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Abstract: The research on robotic arm position control is not only a key component of the development of robot technology,
but also an important force to promote the process of industrial automation and intelligence. The basic principle of the
inversion control method is to transform the control problem of a nonlinear system into a control problem of a linear system
by constructing the virtual control input of the system, thereby simplifying the design process of the controller. On this basis,
a position control strategy based on inversion method was proposed for the mathematical model of the manipulator. The
strategy fully considers the dynamic characteristics and nonlinear factors of the robotic arm, designs the corresponding
controller, and proves the stability of the closed-loop system. The Simulnk platform in MATLAB software is used to design
the controller based on the inversion method and simulate the analysis, and the results show that the robotic arm based on
the inversion controller has a good improvement in tracking accuracy, response speed and anti-interference ability.
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1 INTRODUCTION

In today's wave of industrial automation and intelligence, the
position control accuracy and flexibility of the robotic arm, as a
key equipment to perform complex tasks, have become an
important indicator to measure its performance. The movement
of the robotic arm mainly depends on the rotation of its joints
and the expansion and contraction of the connecting rod,
through which the position and attitude of the end effector in
space are changed[1-2]. The key to making the robot arm move
is the design of the control system, in which the commonly used
control algorithm includes PID control[2-6], adaptive control[1-
9], fuzzy control[4-11], neural network control[12], Sliding
Mode Control ) [13-16], Backstepping[12-17]. Although
traditional robotic arm position control methods, such as PID
control and fuzzy control, have achieved good control results
within a certain range, their control performance is often
difficult to meet the needs of high-precision operations in the
face of strong nonlinearity, model uncertainty and external
interference.

As a control method for nonlinear systems, the backstepping
method can effectively deal with the uncertainty and nonlinear
factors in the system and improve the stability and accuracy of
the position control of the manipulator by constructing the
Lyapunov function step by step. Through the hierarchical
control method, the inversion method simplifies the design

process of the controller, making the control tasks of each level
clearer and easier to implement. The inversion method can
consider the uncertainty and external interference of the system,
improve the robustness of the control system, and make it
maintain good performance under various working conditions.
Although the inversion method is based on model design and
requires real-time calculation of the inverse model, with the
improvement of computing power, it can meet the requirements
of real-time control.

The purpose of this study is to explore the position control
strategy of the robotic arm based on the inversion method, and
to achieve accurate tracking and stable control of the position of
the robotic arm by constructing a suitable inversion controller.
First, we will build a dynamic model of the robotic arm[18]Jand
analyze its nonlinear properties. Then, the inversion method is
used to design the position controller, and the stability of the
control system is proved by the Lyapunov stability theory.
Finally, the effectiveness and superiority of the proposed
method are verified by simulation experiments and practical
applications.

2 DESIGN OF THE INVERSION
CONTROLLER OF THE ROBOTIC ARM

2.1 FUNDAMENTALS OF THE INVERSION
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Firstly, the high-order complex cascaded nonlinear system is
decomposed into several subsystems, and the number of
subsystems does not exceed the order of the system. Secondly,
the intermediate virtual control quantity and Lyapunov function
(referred to as V function) are designed for the first subsystem
to ensure its stability, and then the intermediate virtual control
quantity and Lyapunov function are designed for the upper level
system, which is retreated to the whole system, and finally the
whole system is integrated to complete the design of the whole
inversion control, so as to realize the comprehensive adjustment
and tracking of the whole system, so that the complex system
can achieve the expected performance indicators. The inversion
design method is suitable for indeterminate nonlinear systems
that can be linearized or have strict parameter feedback.

2.2 INVERT THE CONTROLLER DESIGN

Take the dynamic equation of the expression of the flexible joint
manipulator, which can be expressed as follows:

{Iél + Mglsing, +K(g1—¢2) =0

. 1
J‘Z2+K(Q2*‘h):u M

where indicates the I moment of inertia of the joint; M
Indicates the quality of the connecting rod; g denotes
gravitational acceleration; ! Indicates the center of gravity of the
connecting rod to the length of the joint; © Indicates motor
torque input; q; Indicates the angle of the joint; g2 Indicates the
rotation angle of the motor; The parameter K represents the

stiffness of the flexible joint. K The larger the value, the greater
the elastic stiffness of the joint, the smaller the joint flexibility,
andq: g-the closer it is to the joint. K The lower the value, the
reverse is true.

Let ,&1 = g1 T2 = g2 then the expression (2-1) of the flexible
joint manipulator can be expressed as:

j’ll — T

. 1 .
By=- 7 (Mgsinz, + K (z, — 23))

: 2

T3 = T4

1'4:%@*}{(553*131))
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In view of the above dynamic equations, the controller is
designed based on the inversion method to solve the problem of
inaccurate position control of the flexible joints of the
manipulator, and the design steps are as follows:

Step 1
First, define the first position error signal:
21— X1 — 14 (3)

where x1d is the desired trajectory of the joint. Define the first
virtual control quantitya; = — ¢; 21, where €1 is a constant.

Define the second position error signal as
Z9 = Ty9 — Q1 — T1q (4)
z1 Derivatives are obtained:

N=D Ty =T~ Ty =22 T 4 (5

1
Define the first Lyapunov function asV; = 5212 , and derive its

time to get :
Vi=z(nmta) =-ci+zz (6)

Whenz, =0 ,Vl < 0; Howeverzz, it does not have to be equal

to 0, so a new amount of virtual control needs to be introduced
to make it 0.

Step two
Define the second Lyapunov function asV>=V; + %zf, and
derive its time to yield:
Vo=—c1224 212+ 225 7
Z Derivation:
Zo=1Fo+ 121 — 14
=- % (Mglsinz, + K (21— x3)) + ¢, (@ — T10) — Z1g

®)
Substituting Eq. (2-8) into Eq. (2-7) yields:

. 1 . .
Vo=—c128 + 2120+ 20 [77 (Mglsinz, + K (2, — 25)) + ¢ (3 — 314) — wld]

)

1 . . K
=—ciz2i+ 212+ 2 [fT(MglsinI1+Kx1) + ¢ (2 — Z14) fxld] + — 214

Define the third position error signal as

23— X3 — Qg

(10)

I

Among them a3 is the second virtual control quantity.

take
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I 1 . . ..
=~ 7= [f 7 (Mglsinz, + Kz,) + ¢, (2o — T14) — Z1q+ 21 + c2z2] + 24 (11)
among othersc; >0, 1
Define the third Lyapunov function asVs =V, + = z3 , and
First substitute Eq. (2-11) into Eq. (2-10), and then substituting L. )
Eq. (2-10) into Eq. (2-9) to obtain derive its time as:
V2:701Z1 C2Z2 + 2223 (12) V3:76121 CQZQ + 2223+Z323 (13)
Whenz; = 0,V, < 0. Howeverzs,, it is not necessarily equal to #; Derivation:
0, so it is necessary to continue to introduce new virtual control
quantities to makezs it equal to 0. Step 3
. I 1 . .. . .
Za=x4+ ydui (Mglcoszzo+ Kzo) + ¢1 (20 — Z14) — Tra+ 21+ €220 (14)
Let S, take as:
S=- 7 (Mglcoszyzy + Kxy) + ¢, (T — Z1g) — Z1g+ 21+ 229 (15)
Substituting Eq. (2-14) and Eq. (2-15) into Eq. (2-13) yields: V3 = 22— yn? — 322+ 2524 (18)

V3: *6121 sz2 + Kz223 + 23 (51"4+ L S) (16)

Define the fourth position error signal:

24 = Tg — Q3

a7

K I
— 2+ KS> ,where,cs > 0. Then there

takeas — — <CgZ3 + T

are:

.. 1 1 . ..
zQ]_(Alglzzcosxl41((x2m4))cl<<jr(ﬁlglsn1x1%l((x1ah))) xh& — Z1a

S=- %(*Mglsin:cl - T3

To z4the derivative, got

. K I . K
2= fj(zgfml)+f5+c3zg+722 (22)

U
J
24 , and

Define the fourth Lyapunov function asVy=V3+

take the derivative of its time, which yields
I . . K .
zs—x1) + fS + ¢34+ Iz2>
(23)

V4V3+Z4<:I;J(

In order to make V4 < 01it, the final design control law is

Whenzs =0,V, <
is necessary to further introduce a virtual control quantity to

0. Howeverzy, it is not necessarily 0, so it

makezy it equal to 0.
Step 4:

Respectively 21, 22 seek derivation, get

.. 1 .
ZH=- T(Mglsm:cl+K(azlfa:3)) — Iyg (19)
(20)
Right, S to get it
+K.’L'2) +Cl(i'l')2*:’b1d) 7illd+21+0222 (21)

K
uJ<J(x3

among otherscs > 0. The derivative of the fourth Lyapunov

— ) + — S+cgz3+ z2+z3+c4z4)

(24)

function at this point

Vi=—ci28 —cozs —c322 — 422 <0 (25)

ThatisV,

the inversion method can make the system meet the theoretical
conditions of Lyapunov's stability, and the four position errors
are asymptotically stable, so as to ensure the exponential
asymptotic stability of the system in a global sense, andz; the

< 0, itis proved that the controller designed based on
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exponential form asymptotically converges to 0, which proves
that the designed control law is theoretically correct.

3 SIMULATIONS AND RESULTS

The values of each parameter in the simulation process are
I=1.0kg-m? , J=1.0kg-m® , , Mgl=5N"-m
K =500N - m, Let the expected trajectory of the joint be and
T4 =sin (1) the

c=cy,=c3=c, =50

E

controller parameter is

The simulation program was built based on the Simulnk
platform, and the simulation results are shown below.

FIGURE 1 ANGULAR TRAJECTORY TRACKING QF
CONNECTING RODS

In Figure 3-1, the x-axis coordinates represent the time, the y-
axis coordinates represent the linkage angle, x1 represents the
actual linkage angle, and x1d represents the desired trajectory.
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FIGURE 2 LINKAGE ANGLE TRACKING ERROR
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The x-axis coordinates in Figure 3-2 represent the time, the y-

axis coordinates represent the tracking error, and Z1 represents
the linkage angular tracking error.
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FIGURE 3 TORQUE CONTROL

In Figure 3-3, the x-axis coordinates represent the time, the y-
axis coordinates represent the magnitude of the control torque,
and the u coordinates represent the control torque.

As can be seen from Fig. 3-1 and Fig. 3-2, the actual trajectory
of the joint quickly tracked the expected trajectory within 1
second after the simulation began, and there was no situation
that it did not follow for a certain period of time, which can
preliminarily show that the designed inversion controller has
achieved the expected effect.

4 CONCLUSIONS

In this research on controlling the position of the robotic arm
based on the inversion method, we deeply explore the
application of the inversion method in the field of robotic arm
position control. Through rigorous theoretical analysis and a
large number of experimental verifications, we have
successfully constructed a robotic arm position control model
based on the inversion method. The model makes full use of the
unique advantages of the inversion method to decompose the
complex manipulator system into multiple subsystems for
processing, which effectively solves the limitations of
traditional control methods in dealing with multivariate, strong
coupling and nonlinearity.

In the research process, we designed an adaptive inversion
controller for the uncertainties existing in the robotic arm system,
such as the perturbation of model parameters, external
interference and unmodeled dynamics, by using the inversion
method combined with adaptive control technology. This
controller can estimate the uncertainty of the system in real time,
and adjust the control law online according to the estimation
results, so that the robotic arm can still maintain high-precision
position control performance in complex and changeable
working environments. Through simulation experiments and
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actual hardware experiments, we compare the performance of
the control strategy based on the inversion method with the
traditional PID control and sliding mode control methods. The
experimental results clearly show that the control strategy based
on the inversion method shows significant advantages in
position tracking accuracy, anti-interference ability and system
stability, which effectively improves the reliability and accuracy
of the manipulator under complex working conditions.
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