ran c6 thé
thuc hién thong qua viéc thay d6i viéc
thay déi hinh dang ¢ cla robot rdn dé

W hinh thanh nhiing dudng cong serpenoid.
: : : : : - Ttr md hinh robt rn véi 6 doan (n=6),
: 5 ‘ ‘ f khoi lugng mdi doan m; =1kg, chiéu dai
T T T T T ~ T
Lo ] mbi doan |;=1M, ¢,=0.1, ¢ = 10, a=g
V\‘/‘\_‘/\‘_/{ 7[ A7 z z - A - 2
; : ‘ : va f3 :E thiét ké hé thong dieu khién

Hinh 22: D6 thi goc ¢

phi (rac)

phi2irac)

phi3irad)

phidrad)

phisirad)

bao gom bo diéu khién dia phuong va bd

4. K&t luan diéu khién vong ngoai.
- Trén co s6 phuong trinh dong luc hoc - Ung dung phuong phap giéi thuat bay

chuyén dong cta robot rin trong hai truong  dan PSO dé xdc dinh céc thong s cla cac
hgp ma sat nhét va ma sat Coulomb, véi b9 diéu khién PID.

phuong trinh chuyén dong da phan li, c6 - Mo phong hé thong diéu khién trén
thé x4y dung phuong phap diéu khién sao  Matlab, kiém tra chdt lugng va tinh bén
cho: (1) moment xo0dn ¢ khép u diéu khién  vimg clia hé théng didu khién.

&

THE MODELING AND OPERATION OF SOLID ROBOT

Nguyen Minh Tam, Nguyen Van Phuoc
University of Technical Educaton Ho Chi Minh City

ABSTRACT

On the base of the kinetic equation of the solid robot’s movement in two cases: viscous
friction and Coulomb friction, we study the method of controlling the solid robot’s movement
and design the PID control with optimal parameters by PSO swarm algorithm. The design
study is tested by the simulation of the solid robot in the Matlab software.
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