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Abstract—Modern science and technology have the
remarkable characteristics of multidisciplinary integration,
which puts forward new challenges and requirements for the
talent teaching and training. This paper puts forward the
importance and existing problems of cultivating students'
interdisciplinary integration innovation ability, and takes the
design of output feedback control for a robot as an example, in
order to illustrate the importance and the method of
interdisciplinary integration teaching.
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1. INTRODUCTION

The development direction of modern manufacturing
industry is the integration of computing, communication,
control and other disciplines, which makes it urgent for the
specialty of information and computing science to cultivate
talents with interdisciplinary integration and innovation
ability [1]-[5]. The original talent training mode can no longer
meet the needs of economic and technological development.
The main problems are: (1) The curriculum is lack of
systematic ability oriented design; (2) The teaching mode
focuses on knowledge transfer, and the teaching link lacks
comprehensive practice link; (3) The implementation
approaches  for  multi-disciplinary integration  and
comprehensive training of professional skills and professional
quality are lack. In view of the above problems, this paper
puts forward a new professional teaching mode under the
framework of multi-disciplinary integration. It takes a robot
control design as an example, introducing the use of physical
and mathematical knowledge to convert the robot's physical
model into mathematical model, and further the functional
differential knowledge and control theory knowledge to
design the robot control. Moreover, computer skills are
employed to carry out programming simulation experiments.
In this way, physics, mathematics, cybernetics and computer
disciplines are integrated to solve practical application
problems, which reflects the importance of cultivating
interdisciplinary integration talents and how to integrate the
multidisciplinary into teaching [1]-[2].

Artificial intelligence and robotics have been included in
undergraduate and graduate courses in colleges and
universities at home and abroad. Colleges and universities

vigorously develop new majors that meet the needs of
national strategic development, focusing on cultivating a
large number of high-tech talents to help the development of
national science and technology. In various activities of
college students' innovation and entrepreneurship, robot
competition has become the mainstream competition for
engineering students that attracted a lot of teams. The robot
competition is divided into service robots, UAVs, simulation
robots and other robots, which span the knowledge systems of
computers, electronic information, artificial intelligence,
automation and other disciplines [3]-[5]. This paper focuses
on the robot teaching mode of multi-disciplinary integration.
We take an example to show how to integrate
multidisciplinary in teaching. We utilize physics,
mathematics, control theory, computer technology to design
an output feedback control for a robot.

II. PHYSICAL-MATHEMATICAL MODELLING

The physical-mathematical model of a robot is given by

&)| | cos(6(r)) 0 1
®r) [=|sin(6()) [ve)+| 0 |wr)+| 0 |d@) (1)
&) 0 1 0

[6]-[7], where x and y are position coordinates of the robot,

0 is the direction angle relative to x -axis, and d is a
disturbance affecting robot motion. v is the horizontal speed
of robot and w is the angular speed of the wheel rotating
around the vertical axis, which are the controls to be designed
for robot.

The physical-mathematical model of the target satisfies

&(1) cos(, (1)) 0
(1) |=|sin(6, (1) |v,O+| 0 |w, (1) (2)
&) 0 1
Denote the tracking error as
cos(8(t)) sin(@()) 0| x,(t)—x()
e(t) =| —sin(8(1)) cos(8(®)) 0| y,(O—-y@)| (3)

0 0 1] 6,@)-6(@)

Then, the mathematical model of tracking error is given by
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v, (t)cos(e; (1)) —v(t) + e, (t)w(t) —cos(8(t))d(t)
v, (t)sin(e, (1)) —e, ()w(t) +sin(6(t))d (t) 4).
w, (1) —w(r)

&) =

III. CONTROL THEORY UTILIZATION
Design two feedback linearization controllers as follows
v(1) = v, (D) cos(es (1) —u (1), w(t) =w, (1) —u, (1) (5)
Replacing the controllers in (4) by (5) and simplifying it yield
0 w, O 1 0

&)=|-w, 0 0le(n+0 0 {”‘(t)}
0 0 0 0 1/"®
6
—cos(8, (1))d(t) ©)
+| sin(@, (t)d(1)
0

Our aim is to design the controls that ensure the error system
(6) stable in the presence of disturbance.
Denote the system (6) in a compact form

&) = Ae(t)+Bu() + f(d(1)), y(@)=Ce(r) (7)

where
0 w, 0 10
A=|-w, 0 0|, B=|0 0|, C=[1 0 0]
0 0 0 0 1
[—cos(8,(1)d(t)
u(t) = {” ([)}, F@d@)=| sin(@,t)d()
1, (1) .

Corresponding to (7), an observer is constructed as
&) = Aé(t)+ Bu(t) + f(d(0)+ H[y(t)-Cé@)]  (8)

where Hz[al/g,az/az,a3/£3] ., a,,a,,a, are to be

decided and to guarantee the eigenvalues of
-a, w, 0
A=|-a 0 1| Hurwitz, and 0<é&<1 is the observer

2
-a;, 0 O

parameter to be specified. By exploiting control theory, the

main results of this paper are achieved.

Theorem 1. Under the state feedback control

v(t) =V, cos(e (1) —Ke(t), a(t)=am,—-K,e(t) (9)
the robot (1) tracking the target path (2) is input-to-state
stable, where [KIT K, ]T @K =—R'B"P, P is the unique
solution of Riccati equation

ATP+PA-PBR'B"P+0=0 (10)
and Q is a positive semi-definite matrix. In particular, when

the disturbance is attenuated, the robot (1) tracking the target
path (2) is exponentially stable.
Proof. Note that substituting u,(r) = Ke(t)

u, (t) = K,e(t) into (5) results in the state feedback control

and

(9). With the control u(r) = Ke(t), the closed-loop system of
(7)is

&) =(A—BR'B"P)e(t)+ f(d(1)) (n
Note that the unforced system &)= (A—BR'BTP)e(t) is
exponentially stable. The stability of (11) depends on the
boundedness property of disturbance, i.e., || f(d(#))|. Due to
the continuously differentiability and global Lipschitz
property of f , the closed-loop system (11) is input-to-state
stable. In particular, when the disturbance is attenuated,
| £(d(®))| approaches to zero asymptotically. Thus, the
tracking error is exponentially stable, implying that the robot
tracks target path exponentially stably. The proof of Theorem
1 is completed. O

Theorem 2. There is an £ >0 such that for O<e<g",

under the output feedback control u (r)=Ke() ,

u, ()= K,é(t) , and u, =Bé(r) with B=[0 -1 0] ,
based on the observer (8), the robot (1) tracks the target path
(2) in an ultimately bounded way. In particular, when the

disturbance is attenuated, the robot (1) tracks the target path
(2) in an exponentially stable way.

Proof. Denote a scaled estimation error 7=[7, 7, 7,]"

with 77, = (¢, ~¢)/€* , 1, =(e,~¢,)/e , and 7, =e,—¢, .
Differentiating both sides of the scaled errors yields the scaled
estimation error equation &= An+d(e,n,d) , where
||5|| <L ||77||+M due to the properties of the disturbance d
and the function f . Define a Lyapunov candidate function
V=n"Pp , where P is positive definite solution of

A"P+PA=—I . The derivative of £V along the scaled
estimation error (11) deduces
W= 1Py +n"Pr=—n" (A"P + PA)p+2en" PS
<=4l +2em |[Plln| <=4l . [l = 8em [P

- 2
for SZ"I_’" <1/4 . According to control theory, the following

holds

|ei —éi| < max{b/e"*lexp( —at/e), e eM}, i=1,2,3 (12)
for some positive constants a,b,c , which indicates that the
estimation errors are ultimately bounded. In particular, when
the external disturbance is attenuated, M approaches to zero
as time increases. From (12), it indicates that the estimation
error is exponentially stable. In this case, the output feedback
ensures the robot tracking the target path in an exponentially

stable way. The proof of Theorem 2 is completed. O .

IV. COMPUTER PROGRAMMING SIMULATION

In simulation part, we will using Matlab to program and
validate the effectiveness of the designed control. The target
pathis set of a circle, where the central coordinates is given by
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X, =x,+Rsin(w,t), y, =y, —Rcos(w,t)
Choose the center at (-3,3) . Take R=3,w, =1/3. Then,
v, =3%1/3=1. From the relationship between w,,v, and

8,,we get 8, =1/3¢ . The circle equation becomes
x, ==3+3xsin(31), y, =3-3xcos(31)

The disturbance is set by an attenuated signal exp(—t). We

design the observer with @, =3,a, =3/26,a, =3 and treating

the disturbance as a known one. Choose the parameters
£=0.1,0.01, respectively. The output feedback controls (9)
are designed with
K, =[-12168 0.7208 0], K,=[0 0 -1]
The simulation is conducted with the initial states
(x(0), ¥(0),6(0)) = (-3-+/3/2,1/2,~7/6)

and e(0) =(1,0,7/2) . Fig. 1 depicts the robot tracking path,
where the blue lines are that under state feedback control and

the yellow ones are that under output feedback control with
£=0.1,0.01, respectively.
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Fig. 1. The robot tracking a circle path.

V. CONCLUSION

This paper presented a teaching mode of multi-disciplinary
integration. It took a robot design example to show how to
integrate multidisciplinary in teaching. It applied physics,

ISSN (ONLINE): 2454-9762

Available online at www.ijarmate.com

International Journal of Advanced Research in Management, Architecture, Technology and

mathematics, control theory, computer technology to design
controls for a robot.

In future, we should implement the construction concept of
new engineering, rely on the self-developed teaching
platform, and create a new talent teaching mode and
curriculum system, which provides a systematic teaching
reform for students' training.
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