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Abstract

In this project, design and implementation of self balancing two wheeled robot
system has been done successfully. PID(Proportional integral derivative) control,
FOPID(Fractional order proportional integral derivative) control and LQR(Linear
quadratic regulator) has been done successfully on MATLAB simulation and do the
comparative analysis. The PID and FOPID control algorithms are successfully im-
plemented on the hardware(self balancing two wheeled robot) system and it has been
proved that fractional order control gives better response compare to integer order

control.
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Chapter 1

Introduction

In modern calculus the differentiation term D = % is a well known tool.For function

f the n'* derivative is a well-defined as D" f(z) = %, here n is a positive integer

number.we extend this concept like ”if n is arbitrary,e.g. fractional then what hap-
pen”,

In the recent years fractional order controller was not popular.when benefits stem-
ming from using its concepts became evident in various scientific fields, including
system modeling and automatic control. The rise of interest to the topic of fractional
differentiation is also related to accessibility of more efficient and powerful computa-
tional tools. The introduction of computer algebra systems, such as MATLAB and
Mathematic, led to new possibilities for evaluating the theoretical aspects of frac-
tional calculus in specific application.

There are three definition for fractional calculus [5]

Definition 1 Riemann-Liouville definition

w1 do [f f™7)
ath(t)—m<E) /a(t_T)TdeT

where m — 1 < a <m,m € N,a € RT,T'(.)isaeulersgamma function

2
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Definition 2 Caputo definition

0D f(t) = ! ) /0 (t _f:L)(aT_)mH dr

'im—«

where m — 1 < a <m,m € N,

Definition 3 Grunwald Letnikov definition)

t—a
cizeo

aD} £(1) = lim 2 S (1P ajf(t — jh)
§=0



Chapter 2

Motivation

We found that PID control algorithm have wide acceptance and mainly in industries,
but for faster response of the system and specially for nonlinear system PID control
is not give desired output, so for that we found one new control algorithm is FOPID
control algorithm.

It is remarkable to note the increasing the number of studies of fractional order con-
troller .For the faster response of the system the fractional order controller which are
very effective compare to PID controller in more precise and robust control perfor-
mance.And in FOPID control have two more parameter compare to PID for tuning,

and there are A\ and p and \ is varies between 0 to 1.



Chapter 3

Objective And Block diagram

3.1 Objective

Here in this project, modelling of self balancing two wheeled robot system and applied
PID, LQR and FOPID control algorithm on MTLAB simulation. Then implement
PID and FOPID controller on the self balancing hardware and do the comparative

analysis.

3.2 Blockdiagram

Integer order
system

LQR
controller

Comparison

Fractional order
system

Figure 3.1: project flow diagram 1
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The LQR control algorithm is applied on the integer and fractional order system

and do the comparative analysis into the MATLAB simulation as shown in fig 3.1.

Integer order
system

Input

Fractional order
system

Output

Comparison

Integer order
system

Fractional order
system

Figure 3.2: project flow diagram 2

The PID and FOPID control algorithm are applied on integer and fractional order
system and do the comparative analysis into the MATLAB simulation. and also ap-
plied PID and FOPID control algorithm on self balancing two wheeled robot hardware

system as shwon in fig 3.2.



Chapter 4

System modelling

4.1 system modelling

Here in this chapter mathematical model of the self balancing robot system has to
be described, equation of inverted pendulum, wheeled and DC motor are derived in

details.

4.1.1 modelling of a DC motor

[?] The self balancing robot is balancing on the two wheeled and this wheeled are
connected with two DC motor. The mathematical equation of the DC motors are de-
rived. These mathematical equations are provide relationship between input voltage
to motor and required torque to balance the system. Free body diagram of the motor
is shown in fig 4.1.

Motor torque is proportional to the current I, we can write as per the equation (4.1)
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Trmotor

I ® T @+

Figure 4.1: Diagram of a DC motor

Magnetic field is present into the motor, when Coil of the motor moving into the

magnetic field back emf is produced,

‘/emf = Kemf * W (42)

Apply Kirchof voltage law at the figure 4.1

dI
V—RI—L—=0..(43
o (4.3)

Summation of the all the torques produce on the motor shaft are related to the
acceleration of the shaft by the inertia load of the armature Ig,as per Newton’s law
of motion.

Tmotor — Kfri *W — Tagrm = IR * Cd(44)

Put equation (4.1) and (4.2) into(4.3) and (4.4),

Al R. K V

d_(,d - Kmotor |+ _Kemfw _ Tarm

= ...(4.6
dt Ig Ir Ip (4.6)
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Equation (4.5) and (4.6) are function of Velocity and I and its have first order deriva-

tive therefore motor inductance and friction are negligible,

[=— —V...(47
7wt Ve (47

dw Kmotor Tarm

— = I——.... 4.

dt Ig I (4.8)

put equation (4.7) into (4.8),

dw Kmotor-Kemf 1 Tarm
dw _ v Tam 49
dt R IR In (49)

The DC motor mathematical equation can represented with a state space model, and
this system have parameters are position § and velocity w, as shown in equation (4.10)

and (4.11)

0 0 1 0 . 0 0 1% (4.10)
M o 7Kmo 07‘~Kem K7no or —1 o '
w 0 =] v e T ] | Tam

y:[l ()] f +[o 0} v ..(4.11)

w Tarm

4.1.2 Mathematical model of two wheeled

7]
Here in this section we have to derived mathematical equation of the left and right

wheel, free body diagram of the wheeled as shown in the fig 4.2.

Summation of the force on the horizontal direction as per the Newton’s law is
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Lefi Righr
wheel @, wheel @y
» i i .’_

. -—p . —-p
X, %, % X, X, %

Figure 4.2: Free body diagram of the wheels

Here F, is friction or conflict force between the plane and right wheel and G, is back
force between the right wheel and robot chassis,

Summation of the force acting on the wheel’s center is
M =1«

Lobw = Tr — F,.r.....(4.13)

Where I,, is wheel’s moment of inertia, ¢, is angular acceleration and 7g is applied
torque from the motor to wheel.
As per above derivation of the motor torque which derived in the mathematical model

of DC motor(as per equation (4.8))

d
Tmotor = IRd_Q:) + Tarm~---(4-]—4)
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substitute value ¢ from equation (4.9)

Kmotor'Kemf :
Tw = =y
7 ¢

K motor
R

V...(4.15)

substitute value of 7 from the equation (4.15) to equation (4.13)

" Kmotor Kemf : Kmotor
Ly = — ; V — F.r..(4.16
¢ R TR r..-(4.16)
Thus,
Kmotor-Kemf : Kmotor Iw N
F=—0,+ ——V — —¢,...(4.17
Rr ut R.r T Pu-- )

substitute F,. value from equation (4.17) to equation (4.12)
Equation of left side wheel

Kmo or-Kem :
R e
R.r

Kmotor
R.r

I .
V- 7”% — Gp...(4.18)

Equation of right side wheel

.. Kmotor-Kemf :
Mw = 5. Puw
. R.r G+

Kmotor
R.r

I .
Vv — 7‘“% — Gg...(4.19)

Here we have to transform angular rotation to linear motion, for that we can used

below equation

. . . x
¢w'T =T = wa = ;

S| &

(b‘wr:j;:>¢‘w:

After this transformation above left and right side wheel equation (4.18) and (4.19)
becomes like,

Equation of left side wheel

. Kmotor-Kemf T Kmotor [w z
Mg = — —motor-Tremf T\ Bmotory,  Tw® (4,20
. R.r r + R.r rr 2 )
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Equation of right side wheel

Kmo OT'Kem ! Kmo or Iw th
Smotor-Zemf Ty Dmotoryy Twl_ qrp (4.21)

M7= —
v R.r T R.r ror

After the summation of the equation (4.20) and (4.21) we get,

2-Km0 orKem . 2Km0 or
— i 124 oy —

2(M — )
( w+r2)x R.r r R.r

(GL + Gr)....(4.22)

4.1.3 Mathematical model of self balance robot’s chassis

7]
Here we have to derived mathematical equation of the robot’s chassis, fig 4.3

display free body diagram of the self balancing robot chassis,

Figure 4.3: Diagram of the self balancing robot chassis

As per Newton’s law of motion,
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(G + Gr) — IMpd,cos ¢, + IMpd, sin g, = M, i....(4.23)

Thus
(G + GR) = M,.i + IMpd, cos ¢, — IMp,” sin ,....(4.24)

Summation of forces acting vertical to the chassis are

Z Fyp = M,.7 cos ¢,

(G + GRr)cosp, + (Vi + Vi) sin ¢, — M,gsin ¢, — lMqu;p = M, cos ¢,,....(4.25)

Summation of moments to the center of mass of self balancing robot’s chassis,

ZM:I.a

—(GL, + Gr)lcosé, — (Vi + Va)lsin g, — (11, + Tr) = Iyo,....(4.26)

The torque applied on the robot’s chassis from the right motor and left motor which

defined in the equation (4.15), and after the linearised its becomes

2KmotorKemff' + 2[(motor

R.r T R.r v

(TL+TR)=—

put the value of 7, + 7 in equation (4.26),

_2Kmotor-Kemf f + 2Kmot0r

—(Gr +GRr)lcos ¢, — (Vi + Vg)lsing, — ( 7, " Ry

V) = pﬁgp

thus

2Kmotor-Kemf E + 2Kmot0r

—(Gp+Gr)lcos ¢y, — (VL + Vg)lsing, = Ipé’p - Rr ’ Rr

V...(4.27)
Both the side multiplying with [ to the equation (4.25)

(G, + Gr)lcos ¢, + (Vi + Vg)lsin ¢, — IM,gsin ¢, — My, = M,li cos ¢p....(4.28)
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Put the value of equation (4.27) in equation (4.28)

2K otor Kemr & 2K 08
I . motordXem f e motor
r0p R.r r + R.r

V — IM,gsin ¢, — M,I%¢, = M,li cos ¢,....(4.29)

Put the value of(GL+GR) from the equation (4.24) into the (4.22)

2Km0tor~Kemf E‘i‘ 2Kmotor

. . .
R.r r R.r V—Myi—Mylg, cos pp+Myld, sin g,....(4.30)

)=

Rearranging equation (4.29) and (4.30)

N 2Kmo orKem i 2Kmo or .
(I + M,1%)d, — ==meter—en] o+ LY 4+ IMygsin g, = —Myli cos 6y....(431)
2Kmotor 2I .. 2KmotorKemf T

V = (2M, —|— +2M) —|—M l¢pcos¢p Ml¢p sin ¢y...(4.32)

R.r R

Above equation (4.31) and (4.32) are nonlinear, so for linearising we have to assume

¢p:W+¢,
doyp

dt) =0

cos ¢, = —1,sin ¢, = —¢, and(

After the linearised these equation of motion are

" 2[<'rrLo or-Kem i 2Kmo or .
e 4 LY 4 IMy90 = —Myi....(4.3)
2[(motor 21 2Km0tor~Kemf T 7
V =(2M, 2M, ————— — M,l¢..... 4.34
Y = (M, + St M) SR D G (4.31)

When rearranging equation (4.33) and (4.34) for the state space representation of the

system its becomes

M)l 2K Koo & 2Kontor M,gl
TS VAT R0 AN VATE) R O A VATE) R A VARG e
(Ip + Mpl?) (Lp + Mpl?) v (Ip + Mpl?) p T My

b=

2Kmotor 2Kemf Kmotor . Mpl

vt i — b..(4.36
RO 1 oM, + M) T R(ZE + 20y + My (% v oM, 1 gy )

T =
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Put the value of (4.35)into(4.34)and (4.36) into (4.33)

’ 0 1 o o[« 0
IR R
¢ 0 0 0 1 é 0
I ¢ | ] 0 2Kmotor%$g(’!’ﬂ—Mpl) Mflﬁ 0 1 ¢ _ W
where
8= (% +2M,, + M), a0 = [L,0 + 212Mp(£_’;’ + M,)]
Here
M, = 0.04,
r = 0.052,
I, = 0.000049,
I, = 0.0042,
M, = 1.14,
[ =0.08,

Kemyp = 0.006091,
R =4,

g = 9.81,

Kiotor = 0.006131,

Put these all above value in equation (4.37),we get

0
0
0

0 —0.0292 183.5182 0

1
—0.0076
0

0 0
13.3230 0O
0 1

2K motor (Ip+Mpl2—Mplr)

0.0650

0.2491

15

V.(4.37)
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1 000 0
C: 7D:
0010 0

4.2 Convert integer order to fractional order sys-

tem

Here we convert system from integer order to fractional order system.[I]
Representation of state space model for integer order system is shown in below,
state equation

= Ax + Bu

Representation of state space model for fractional order system is shown below,

state equation

DY = Ax + Bu

Wherea = [al, a2,a3......an] A is state matrix, B is input matrix,C' is output matrix
and D is the direct transmission matrix.

We have one laplace transform’s properties of fractional order is,[2]
LlaDy . F(t)] = s“.L[F(t)]....(4.38)

[6]

Here we have to rearranging equation (4.38),
[aD® F(t)] = L™ [s*. LIF(t)]]

[aDf F(t)] = L™ [s"]. L [LF(1)]]

(@D F(t)] = L~Y[s*].[F(¢)]...(4.39)
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as per the laplace transform properties L™![s%] = fa(ff

Put this above laplace transform properties into the equation (4.39) and we get new

equation as shown below in equation (4.40)

[aD§.F(t)] = ==L [F(t)]...(4.41)

We can write these two equation as shown below from the integer order state space

model,

& = —0.0076.% + 13.3230.¢ 4 0.0650.V,....(4.42)

¢ = —0.0292.% + 183.5182.¢ + 0.2491.V,...(4.43)

For the fractional state space model we have to find out [aD¢.#] and [aD$.¢] using
equation (4.41),(4.42) and (4.43). And we can write fractional state space equation

are

r r r
D2 ] = —0.0076. Y 5+ 133230209 5+ 00650 2 v (444

to—1 : ta—1 ’ ta—l :

[aD%.¢] = _0.0202. 1) ; + 183.5182. 1Y) ¢ + 0.2491. 1) 1/ (4.45)

P P fa1 Ve

From the above two equation we can write fractional state space model is shown in

equation(4.46)
aDi 0 1 0 0|« 0
aDy i 0 —0.0076.0 13.3230.0% 0 0.0650. 12
= + V,..(4.46)
aD.¢ 0 0 0 1] ] ¢ 0
aD{.¢ 0 —0.0292.0) 183.5182.0@) o | | ¢ 0.2491. 5]




Chapter 5

Design different controller for self

balancing system

The self balancing robot system described in chapter 4 is nonlinear and fully unstable
system, control objective of this system is always challenging. Here in this chapter
we applied LQR (Linear Quadratic Regulator), PID(Proportional Integral Derivative)
and FOPID(Fractional Order Proportional Integral Derivative) control algorithm on
the integer order system and fractional order system and do the comparative analysis

on the MATLAB simulation.

5.1 Linear Quadratic Regulator (LQR) control

The LQR control is a well known state space technique for designing robust and
optimal regulators. LQR control refers only linear system and quadratic performance

index as per the,

&(t) = Az(t) + Bu(t)...(5.1)
z(0) = xg...(5.2)

18
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Here below equation (5.3) is representing integral performance index

1

J = 5 /Ooo[x’(t)Qx(t) + U'(t)RU(t)]dt...(5.3)

Linear quadratic regulator control law is

u=—R'BPx..(54)

Where P = P’ > 0, and we have to solve the Ricati equation as shown in equation(5.5)

0=PA+AP—PBR'B'P+Q..(55)

Here in LQR control have one gain vector is K, and its determine some amount of
feedback into the system and K = R~'B’P. Here for LQR have two another tuning
parameter are (Q and R, and its value are always positive,Q matrix value is depend on
the size of the system state matrix, and R matrix size depend on the system’s control
input. Here fig 5.1 is shown the block diagram of the linear quadratic regulator

control.

5.1.1 Applying LQR controller on integer order system

First of all we have to check system is controllable or uncontrollable,controllability is
depend upon the matrix A and B, if rank of CB = [BABA" ' B] is N here N is no
state of the self balancing system.

MATLAB command for checking controllability

>>CB=ctrb(A,B)
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Figure 5.1: LQR control block diagram

>>rank(CB)

Here rank of CB is 4 and system state is also 4 it means system is controllable, so we
can apply LQR control algorithm on the self balancing robot system.

For LQR we have to choose two parameter Q and R, normally we assume R=1 and

Q=c*c’ here our system have 4 state so Q matrix is like

aOOO_
0 b 00
00 c O
_OOOd_

Here for our system a = z,b = i&,c = ¢ and d = ¢, the value of Q = ¢ * ¢ matrix is

o o o
o o o O
S = O O
o o o O

Here in the Q matrix position weighting is (1x1) and chassis angle weighting is (3x3)

When we apply LQR control algorithm on the system and solve the ricati equation
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for position(1x1) weighting is 1000,chassis’s angle(3x3) weighting is 5000 and R=1
and plot the response for the system state, response shown below for the different
weighting

State response

* 10
4 T T T T T T T T T
x
I5F ®Dot
—— phi
3 ——— phiDot []
25 -
2 .
1.5 1 -
15 _
0.5 \ -
U =
1 1 | 1

1
0 0.5 1 1.5 2 25 3 35 4 45 5
Time [5]

Figure 5.2: Appropriate response with appropriate weighting

Here fig 5.2 shows the most acceptable response, here weighting of position is

1000, chassis’s angle weighting is 5000 and R=1,
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®x 10

4 T T T T T T T T T

b

*Dot
3 — phi H

— phiDot

2 ]
10 i
0
AL .
_2 1 1 1 1 1 1 1 1

1
0 0.5 1 1.5 2 245 3 35 4 45 ]
Time [s]

Figure 5.3: Response with high value of R
Here fig 5.3 shows the response with high weighting of R, and R value is 100, here

we can see the less motor control, this response in a low gain value for x and z, it

causes the self balancing robot to continuously moving.
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w10

3at

xDat
— phi

——— phiDot ||
25} .

1.5+ .

0.5 .

_1 | 1 1 1 1 1 1 | 1
0 0.5 1 1.5 2 25 3 35 4 4.5 5
Time [s]

Figure 5.4: Response with high value of x(position)

Here fig 5.4 shows the response with high value of position, we can see the settling
time is very less to every state response, but motor will not get appropriate response

because motor have to required maximum torque.
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Figure 5.5: Response with high value of chassis’s angle

Here fig 5.5 shows the response with high value of chassis’s angle, here when we
increasing weighting of chassis’s angle then we have to compromise with response of

the state and settling time.
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5.1.2 Applying LQR controller on fractional order system

Here we have to applied LQR control algorithm on the fractional model which de-
scribed in equation (4.46), here we have three different parameters for tuning, like Q
and R are same as integer order system and one new parameter is «, in fractional
model we can varies a between 0 to 1, here we have one more tuning parameter is «
compare to integer model.

When applying LQR control algorithm on fractional order control system we get dif-

ferent response as shown below,

® 10

J5F

®Dot
—— phi

——— phiDot ||
25 .

1.5H .

oo |

N5} .

1 1 1 1 1 1
0 05 1 15 2 25 3 35 4 45 5

Time [s]

Figure 5.6: Response of the system when « is 0.9

Here fig 5.6 shows that here response is good but maximum peak overshoot and

settling time is more
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Figure 5.7: Response of the system when « is 0.5

Here fig 5.7 shows that here settling time is less compare to above response but

peak overshoot is more
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Figure 5.8: Response of the system when « is 0.1

Here fig 5.8 shows that system is more faster and less peak overshoot compare
to above two response,it means when « is nearest to 0 then we get good response,
but here when system become faster that time high torque is required for our self

balancing system.

5.2 Apply PID and FOPID control algorithm

Here in this chapter PID and FOPID control algorithms are applied on the integer
order and fractional order system and do the comparative analysis. For applying PID
and FOPID control algorithm on the system before that we have to modelling system
into the MATLAB simulink.

Integer model and fractional model are derived in the chapter 4, from the state space

equation of the model we have to design system model into the MATLAB simulink,
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Model of integer order system

Here these below two equations are for integer order, using these equations we have

to modelling into the MATLAB,
i = 2.5783x + 2.9346& — 122.6800¢ — 10.3701¢ + 0.0815V,

¢ = 7.76802 + 8.84164 — 231.11956 — 31.24333¢ + 0.2456V/,

w1
x

&

phi

Figure 5.9: Integer order model

Model of fractional order system

Here these below two equations are for fractional order, using these equations we have

to modelling into the MATLAB,

i = 3.6432z 4 3.59454 — 169.7749¢ — 10.9601¢ + 0.1152V,
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¢ = 13.9620x + 13.77504 — 415.8496¢ — 42.00246 + 0.4415V,

— [ L’T‘ }_‘ n’T‘ w1
| l

Gaing

phi

13.9620

Gaind
-42.0024
-415.8496)
Gain?

Gaing
13,7750

Gain5

Figure 5.10: Fractional order model

Apply PID controller on integer order and FOPID controller on fractional
order system

Here fig 5.11 shows the closed loop model of the self balancing system,and fig 5.12
shows the output response of the self balancing system, here yellow response is for the
PID controller and purple response is for the fractional order system. As per the fig
5.12 we can say that the FOPID controller response is faster compare PID controller
response, oscillation is less compare to PID controller, and also peak overshoot is less
compare to PID controller. so as per the response we can say FOPID gives better

response compare to PID controller.
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Figure 5.11: closed loop model

Figure 5.12: output response
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Apply PID and FOPID controller on the fractional order system|[3]
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Figure 5.13: closed loop model

Figure 5.14: output response

Here we applied PID and FOPID control algorithm on the fractional order system
and its closed loop is shown in fig 5.13, and fig 5.14 shows output response of the
self balancing robot system, here we observe that PID and FOPID controller’s set-
tling time is same but peak overshoot of PID controller is more compare to FOPID

controller. [4]



CHAPTER 5. DESIGN DIFFERENT CONTROLLER FOR SELF BALANCING SYSTEM32

Apply PID and FOPID controller on the integer order system
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Figure 5.15: closed loop model

Figure 5.16: output response

Here we applied PID and FOPID control algorithm on the integer order system and
its closed loop is shown in fig 5.15, and fig 5.16 shows the output response of the
self balancing robot system, here we observe that settling time and peak overshoot of
the FOPID controller is less compare to PID controller, and oscillation of the FOPID

response is less compare to PID response.[7]



Chapter 6

Hardware implementation of self

balancing system

Here in this chapter we have to implement PID and FOPID control algorithm on the
hardware system of self balancing robot, and do the comparative analysis and try to

understand which algorithm gives better response. Fig 6.1 shows the hardware model

Figure 6.1: Hardware of self balancing robot

of the self balancing robot,this model is the group of different parts like MPU6050

33
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gyro and acceleration sensor,20A motor driver circuit,12v two DC motor,12v power

supply and Arduino controller,

6.1 Parts description

Here in this chapter different parts of the self balancing system has to be describe
shortly, and these parts are MPU6050 gyro and acceleration sensor,20A motor driver

circuit.

6.1.1 MPU6050 Sensor calibration

Here we used MPU6050 gyro and acceleration sensor which shows in fig,this is 8 pin

sensor and it gives acc,, accy, acc,, gyro,, gyroy, gyro, and temperature value,

Figure 6.2: MPUG6050 gyro sensor

These 8 pins are VCC,GND,SCL,SDA,XDA,XCL,ADO0 and INT,we have to gives 3.3v
to the pin VCC and GND is connect with the ground,SCL gives serial clock for 12C
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interfacing, SDA is a serial data line for 12C interface and used to fetch the data
stored into the internal FIFO register,XDA is used for external data interface for 12C
bus, we can connect any external device with MPUG6050 sensor,XCL gives the serial
clock for externally connected device, 12C address is depend on the ADO pin of the
sensor,if ADO connected to the ground the address is 0x68 and if it connected with
Vlogic(3.3v) then address is 0x69 and INT pin is for the interupt.

Here the MPU6050 sensor output value is very noisy so for that we have to remove
this noise and oscillation from the sensor output data, so for that complementary
filter is the best way to remove the noise. here Fig 6.3 is shows the block diagram of

the complementary filter

Mapping Sensors
Complementary Filter

.| Low-Pass
Filter

Angle

High-Pass
Filter

Numeric
Integration

v

»  Angular Velocity

Figure 6.3: Block diagram of complementary filter

As per the block diagram of complementary filter we have to make the simulation
model of the complementary filter, for that we have to implement these two equation

which are shown below,
—accX

accZ

Pitch = tan™!

CompangleY = 0.93(CompangleY + gyrorate = dt) + 0.07 x Pitch
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Figure 6.4: Simulink model of the complementary filter

Fig. 6.4 shows the simulation model of the complementary filter. when we apply the
complementary filter and get response between gyro angle Y and compangleY which

shown in Fig. 6.5

Figure 6.5: Response of the complementary filter
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6.1.2 20A motor driver circuit

Figure 6.6: 20A motor driver circuit

Here in fig 6.6 shows the 20A motor driver circuit,it’s working with 6 to 18 V
and 20A current. This motor driver circuit is ideal for two motor where work with
20A current during normal operation and startup operation,it have breaking feature
and we can work with the motor direction like forward and reverse, it has protection

circuit for avoid any current and voltage fluctuation.

6.2 Connection diagram of hardware model

5V

R BRK M12

D 4 PWM
[ 3.3V u 5 DIR

| GND
. 2,

(o} GND
| SCL —]5v

M —1BRK
SDA E 9 PWM

A GND m22

Figure 6.7: system connection diagram



CHAPTER 6. HARDWARE IMPLEMENTATION OF SELF BALANCING SYSTEM38

Here in fig 6.7 shows the connection diagram of the hardware model, here MPU6050
gyro sensor is connected with the arduino mega 2560, and arduino controller con-
nected with the 20A motor driver circuit, 12V two DC motor and battery is connected

with the 20A motor driver circuit.

6.3 Implement PID and FOPID on hardware model

For applying PID and FOPID control algorithm on the hardware model we have to
make a simulation model into the MATLAB,fig 6.8 shows the simulink model of the

system,

2_vel
sf_MPUEOS0_Driver
x

¥_see|

z_scc]

'WPUEOS0 Driver SFunction

ARDUING
nrn

Pin8

Digial Output2

ARDUING

nrn

Fin9
Digial Cutput3

Figure 6.8: Simulink model of the system

Here we plot the response of the PID and FOPID control algorithm for different KP
value,

From these PID response we can observe that when KP value is 4 that time response
is good compare to other KP value and that time system can softly move.

From this FOPID response we can observe that when alpha value is samll like near

to 0 that time response of the system is good and system become faster.
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Figure 6.9: PID response for the KP=4,KI=0.01,KD=0

Fig. 6.15 shows the comparison graph between PID and FOPID control algorithm,

and from this response we can observe that FOPID response is good.
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Figure 6.10: PID response for the KP=5KI=0.01,KD=0
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Figure 6.11: PID response for the KP=7,KI=0.01,KD=0
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Figure 6.12: FOPID response for the KP=4,KI=0.01,KD=0,alpha=0.1
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Figure 6.13: FOPID response for the KP=4,KI=0.01,KD=0,alpha=0.5
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Figure 6.14: FOPID response for the KP=4,KI=0.01,KD=0,alpha=0.9
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Figure 6.15: Comparison of PID and FOPID control response



Chapter 7

Conclusion and Future work

Conclusion

After the apply PID and FOPID control algorithm on the self balancing system we
can conclude that the FOPID controller response is more better than PID control
algorithm,FOPID have more stability, less oscillation and gives faster response com-
pare to PID control algorithm.

Future work

Furthermore,Fractional optimal control can be implemented on aforementioned sys-

tem in order to improvise system response.
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