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ABSTRACT: In this paper a robust control is applied to a two-wheeled mobile
manipulator (WMM) to observe the dynamic behavior of the total system. To do so, the
dynamic equation of the mobile manipulator is derived taking into account parametric
uncertainties, external disturbances, and the dynamic interactions between the mobile
platform and the manipulator; then, a robust controller is derived to compensate the
uncertainty and disturbances solely based on the desired trajectory and sensory data of the
joints and the mobile platform. Also, a combined system which composed of a computer and a
multi-dropped PIC-based controller is developed using USB-CAN communication to meet the
performance of demand of the whole system. What’s more, the simulation and experimental
results are included to illustrate the performance of the robust control strategy.
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1. INTRODUCTION

The design of intelligent, autonomous machines to perform tasks that are dull, repetitive,
hazardous, or that require skill, strength, or dexterity beyond the capability of humans is the
ultimate goal of robotics research. Examples of such tasks include manufacturing, excavation,
construction, undersea, space, and planetary exploration, toxic waste cleanup, and robotic
assisted surgery. Robotics research is highly interdisciplinary requiring the integration of
control theory with mechanics, electronics, artificial intelligence, communication and sensor
technology.

A mobile manipulator is of a manipulator mounted on a moving platform. Such the
combined system has become an attraction of the researchers throughout the world. These
systems, in one sense, considered to be as human body, so they can be applicable in many
practical fields from industrial automation, public services to home entertainment.

In literature, a two-wheeled mobile robot has been much attracted attention because of its
usefulness in many applications that need the mobility. Fierro, 1995, developed a combined
kinematics and torque control law using backstepping approach and its asymptotic stability is
guaranteed by Lyapunov theory which can be applied to the three basic nonholonomic
navigations: trajectory tracking, path following and point stabilization [2]. Dong Kyoung
Chwa et al., 2002, proposed a sliding mode controller for trajectory tracking of nonholonomic
wheeled mobile robots presented in two-dimensional polar coordinates in the presence of the
external disturbances [5]; T. Fukao, 2000, proposed the integration of a kinematic adaptive
controller and a torque controller for the dynamic model of a nonholonomic mobile robot [4].

On the other hand, many of the fundamental theory problems in motion control of robot
manipulators were solved. At the early stage, the major position control technique is known to
be the computed torque control, or inverse dynamic control, which decouples each joint of the
robot and linearizes it based on the estimated robot dynamic models; therefore, the
performance of position control is mainly dependent upon the accurate estimations of robot
dynamics. Spong and Vidyasaga [8] (1989) designed a controller based on the computed
torque control for manipulators. The idea is to exactly compensate all of the coupling
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nonlinearities in the Lagrangian dynamics in the first stage so that the second stage
compensator can be designed based on linear and decoupling plant. Moreover, a number of
techniques may be used in the second stage, such as, the method of stable factorization was
applied to the robust feedback linearization problem [9] (1985). Corless and Leitmann [10]
(1981) proposed a theory based on Lyapunov’s second method to guaranty stability of
uncertain system that can apply to the manipulators.

In this paper, a robust control based on the work of [11] was applied to two-wheeled
mobile platform and a 6-dof manipulator taking into account parameter uncertainties and
external disturbances. In [11], the controller was only applied to a two-link manipulator, and
the platform is fixed. To design the tracking controller, the posture errors of the mobile
platform and of the joints are defined, and the Lyapunov functions are defined for the two such
subsystems and the whole system as well. The robust controllers are extracted from the
bounded conditions of the parameters, disturbances and the sensory data of the mobile
manipulator. Also, the simulation and experimental results show the effectiveness of the
system model and the designed controllers. And this works was done in CIMEC Lab.,
Pukyong National University, Pusan, Korea.

2. DYNAMIC MODEL OF THE WMM

The model of the mobile manipulator is shown in Fig. 1.

First, consider a two-wheeled mobile platform which can move forward, and spin about its
geometric center, as shown in Fig. 2. The length between the wheels of the mobile platform is
2b and the radius of the wheels isr, . {OXY} is the stationary coordinates system, or world
coordinates system; {Pxy} is the coordinates system fixed to the mobile robot, and P is placed
in the middle of the driving wheel axis; C(x,,y.)is the center of mass of the mobile platform
and placed in the x-axis at a distanced from P ; the length of the mobile platform in the
direction perpendicular to the driving wheel axis is a and the width is L . It is assumed that the
center of mass C and the origin of stationary coordinate P are coincided. The balance of the
mobile platform is maintained by a small castor whose effect we shall ignore.

Fig 1. Model of the mobile manipulator
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Fig 2. Mobile platform configuration

Second, the manipulator used in this application is of an articulated-type manipulator with
two planar links in an elbow-like configuration: three rotational joints for three degrees of
freedom. They are controlled by dedicated DC motors. Each joint is referred as the waist,
shoulder and arm, respectively. Also, the manipulator has a 3-dof end-effector function as roll,
pitch and yaw; and a parallel gripper attached to the yaw.

The length and the ~center of mass of each link are presented
as (Lp1,Zp1) s (Lp2sZpo) » (L3 Zp3) 5 (LpasZps) »(Lps, Zys) , respectively. The geometric model
and the coordinate composed for each link is shown in Fig. 3.
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Fig 3. Geometry of 6-dof manipulator
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The dynamics of the mobile manipulator subject to kinematics constraints is given in the
following form [11]:

[Mll Mlzj[éjvj+(cll Clz](qv}r(ﬂ}r Al (g2 N

My My \G,) \Ca1 Cxp\4a) \I2 0
(lejz(Evrvj
Td2 Tq

The system constraint Eq. (1) can be simplified to the nonholonomic constraint of the
mobile platform only as follows:

Av (QV)q.v =0 (2)

(1

where 7, e R™™" represents the actuated torque vector of the constrained coordinates;

E, € R™") the input transformation matrix; z, e R", the actuating torque vector of the free
coordinates; 7, and 74, , disturbance torques.

According to the standard matrix theory, there exists a full rank matrix
S,(q,) e R™™ ) made up by a set of smooth and linearly independent vector spanning the
null space of 4,, that is, S (¢,)4! (¢,)=0. From Eq. (2), we can find a velocity input vector
n(t)e R™" such that, for all t,

4y = S(q,)n 3)

The Eq. (3) is called the steering system, and 17 is known as a velocity input to steer the state
vector ¢ in state space. Furthermore, S(g, ) is bounded by S(¢, ) <<, ¢ is a positive number.

2.1 Tracking Controller for the Mobile Platform

YA

Yr

Fig 4. Kinematic analysis of tracking problem
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The tracking errors of the mobile platform are given as follows [2]:

e cosd sinf Ofx.—x
e=|ey |=|—sinf cosf 0|y, -y (@)
e3 0 0 16,.-6
The first derivative of errors yields
€ -1 e Vv, COSe;
é =] 0 —¢ {v} +| v, sine; ®)
sl o 1| o,

The Lyapunov function is chosen as

1 2 1 5 Il-cose;
Vo=—ef +—e) +—— 6
0 =S¢ +t5e 5 (6)
The derivative of 7/ can be derived as

sin e;

Vo =e (—v+v, coses) + (0, —o+kyeyv,.) @)

2
The velocity control law 7, achieves stable tracking of the mobile platform for the
kinematic model as

Vg V, COs ey +k1€1
Nd = = . (8)
Wy @, +kyv,.ey +ksysine;
Where &y, k, and k5 are positive values.
The Eq. (7) becomes
- k
Vo =—kjef ——sin? e; ©)
ky

Clearly /; < 0and the tracking errors e=[e;,e,,e3 ]T is bounded along the system’s solution.
It is also assumed that not only the velocity of v, >01is constant with the orientation ¢, but
also the reference angular velocity , is bounded and have its bounded derivative for allz.

From Egs. (5), (6) and (9), it is shown that ||| and |¢] are bounded, so that¥; < oo, that is, ¥ is
uniformly continuous. Since ¥/} does not increase and converges to some constant value, by
Barbalat’s lemma, ¥; - 0ast — 0. As¢ — oo, the limit of Eq. (9) becomes

0 = kjkyel +kye? (10)

Eq. (10) implies that [¢, e, ]T —0ast—>o.

From Eq. (5), the derivative of error e is given

=0, —0 (11)

Substituting w in Eq. (11) by the kinematics control input w, in Eq. (8), the following result
is derived

&3 =—kpeyv, —kysines (12)

Since e; — 0ast —> oo, the limit of Eq. (12) yields

é3 = —kyeyv, (13)
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Since vZe; has the limit equal to zero whent — o, the derivative of this term can be
derived as follows:

d
E(V%€3):—k2\)3€2 (14)

Since Eq. (14) is bounded, ve, is uniformly continous. From Barbalat’s lemma,
d
dt
Because the velocity of v, is constant, e; — 0 as¢ — oo from Eq. (14). Hence, the equilibrium

(v2ey) = —k,v2e, tends to zero. Therefore, v2e; tends to zero, and thus v,e,tends to zero.

point e = 01is uniformly asymptotically stable.

2.2 Lyapunov function for the mobile platform

Consider the first m -equation of Eq. (1) as follows:

M1y + MG +Cridy +Ciady + Fy + A A+ 1y = By, (15)

Multiplying both sides by S” and using Eq. (3) to eliminate the constraint force term A, it
yields

My +Crn+ fi +7q =7, (16)

Here My =S"My1S , Ciy =STCiS+S"M 1S, fi =T (M12di, +Cragy +F) o Ty =S 741,
l/r, 1/r

=STE r, ,and STE, = v
v Ve v {b/rw bir,

It can be seen that f;, which consists of the gravitational and friction force vector /; and
the dynamics interaction with the manipulator (M,4, + Ci»4,), and the disturbances on the
mobile platform (terrain disturbance force) needs to be compensated online.

Property 1: M 11 —2Cy, is skew-symmetric

Property 2: ||M1 1|| =||STM11S|| SM]]band ||M12|| < M12b

Property 3: |Ciy| =57 11| < Cruldland Cia] < Coasle

Assumption 1: Disturbance on the mobile platform is bounded, that is, |z 4 || < 7 1 , With 7y is
a positive constant.

Assumption 2: The friction and gravity on the mobile platform are bounded
by ||F1 (4,9 )|| <&y + 4 "q" , where &, and & representing some positive constants.

The velocity tracking error is defined as

=11y a7)
then, the mobile platform dynamics in terms of velocity tracking error is derived as

M 177 +C\ 7T + My 1 +Crimg + fi +Ta1 =7, (18)
Let us consider the following Lyapunov function

1l o — -
V1=5 VY (19)

and the derivative of ¥} can be derived as follows:
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W=i" &~ Mg = Cig = fi = Tar) (20)
2.3 Lyapunov function of the manipulator

Consider the last n-equations of Eq. (1),

MGy +Cnqa + (M4, +Ca1g, +F) + 740 =17, (21)

Equation (21) represents the dynamic equation of the manipulator. In this equation, the
unknown terms need to be compensated are the gravitational and friction force F, , the

dynamic interaction term (M4, + C,14, ), and the disturbances on the manipulator.
Property 4: M, — 2C,, is skew-symmetric
Property 5: |M | <My, and Mo, <My,
Property 6: ||Cy,| < Cy|dl| and |Cyyf < Caypd]

Assumption 3: Disturbance on the manipulator is bounded, that is,

rd2|| <tpy, Withzy, is
a positive constant.

Assumption 4: Friction and gravity in Eq. (21) are bounded by |F;(q,9)|< & + &4
where &, and &3 representing some positive constants.

B

The joint tracking error is defined, and its derivatives are derived as follows:

Jo~ ad e (22)
9a =Y9ad —Ya
Also, the filter tracking error and its derivative,
L T
r,=q,+kq, k=k" >0 23)

Ta :aa +k‘7a =Guq —qq + k1, _kaa)
The manipulator dynamics equation can be formulated in terms of filtered tracking error as
follows:
M iy +(Mpk—Cop)ry —kg, )+ 2 +740 =7, (24)
where /3 =MG.q +Crdaa +(M21G, +Ca14, +F)
The Lyapunov function for the manipulator is defined as
1 r
V2 =57a Moo (25)
the time derivative of 7, can be derived as follows
. R R
Vy =1 Moot +—1! Mopr,
2 a"22%a B a"22%a (26)
=14 [Ty —(Mygk = Cop)k, + Mookt + f> +743]

2.4 Lyapunov function of the mobile manipulator

The Lyapunov function for the overall system, the mobile platform and the manipulator,
can be defined and rearrange as follows:
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T -
S M M S
V:V0+l n |T1 12 n
2\-r, ) My, My \-7,
1, .~ ~ 1 U 1
=Vo+= (ST M (S7) =<1 MU (ST) == (Si) Myyr, + =1 My, 27
2 2 2 2
1. ~ ~ 1
=Vor 1 (STMUS)T =1 M(ST) + 1 Moo,
| R 1
=Vo+§77TM11’7—’”aTM1T2(S’7)+E’”aTM22"u

=Vo+Vi+Vy =1/ Miy(S)
Taking the time derivative of ¥ yields

N -

=T+ + Vs = M 57 (8)
Substituting (20), (26) into (28) yields
V=Vo+ii (@, — Mg —Cing = fi —7a1) (29)

- d N
+ 14 [-7, = (Mok = Cyp)kG,, + Mok, + £ +Td2]_E{raTM21(S77)}
On the other hand, £; can be rewritten in terms of error tracking filter r, as follows:
fi= ST(Mlzqu +C]an +5)
= ST{M12[qad _i'a +k(ra _kqa)]+C12[4ad _(ra _kaa)]-'—Fi} (30)
= _ST[MIZfa +(Cy =M k)(r, — kg, )]+ ST(M 2G4 +CroGua + )
= _ST[MIZ}}a +(Cp =M k)(r, —k%)]+f1
. - T .. .
with f; =S" (M12G44 +C124aa + F1)
Similarly, 15, in terms of velocity error 7 as follows:
J2=MG, +Co1qy, + (MpGaq + Cdaq + F2)
=My (S +S81m)+Co1Sn+ (MG g +Crqua +F>) 31)
= (M218)+ (M S+ Co1S)n + f2
= (M3 S)(7] +17q) + (M1 S+ Co1 S)7T +114) + />
with f5 =(M4iag +Coodaq + F>)
Substituting (30) and (31) into (29) yields
; ~T (= ~T— T T
V:VO +n {TV —l//l}—ﬂ Z'd1+l"a {—Z'a+l//2}+l"a Tdq2 (32)
where
i =My +Cring + fi + ST {CiakG, + Myok(r, —Kg,)}
Wy =Mkt +(Cyy = Mysk)kg,, + fo + My, Stiy + My Sy + CyiSny
The nonlinear terms | and , are need to be identical online using robust control scheme
in the following section based on the work in [14].

3. ROBUST CONTROLLER DESIGN

First, consider the second term of the Eq. (32) and using Properties (1)-(3) and
Assumptions (1)-(2):
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~Tl — . = - T ~ ~ ~T—
n {Tv_Mllnd_Cilnd — hi=S"[Giokg, + My k(i —/%)]}—77 1

— . T . ~ —
iz +77T{—M1 11a =S MyolGaq +k(r, —kg)|-Cr g —}
- v . ~

STCIZ[%d +k4a]_STFi _STle

Gl TG+ Rl + STV S el

o Milial + scMioliag + kG k)| + Coglnallld] +
<77 7, +|f| R .
6sCiop|[Gaa + Kallll + <G + &lld] + 7v1)
=", +lilsin

v NT{“MI 1”||ﬁd" + ST | My g + Ky — |+ }

(33)

where the unknown vector Al and the robust damping vector ¢, are defined in the
following:

AT = (M1,65M 125, Cl1p»65Cran» €165 (€0 +T1)65) (34)
o =(ralbldad + k(o =Ko ralldllaa + Kaallll lal.)

Second, consider the third term of the Eq. (32) and using Properties (4)-(6) and
Assumptions (3)-(4):
T{_ Ty + Moskry +(Cop = Mypk)kq, + f + M S1iy +] T
Ta . +7 Tq2
My 1S4 +Cy1Sny

T FT{M& laa + k(= kg )]+ M (i +5714) +}
- a “a a . ~
C(qua +kq,) +Co1Sng + 5 + 740
T FT{”MZZHH‘?ad +k(r, — kg, + ||M21||H57?d + Sy H +}
0 esallldas + K+ [CarllStal + 1)+ lraal

(35)
Conplldaa +Kdallld] + Caresslmal &l + &2 + &ld] + 22

= _raTTa + ||ra||A€¢2

where the unknown vector AL and the RDC vector ¢, are defined as follows:

Ay = (M2, My, Cops Craps €362 + Tz)

03 = (daa + *Cu = kG |S1a + S1a | Jdaa + Kaalllalbralldl a0
Let us choose the mobile platform and manipulator torque inputs as

— ~ ~ 2

7, ==k 17 — k117701 | (36)

2

Ta :kpara +koor, H¢2H (37
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where k

w20k, 20,k 20,andky, >0are the controller gains; ¢y and ¢, are the robust

damping control vectors, respectively. Then the tracking errors of the closed-loop system are
guaranteed to be globally uniformly ultimately bounded.

Substituting (36) and (37) into (32) yields

V<V, -

-k

-y

_kl

ki 7 = kT ] + 7T Sy~ ket~ ol ol + e

<7 =kl " + Iralliillon] ~ ol ||¢’z|| +rallAallen]

_ ||A1|| P
atol-1] -

Il el - [rallla 1||||<01||J (”ra"z"%"z_Mj
||Az|| o
(u det-B1] L .

7] e
A rlle L1 | B

ol }

A A
.- mm{[unduuﬂu BT 2"]} 5
min

where k;, = min{ky, k, }and &, = max{”Al A2 ||}

In Eq. (38), J.x 1S @ bounded quantity; therefore, V' decreases monotonically until the

solutions reach a compact set determined by the right-hand-side of Eq. (32). The size of the
residual set can be decreased by increasing k,,;, . According to the standard Lyapunov theory

and the extension of the LaSalle theory, this demonstrates that the control input Egs. (36) and

(37) can guarantee global uniform ultimate boundedness of all tracking errors.
Block diagram of robust controller is shown in Fig. 5
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Fig 5. Block diagram of robust controller

4. CONTROL SYSTEM DEVELOPMENT

The control system is based on the integration of computer and PIC-based microprocessor.
The computer functions as high as high level control for image processing (not presented in
this paper) and control algorithm and the microprocessor, as low level controller for device
control. The configuration diagram of the overall control system is shown in Fig. 6. In the
configuration, there are 8 Servo-CAN modules are used to control all low-level devices: waist
motor, shoulder motor, arm motor, roll motor, pitch motor, and yaw motor for manipulator;
and left-wheeled and right-wheeled motors for mobile platform. The positions of the
manipulator’s joints feedback to the computer via ADC module on USB-CAN. The Servo-
CAN module is based on PIC18F458 shown in Fig. 8. The USB-CAN module is used to
interface between high and low levels: it transforms the serial data from computer to CAN
messages shown in Fig. 7. The USB-CAN interface is shown in Fig. 9.

For the operation, USB camera Logitech 4000 is used to capture the image stream into
memory with size of 320x240 at 30fps using QuickCam SDK. The image is processed using
image processing library OpenCV to extract the features from the image for the object’s
position detection. The torque command is sent to the low level to control the mobile platform
and the manipulator to perform a certain task. The total control processes are programmed and
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integrated into the interface IMR V.1 in Visual C++ shown in Fig. 10. With this interface, the
mobile manipulator’s parameters can be set before the operation.

USB Camera
Logitech 4000

USB Comm.(12Mbs)

Computer
P4-2.8

——
)

FT245BM »> 93C64
USB Controller |« EEPROM
4 parallel Comm.
\i ADC |«
PIC18F458 Module [*
USB/CAN Controller 2
TX-CAN RX-CAN -
[y
\ USB-CAN
MCP2551 Module
CAN Transceiver
(1Mbps)
CAN comm. (1Mbps)
Left wheel
PIC18F458 _
Servo CAN J Waist motor
PIC18F458 -
Right wheel Servo CAN ﬁ
PIC18SF458 J Shoulder motor
Servo CAN PIC18F458 - -Pot.Z
Servo CAN ﬁ -_
Arm motor
PIC18F458 | | Pot 3]
- Pot.3
Servo CAN E {Po3}—
Roll motor
CAN Network PICI8F458 | | ~Pota}—
Servo CAN ﬁ
Pitch motor
PICI8F458 || ~{Pot5}—
Servo CAN Enc.
Yaw motor
PICI18F458 | | _
Servo CAN Enc.

Fig 6. Diagram of the control system

Trang 30



TAP CHi PHAT TRIEN KH&CN, TAP 12, S0 16 - 2009

Fig 7. USB-CAN module
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Fig 8. Servo CAN module
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5. SIMULATION RESULTS

To verify the effectiveness of the controller, the simulations have been done with
controller (8),(36) and (37) using Visual C++6 (with matrix package) and Gnuplot 4. The
reference trajectory are planned for the total system: a cubic spline reference line for the
mobile platform shown in Fig. 11 with the trajectory parameters in Fig. 12 and sinusoid
trajectory for joint 1 to joint 6 with the frequency of 0.87,09f1,f,1.1f/,1.2f and

1.3f7( f=0.3125Hz) as shown in Fig. 21, respectively. The kinematic controller constants are
kl1=5ky =20 and k3 =10 . The robust controller gains

are k,, =40,k =0.001,k,, =300,ky; =1.2 . The mobile robot for the simulation has the

following parameters: b = 200mm , r =110mm , m, = 20.6kg , m,, =1.2kg . The initial posture of
the mobile manipulator and the reference trajectory
is x(0)=0.1m , y(0)=0.3m , $(0) =45, x,(0)=0.3m , y,(0)=0.5m , 4,(0)=0 , respectively; the
initial joint positions, g, (0)= (/6,7 /10,7 /18,—-x/18,~7/10,—7 / 6) .Sampling time is 10ms. The
disturbance is a random noise with the magnitude of 3, but it is not considered in this
simulation.

Simulation results are given through Figs. 13-29. The mobile platform*s tracking errors are
given in Fig. 13 for full time (8s) and Fig. 12 for the initial time (2s), respectively. It can be
seen that the platform errors go to zero after about 1 second. The kinematics control input, the
linear and angular velocities at mobile platform center, is shown in Fig. 15; the velocities of
the left and right wheel, in Fig. 16. It can be seen that the tracking velocity is in the vicinity of
2m/s as desired, but it should be tuned for the acceptable value in the practical applications.
The robust vector for the mobile platform ¢; (i =1..6) in the controller Eq. (36) is given in Fig.

17, and the torque on the left and the right wheel, in Fig, 18. The mobile platform’s tracking
position with respect to the reference trajectory is shown in Fig. 19 for the initial time (2s) and
in Fig. 20 for full time (8s). As for the manipulator, the tracking positions of joint 1 to joint 6
are shown in Figs. 22-27. It can be seen that the overall tracking performance is acceptable,
but they each are depend on the frequency of the reference trajectory. The joint’s position
errors and joint’s torques are shown in Figs. 28 and 29, respectively.

The experimental results are given through Figs. 30-39. The reference trajectory for the
experiment is designed again to be satisfied the mechanical condition of the experimental
mobile manipulator. The reference trajectory of the platform is given in Fig. 30. The posture of
the mobile platform can be calculated using dead-reckoning method via encoders, then the
errors ej,e, and e; can be derived shown in Figs. 31- 33. The errors go to zero after about 3

seconds. The joint’s reference trajectory for the manipulator is designed as sinusoidal
trajectory with slower frequencies than those in the simulation, that is,
0.8/,09f,f,1.1f,1.2f and 1.3f ( f =0.25Hz ). The joint’s position errors are shown in Figs. 34-
39, respectively; they are satisfied the tracking performance in the manner of ordinary
applications.

Overall, the simulation and experimental results are reasonably same; it can be concluded
that the kinematics controller and the robust controller are all applicable for practical fields.
The experimental test bed is shown in Fig. 40.
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6. CONCLUSIONS

The robust controller was designed for the mobile manipulator to study on the dynamic
behavior of such the combined system. The mobile manipulator is considered in terms of
dynamic model. The tracking errors are defined, and the robust controller is designed for both
the mobile platform and the manipulator to guarantee that the tracking errors go to zero
asymptotically without the knowledge about system parameters and the external disturbance.
The mobile robot and the manipulator can track the curved line at the bounded desired
velocity. The simulation and the experimental results show that the controller is possible to
implement in the practical field.

BO PIEU KHIEN THiCH NGHI BEN VUNG CHO TAY MAY DI PONG

Chung Tén Lam", Sang Bong Kim®
(1) PTN Trong diém Qudc gia Piéu khién s6 & K¥ thuat hé thong, DHQG-HCM
(2) Pai hoc Qudc gia Pukyong, Han Qudc

TOM TAT: Trong bai bdo nay, diéu khién bén viing dwoc thiét ké dé diéu khién mot tay
mdy dat trén mét robot di déng dang 2 banh xe dé quan sdt hanh vi déng liec hoc cia toan bo
hé thong Khi do, ta tim phwong trinh dong luc hoc cua tay may di dong ndy co xét dén cdc
tham s6 chwa xdc dinh, nhiéu tdc dong, va tac dong tuong ho gitta chuyén déng cia robot di
dong va tay may, sau do, bg diéu khién bén vitng drgc thiét ké dé b trir swe khéng xdc dinh va
nhiéu dwa vao quy dao chuyen dong mong muon va thong tin tw cam bién tai khop va trén
robot di déng. Hé thong dieu khién cia hé thong ciing dwoc phdt trién bao gom sw két hop
may tinh va bé diéu khién dwa trén nén vi diéu khién PIC ding truyén thong USB-CAN dé dap
ng yéu cau hiéu sudt diéu khién cua toan bé hé thong. Bdi bdo trinh bay cdc két qua mé
phong va thue nghiém dé minh hoa kha néing diéu khién ciia bé diéu khién.

Tir khoa: robust adaptive controller, mobile manipulator
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