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ABSTRACT-The new non-linear fractional-order
PID controller (NLFPID) is designed to control
combined and non-linear two-link rigid robots. The
structure of the proposed controller consists of a
nonlinear hyperbolic instantaneous error function and
the present state cascaded to fractions. Order PID
(FOPID). The non-linear feature enables adaptive
control and the inclusion of the fraction operator
increases the flexibility of the designed controller.
Learn the comparative advantages of NLF PID
controllers.
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l. INTRODUCTION

Robot operators are very useful in various
real life applications that work in industrial
production and automation, medical deposit, safety,
harmful conditions and spaceships. Various links and
assemblies can process objects and functions of
human movements to successfully process objects
with accurate positioning and desired locations.
Recently, a wide range of robotic hands have created
a study in the design and control direction of
Eneeffuner in a robot control. Some elements of
creating these systems of complex devices include
nonlinear during transformation of dynamics, time
diseases, and payloads. If a timely is not perfectly
removed or oppressed or oppressed, these unwanted
amazing elements of the robot system can adversely
affect performance. The system may exhibit
performance degradation and instability associated
with complete trajectory and pick-and-place
operations during the execution phase. Because of
these factors, it is a difficult task to efficiently,
reliably and accurately control a robotic arm with an
intelligent controller. Designing and implementing an
efficient controller requires expertise, including
expertise in the dynamics of a robotic arm due to the
torque generated by the actuator. In the past, various

control strategies have been widely used in robotic
arms to achieve desired performance.

Two degrees of freedom (2DOF) pointing
mechanisms are widely used in stable platforms,
beacons and other fields. Besides the commonly used
serial gimbals, there are two types of parallel pointing
mechanisms. H. Equal Diameter Spherical Parallel
Manipulator (SPM) and Spherical Pure Rolling
(ESPR) Parallel Manipulators are increasingly
affected. All of these pointing mechanisms have two
rotational DOFs, but exhibit very different motion
characteristics. A typical difference that exists
between these three pointing mechanisms lies in the
properties of proper motion, also called rotational
motion by the authors. According to our research,
rotational motion is basically a component of the
actual rotation of the movable platform. Additionally,
using the pointing mechanism as a tracking device,
image distortions caused by the 2 rotational motions
are identified and distinguished. The conclusions are
that it facilitates the design and control of pointing
devices and has the potential to improve the
measurement accuracy of target pointing and tracking.

1.2 Mathematical Model of Robotic Manipulator

A two-link planar rigid body system of a
robotic manipulator with two degrees of freedom is
described in this section and shown in Figure 1. A
mechanical model of the two-link robotic manipulator
under consideration is shown in Figure 1. Located at
the end of each link, drive, and encoder. The first link
of the system is mounted on a hard floor with friction-
free hinges and the second link is mounted on the end
of the first link with friction-free ball bearings. The
third link is also attached to the second link of the
frictionless ball bearing.

1.3 Dynamics of 2 link rigid robots

A double pendulum is an example of a
simple physical system that exhibits chaotic behavior.
Understanding the two-link manipulator [6] is key to
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learning the whole robot manipulator. Think of as a example of an introductory robotics course. A
two-legged robotic manipulator. This is a classic  physical system is shown in Figure 1.

Y

Figure 1

X1 = Llcosifﬁﬂl), y1 = Llsln’(‘Bl) (11)
Similarly, the equations for the x-position and the y-position of M, are given by
X, = LycosifB,) + L,cosiB,), y, = L;sini€B;) + L,sini€h,)

(1.2)
vi =i+ vo =i +y) (1.3)
where,
%, = —L,0,sinf®,),y; = L;6;cosiB,)
X, = —L,0;sini{,) — L,0,sinib,),y, = L;0,cosi{b;) + L,0,cosi{b,)
Here and below the dot ' is a derivative with respect to t, i.e., 6, = %,xk = %, for k = 1,2. The kinematic
energy can be calculated as follows
KE = 2 Myv} + 2 Mv3.
(1.4)
The equation for the kinetic energy can be written as
KE = 2 My (&3 +§3) + 2 M, (& +¥3). (15)

Substituting (1.1) - (1.2) into (1.5), we get
1 s 2 : Y
KE = EMI <(_L16151n§f€.91)) + (Llelcosi{ﬁﬁl)) )
1 (_Llel Sin(el) - Lzez Sin(ez))z +
+5M; . A 2 |,
2 (Ll 0,cosifb,) + LZGZCOSEEE'BZ))
which can be simplified as
KE = %(M1 + M,)L367 + %MZLZZ('%% + M,L;L,6,6,cosf{B; — 6,). (1.6)

In order to calculate the Lagrangian, the potential  where h; is the height of the center of mass of the it"
energy PE has to be calculated. By definition the  pendulum, g is the acceleration due to gravity
potential energy of the system due to gravity of the it constant, and M, is the mass of the i" pendulum

. ’ i .
pendulum is Therefore, the total potential energy for both

PE;(0) = M;gh;(6),i= 12(1 - pendulums can be given by

PE = PE(®) = X2, PE;(0) = X%, Migh;(8) = MgL,sini{®;) + M,g(L,sin{B;) + L,sini{b,)) (18)
= (M]_ + Mz)gL]_Sln"é.el) + MZngsln"é‘ez) '

Next, by Lagrange Dynamics, we form the
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Lagrangian £ which is defined as gL;sinifB;) — M, gL,sinib,)
L =KE — PE (1.10)
(1.9) The Euler-Lagrange equation is given by the equation
Substituting the expressions for the kinetic energy i[ﬁ] _aL _ T, i=12,
(1.6) and potential energy (1.8) in for KE and PE we 4t 196il  96;
get (1.11)
1 B L Wherer; is the torque applied to the i link.
L=5M; +M)Lib1 +-M,130; The derivations for the Lagrangian equation and
+ M,L;L,0,6,cosib; —6,) Euler-Lagrange equation can be found in [1]. We
- M; + M) were more concerned with using the formulas in this
problem rather than going into too much in detail for
these derivations.
From (1.10), we have
oL . .
% = (Ml + Mz)Lzlel + MleLZGZCOSEfBl - 62),
1
oL s
E = —M2L1L29192 Sln(el - 92) - (Ml + Mz)ngcosifé,el),
and
d[oL - " . SN e
a £ = (M1 + Mz)Llel + M2L1L292C05iféﬁl - 92) - M2L1L292(91 - ez)slnifésl - 92)
i

Similarly, we compute

and

oL y _—
E = MZLZGZ + MleLzelcosilﬁﬂl - 62)
2

L .
ﬁ = MleLzelezsinEEBl - 92) - MszZCOS"ﬁBZ)
2
dfoc L L o
a E = Mszez + MleLzelcosiféel - 92) - M2L1L291(91 - ez)SlnifﬁBl - 62)
2

Therefore, (1.11) gives the following two nonlinear equations of motion which are second-order system of
ordinary differential equations
(M; + M,)L30; + M,L,L,8,cosiB; — 6,) +
MleLze%Slnlléﬂl - 92) + (Ml + Mz)ngcos'lﬁel) =T,
(1.12)

M2L22é2 + MleLzézcosgéBl - 62) - MleLze%sm’EBl - 92) + MZngcos’ﬁez) = Ty,

or equivalently,

where, § =

. i ot .
L,;0; + 8L,L,8, cos(8; — 0,) = M—l — 8L,0%sinifp, — 8,) — gcosih,),

2Ly
L,0, + L6 cosiB; — 0,) = ﬁ + L,62sinif®, — 0,) — gcosi{®,),
2Lz
M

M1+M,
Solving for 6, and 6,, we get the normal form of the dynamics equations

0, = gl(t' 91,92,61,92)' 0, = gz(t: 01, 92:61:62):
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thi — 81,62 sin(8; — 8,) — gcos(8;) — 8cos(0; — 6,)
2L1
( Z_ 4 L,0?sini{0, — 0,) — gcosizc'ez)>
MjL,
g1 = Ly (1 — cosZi®; — 6)) ’
Msz + 1,67 sin(8; — 8,) — gcos(0,) — cos(0; — 0,)
2.2
( U 4 §L,03sini®; — 0,) — gcosizc'el)>
Mj,Lq
g2 =

Lz(l - (SCOSZEéBl - 92))

In order to solve for the angles 6; and 6,, we need to
solve the above second-order system of ordinary
differential equations. To do this, we first reduce the
system into an equivalent system of first-order
ordinary differential equations.
Let us introduce four new variables
u; = 0;,,uy; = 0,,u3 = 0;,uy = 6,.
After differentiating, we have
U =6, =u3, i, =6, =uy,u; =6,

= g1(tuy, Uz, uz,uy), Uy = 6,

= g,(t,uy, Uy, uz, uy)
Thus, we obtain a system of first-order nonlinear
differential equations of the form

T =50),0(0) = Uy,

Where U = [uy,uy,us,us]t and S = [sq,s,,53,84]°
with
S1 = U3, Sz = Uy, S3 = g1(t, Uy, Uz, uz,uy), 54
= ga(t uy, up, Uz, uy)
The initial conditions are given by
Ug = [u1(0),u3(0),u3(0),u(0), 1%,

(1.16b)

Where, _

u;(0) = 61(0),u2(0) = 6,(0),u3(0) = 6;(0),u,(0)
= 0,(0).

The system (1.16a) subject to the initial condition
(1.16b) can be solved for the unknown vectorU, using,
for example, the ode45 command defined in
MATLAB to solve the system of ordinary differential
equations numerically. This command is based on the

11
(1.162) fourth-order Runge-Kutta method. Table 1: The PID
terms and their effect on a control system.
Term Math Function Effect on Control System
P K.V Typically the main drive in a control loop, K, reduces a large part of the
Proportional # ¥ errn overall error.

| Reduces the final error in a system. Summing even a small error over time

Integral I\Il di produces a drive signal large enough to move the system toward a smaller
error.
D Counteracts the K, and K terms when the output changes quickly. This helps
Derivative P dl reduce overshoot and ringing. It has no effect on the final error
D
dt

Table 1

PID Controller Design

Robotic manipulators are generally difficult
to control. In particular, it is a challenging task to
stabilize a robot manipulator at a fixed, accurate
position. In this section, we focus mainly on control
of the robot manipulator to get the desired position
using computed torque control method [4]. After
deriving the equation of motion, control simulation is
represented using MATLAB.

We define control as the ability to hold the
system of two links in a particular position on the xy-

plane. Having control gives us the ability to hold each
link at a particular angle 6; with respect to the positive
x-axis. The proportional-integral-derivative (PID)
controller is a common control algorithm [5]. The "P"
in PID stands for Proportional control, the "I" stands
for Integral control, and the "D" stands for Derivative
control. This algorithm works by defining an error
variable V... =V, — V. that takes the position

error set sensor
we want to go (V) minus the position we are

actually at (Vg ). We get the proportional part of

DOI: 10.35629/5252-0503363370

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal

Page 366



\_)hi International Journal of Advances in Engineering and Management (IJAEM)

S Volume 5, Issue 3 March 2023, pp: 363-370 www.ijaem.net
IJAEM

the PID control by taking a constant defined as K,  defined as a constant K, multiplied by the derivative
and multiplying it by the error. The | comes from  of the error with respect to time. Many industrial
taking a constant K, and multiplying it by the integral ~ processes are controlled using PID controllers. Below
of the error with respect to time. Derivative control is  is a table describing PID control Table 1.

The equations of motion (1.12) can be written compactly as
M(0)8 + c(0,0) + G(8) =F

where,
0 [91]’M(9) _ M; + yI‘Z)LZ1 M, L, L,cosi{B; — 92)],c(e, 6) = [ MleLzeg Sir.l(el —-8,) '
0 M, L, L,cosi{B; — 8,) M,13 —M,L,L,6? sin(8; — 6,)
[(M1 + M,)gL,cosi{h,) _F [Tl]
M,gL,cosith,)
We can solve for some theoretical values of forces given certain initial inputs. Solving for @ we get
6 =-M"1(0)[c(0,6) + G(O)] + F
Where
F = M~1(0)F.
Thus, we decoupled the system to have the new input
£ =]
=15
However, the physical torque inputs to the system aré

Fl-wol

e(81) = 01; —61,e(6;) = 6 — 0,
Where the target positions of M; and M, are given by the angles 8¢ and 6., respectively.
We assume that the system has initial positions

G(8) =

Let us denote the error signals by

_ 610

. . ° 16(0)f .
A common technique for controlling a system with input is to use the following general structure of PID
controller

f:er+KDé+K1J edt

In our situation, the technique for controlling the double pendulum system with inputs f; and f, is to employ two
independent controllers, one for each link, as follows

fi = Kp,e1(81) + Kp,e,(6,) + Ky, f e(6,)dt = Kp, (61 — 6;) — Kp, 01 + K, J- (61¢ — 061)dt,

f, = Kp,e,(0;) + Kp,€,(8;) + K, f e(8,1)dt = Kp, (8¢ — 6,) — Kp, 0, + K, f (62¢ — 6,)dt,

Where 6,¢ and 0, are given constants.
The complete system of equations with control is then

B =-M"1(0)[c(8,6) + G(0)] + F
Where

Kp, (61 — 0,) —Kp, 0, + Kllf (61¢ — 61)dt
i=[t]=

Kp, (026 — 02) — Kp, 6, + K, J- (827 — 0,)dt
We would like to emphasize that the actual phy5|cal torques are
T _ f1
[TZ] N M(e) [fz]
To implement the PID controller, we introduce the following new states
X1 = J- e(el)dt, Xy = J. e(ez)dt

Differentiating with respect to t gives
X1 = e(01) = 01— 01,%; = e(02) = 05 — 0,
The complete equations are
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X1 = 015 — 0y,
Xz = 02¢ — 62,
0 : Kp, (81 — 0;) — Kp,0; + K, x
[,,1] = -M"'(8)[c(8,6) + G(B)] + [ Py (Bar = 6,) = Kp, B, + Ky, 3y
9, Kp, (8¢ — 6;) — Kp, 0, + K, %,
T Kp, (81— 0;) —Kp 6; + K| x
[rl] _ M(O)[ Pl( 1f 1) Dy .1 Iy 1]
2 Kp, (82¢ — 02) — Kp,0; + Ky, %,
To discretize the above system of differential equations in time, we transform them into a system of first-order
ordinary differential equations. To do this, we define six new variables as follows
U = Xq,Up = Xp, U3 = 91,114 = 92,u5 = Gl,uﬁ = 62,
After differentiating, we have
Uy = 5_41 =0y — u3,1.'12 =X = Oyr —uy,
1'13 = 91 = u5,l'14 = 62 = u6,
s = 0; = ¢(t, uy, Uz, uz, Uy, Us, Ug), lig = B, = Y(t,ug, uy, ug, Uy, us, Ug),
where ¢ and  are expressed in terms of u.kk =1 — 6, as
(I)] -1 : Kp, (01 — u3) — Kp,us + Kj uy
=—-M"(0)[c(6,0) + G(0)] +
[lll (©)[c(8,8) + G(®)] Kp, (82r —uy) — Kp,ue + Ky, u;
and 0 = [u4].
A simple calculation shows that
= —M,LyuZsinifu; — u,) — (M; + M,)gcosifus) — M, cosifu; — u4)(L1u§siniZﬁh3 —Uy) — gcosi?ﬁm))

L;(M; + M, — M,cosZfuz — u,))
+Kp, (B1¢ — u3) — Kp,us + Ky uy,

v cosifuz — uy)(MyLyuZsinius — uy) + (M; + My)geositus)) + (M; + M,)(Lyudsinifuz — u,) — geositu,))
LZ(Ml + Mz - MzCOSZ{ZEhg - U4_))

+Kp, (02 — uy) — Kp,ug + Kj,uy
Thus, we obtain a system of first-order nonlinear differential equations of the form
du
—r = HEU),U(0) = U,,
Where U = [uy, up, us, us, us, U] and H = [hy, hy, hs, hy, hs, he]® with
h1 = Hlf _U3,h2 = sz - u4, h3 = us, h4 = u6,
hs = ¢(t, ug, Uy, Uz, Uy, Us, Ug), g = W(L, Uy, Uy, Uz, Uy, Us, Ug).
The initial conditions are given by
Uy = [u1(0),u3(0), u3(0), u4(0), us(0), us (0)]°,
Where,

u1(0) = x1(0), x,(0) = 6,(0),u3(0) = 6,(0),us(0) = 6,(0),us(0) = 91(0)ru6(0) = 92 (0).

The system [3] can be solved for the unknown vector U, using, for example, the ode45 command defined in
MATLAB to solve the system of ordinary differential equations numerically. This command is based on the
fourth-order Runge-Kutta method. For more details consult[2].
Once we solve for, we obtain to torques using U = (uq, Uy, Us, Uy, Us, Ug)*
[Tl] _ M(g) [Kpl(elf - 'U.3) - KDluS + K,lul
T2 sz(ezf - U.4) - KDZu(, + KlzuZ '
or equivalently,
T = (Ml +M2)L%(KP1(91}C _u3) _KDlus +K]1u1)

1.3 +M,L,L,cosi{u; — u4)(sz (sz —uy) — Kp,ue + K,Zuz),

T, = M2L1L2COS{2€‘U3 - u4)(Kp1(91f - U3) - KD1u5 + Kllul) + Mszz(sz (sz - U4) - KD2u6 + K]ZZUZ).

DOI: 10.35629/5252-0503363370 [Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal Page 368



&

—

JAEM

International Journal of Advances in Engineering and Management (IJAEM)
Volume 5, Issue 3 March 2023, pp: 363-370 www.ijaem.net

1.  CONCLUSION

THE PID CONTROLLER HELPS GET THE
OUTPUTS, WHICH ARE THE FINAL POSITIONS OF M; AND
M, DETERMINED BY THE ANGLES ©; AND 0,, WHERE
WE WANT IT, IN A SHORT TIME, WITH MINIMAL
OVERSHOOT, AND WITH LITTLE ERROR. THIS WILL BE
DEMONSTRATED USING THE FOLLOWING EXAMPLES.
Example 1. We consider the simplified model of a
two-link manipulator shown in Figure 1. In this
experiment, we take the following parameters

M1 =M2 = 1,L2 = Z,Lz =1.
M1 =M2 = 1,L2 =2,L2 =1

The target position of the two-link manipulator

T T T

3 L L .

The target positions (final positions) are gzj =
"]
0
The initial positions, initial angle velocities, and
initial states are, respectively, taken as
[91(0) _ [ﬂ/ 2 [91(0) _ [O] [Xl(o)] _ [O]
02(0)]  [m/2]"|6,(0)] lol’[x,(0)] Lok
The PID parameters for 8, and 0,, are taken as
KP, = 30, KD; =15, KI; = 20,
KP, = 30, KD, =10, KI, = 20.
In Figure 2, we show the initial and target positions of
the two-link manipulator. Next, we plot the positions
0, and 6, of M; and M, versus time over the interval
[0,30] in Figure 3.

The initial position of the two-link maniputator

0

Figure 2: The initial positions (left) and the final position (right) of M1 and M2 for example 1.

The position of M , versus time
1%

0, (tirsd)

time t (sec)

Tha position of M;versus time

0., ) (rad)

.
10 15 2 %

time t (sec)

Figure 3:The positions of M1 (left) and M2 (right) versus time for example 1.
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In Figure 4 we present the difference between where

we want

to go and where we are actually at i.e.,
e(61) = 615 —01,e(0;) = 0 — 6,

Emor for (), versus time

el )

[1].

2.

13].

[4].

time t {sec)

e(t);)

where 04 and 0, are the target positions and 6, (t)
and 6, (t) are the numerical approximations obtained
by solving the system of ODEs. These results indicate
that the PID controller gets the final positions.

Erorfor (), versus time

time t (sec)

Figure 4:The errors e(01) = 0,(t) -61¢ and e(0,)=0,(t) -0, versus time for example 1.
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