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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical
model for capacity management based on different costing models (ABC and TDABC). A generic model has been
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity
optimization might hide operational inefficiency. 
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1. Introduction

The cost of idle capacity is a fundamental information for companies and their management of extreme importance
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity
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Abstract

It becomes essential to run AGV at a constant speed or RPM in the plant to reduce downtime and lead time. Fuzzy
logic controller and PID controller are applied to achieve constant RPM in AGV. AGV contains DC brushed motor
with encoder, motor driver, microcontroller and battery. Encoder gives feedback to microcontroller in the form of
shaft position. Microcontroller reduces error in the system based on the parameters defined by the algorithms. The
first phase of the paper gives brief information about the hardware, software and the algorithms. In the second phase
of the paper, methodology for implementing the algorithm to the system is shown. In the final phase of the paper,
results and discussions are mentioned based on the applied algorithms. Comparison between PID controller and
fuzzy PID controller is also shown. Ziegler-Nichols Algorithms is used to find PID parameters. MATLAB simulink 
and fuzzy logic tool box are used for simulation. Arduino Microcontroller is used to accept the feedback given by 
the encoder and to control the speed of motor. In a nut shell, these control strategies help AGV to run at a constant
RPM with reduced settling time, steady state error and overshooting.
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1. Introduction

The present work demonstrates the methodology for implementing PID control algorithm and Fuzzy logic control 
algorithm to run AGV at a constant velocity. To achieve constant velocity of AGV, speed of a DC motor is 
controlled using above mentioned algorithms [1]. Fig. 1 shows the block diagram of a system, in which encoder is 
used as a feedback element. Motor is considered as a plant and Arduino (open source controller) is used as a 
controller. Set point is in the form of RPM and output is in the form of shaft position of the motor [2]. PID 
parameters are found using Ziegler Nichols algorithm. Fuzzy logic process is divided the three parts. Fuzzy logic 
Block diagram is shown in fig. 4. According to the reference point, first Fuzzification takes place. Interference 
engine comes in the picture between Fuzzification and Defuzzification process [3-5].  1). Fuzzification which 
converts the measured data (e.g. RPM of the motor is 200) into rhetorical data (e.g. motor is too slow).  Fuzzy rules 
can be defied after the Fuzzification process gets over [4]. 2). Interference Engine which provides appropriate 
coherence and analysis for an output simulation. 3). Defuzzification gives output on the basis of membership
function and defined rules [5][13]. 

Nomenclature
s Laplace operator             ω Natural frequency of oscillations         K         gain of the system
Km Motor size constant          Kb Back EMF constant              J          Inertia of the motor 
ξ damping ratio              ωd damped angular velocity             KP        positional error constant, 
Kv velocity error constant      Ka  acceleration error constant                   ess        steady state error 
G(s)  Transfer function              Z-N Ziegler Nichols method             FSL      Fussy logic system 
C(t) output response                 Td delay time     Tr        Rising time 
Tp pick time                           Mp overshoot in %,            Ts            settling time

Fig.3 shows the front view of AGV, which is used in this project. AGV has to follow only black straight path, 
which is detected by IR sensors. The proposed work only gives an idea about the PID and Fuzzy logic controller 
implemented in AGV [3]. Rests of the things are not taken in account in this work. The complete setup for 
implementing fuzzy and PID controller is shown in fig. 2. Two major things are to be taken in account in this work.  
Self weight of AGV is considered as a load and friction is neglected in the system [6].      

Fig. 1. Block Diagram of the PID Control system     Fig. 2.  Testing Setup 

Fig. 3. Automated Guided vehicle used in this work Fig. 4. Fuzzy Logic Controller Block Diagram [13] 
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Table 1. Specifications of AGV   Table 2. Specifications of a DC Encoder Motor used in AGV

Sr. No. Parameters Values

1 L x B x H 35cm x 25cm x 
15cm 

2 Mass of AGV 3.2 Kg 

3 No of Motors 4 

4 Types of  Motors DC brushed Encoder

5 Motor Specification 6 volts, 500 PRM,
3.6 Kg.cm at 1.2 
Amp-

6 Wheel Diameter 10 cm

7 Path to be followed Straight Dark line

8 Path Followed by IR sensor Array 

9 Motor Gear Ratio 36:1 

Table 1 gives the full information about the AGV used in this project. Table 2 gives the full information about
the Motor used in AGV.
2. Problem Description and Methodology  
2.1. Problem Description 

The main aim of the paper is to reduce settling time and overshoot in DC Encoder motor to Run AGV with a 
constant RPM. The second thing is to find transfer function of the system to apply PID and fuzzy on it. Third and
final problem is to interface MATLAB simulink with an AGV via Microcontroller.
2.2.  Methodology

In the proposed work, PID controller techniques are used using Ziegler Nichols Algorithm and Mamdani
Technique is used for fuzzy logic controller [7]. At the end comparison of settling time, rise time, peak time,
overshoots and delay time are shown between PID controller and fuzzy logic controller. Arduino 8 bit
microcontroller is used for processing and applying the algorithms. MATLAB simulink is used for Simulations [15].
3. Mathematical Modeling and Simulations
3.1 Transfer Function of the system

Fig. 5 shows a general purpose block diagram for the simulation of the system. The system has two major parts,
one is mechanical part and the other is an electrical part. It can be observed from the block diagram that, the
proposed system is a second order system. The known parameters of motor are given in table 2 [8].

The type of the system and order of the system can be found using equation 1 and equation 2 [1][7]. The type of
the system is zero and order of the system is two. The open loop transfer function of the system is given in equation
3, in which Ka is unknown parameter (gain of the system) and can be found using Routh’s criterion. Equation 4 is a
characteristic equation for stability). Equation 3 leads to equation 3a, where 200Ka=K (Overall Gain of the system).
According to table 3, using Routh’s Criterion, Value of Ka>-0.04, so here value Ka is taken as 0.04. The given
system is under damped and the value of ξ=0.60, which is less than one. Equation 3b is the close loop transfer
function of the system [9][10].

 Fig. 5 System Block Diagram for Simulation

GsHs = K …………
  (1)

Sr. No. Motor Parameters Symbols Information

1 Motor Inductance La 1 Henry

2 Armature Resistance Ra 4Ω

3 Motor Inertia J 0.005Kg.m2

4 Torque Constanta Ka 0.01
N.m/Amp

5 Type of the system See Eq 2 Type Zero

6 Order of the system See Eq 1 Second Order

7 Type of feedback - Unity
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GsHs = K …………   (2)  

GsHs = .. (3)        1 + KGsHs = 0         (4)

GsHs =  (3a), where Ka=0.04 and viscous Friction B is 0.01  =  (3b)  (Close loop Transfer Function of the system)  

3.2 Steady state analysis of the system  
Equation 5 is suitable for the under damped system is (ξ<1).  Steady state parameters (KP, Kv, Ka and ess) can be 
found using equation 6 to 9 [4].  

t =   e sin ω t) (5) K = lim→GsHs               (6)

K = lim→ sGsHs (7)       K = lim→ sGsHs (8)   

E =  (9) 

3.3 Transient analysis of the system 
Transient parameters are shown in Equation 10 to 14. Every system opposes an oscillatory behaviour (damping). 

This tendency controls the closed loop poles of the system. The response of the system is decided by the close loop 
poles of the system [1]. T = . (10)    T =  (11) 

T =  (12)  M in % = 100 e  (13) T =  (14) 

3.4 Simulation of the PID controller using Ziegler-Nichols Algorithm  
After finding the transfer function of the system, it becomes vital to find Kp, Ki and Kd (PID parameters). Z-N 

algorithm is one of the powerful algorithms to tune and to find Kp, Ki and Kd parameters. It also works well for the 
second order system [1-3]. ZN algorithm deals with Ultimate time and ultimate gain, so it is necessary to find the 
response of the system without any controller. Response of the system helps to find Kp, Ki and Kd using table 5 and 
fig. 7. A tangent line is shown in fig. 7 is called ultimate time (T, where T=0.62 from the graph). Length L is almost 
equal to the delay time (L=0.06 from the graph). Figure 8 is the simulation block diagram of the system to compare 
the simulated response [2].  

Fig. 6. Response of the System without any controller 
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Four responses are taken in the simulation. Step response, response without any controller, PID controller’s
response and fuzzy logic controller’s response. That is why MUX
response [9-13].  It can be observed from the fig.
controller). Equation 15 and 16 are the transfer function for the PID controller. Finding
Kd is shown in Fig. 7. A tangent is drawn at inflation point to calculate T and L, where T is a time from delay time
to rise time and L is a time from origin to delay time
time is from when system starts taking a curve.  Here T=0.62sec and L=0.06 sec from the graph. It should be noted
that simulation is done for unit step input, which can be scaled at any ratio [1][3].

PIDs  K  
 K  Ks

Fig. 8 Simulation Block diagram of the system

Table 3. Routh’s Criterion   

Laplace
Operator

First 
Coefficient  

Second 
Coefficient

    S2 1 8+200Ka
S1 6 0 
S0 (8+200Ka) -
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Fig. 7. Response of the System to find Kp, Ki and Kd 

Four responses are taken in the simulation. Step response, response without any controller, PID controller’s
response and fuzzy logic controller’s response. That is why MUX is connected before scope to integrate all the

can be observed from the fig. 6. that, steady error is almost 50 % in the system (when there is no
controller). Equation 15 and 16 are the transfer function for the PID controller. Finding T and L to tune

7. A tangent is drawn at inflation point to calculate T and L, where T is a time from delay time
to rise time and L is a time from origin to delay time [14]. Delay time is from when system starts responding.
time is from when system starts taking a curve.  Here T=0.62sec and L=0.06 sec from the graph. It should be noted
that simulation is done for unit step input, which can be scaled at any ratio [1][3].

(15) PIDs  12  
 0.12  0.03s

8 Simulation Block diagram of the system

Table 4.  Fuzzy Rules for the System

RPM Range  
RPM 

Voltage Range  (Volt)

S1 0,0,90 PWM3 1.5, 2.0, 2.6

S2 50,95, 140 PWM3 1.5, 2.0, 2.6

S3 110,150,190 PWM2 0.7,1.3,2.0

S4 160,210,260 PWM1 0, 0 , 1.3 

5

Four responses are taken in the simulation. Step response, response without any controller, PID controller’s
is connected before scope to integrate all the

that, steady error is almost 50 % in the system (when there is no
T and L to tune Kp, Ki and

7. A tangent is drawn at inflation point to calculate T and L, where T is a time from delay time
. Delay time is from when system starts responding. Rise

time is from when system starts taking a curve.  Here T=0.62sec and L=0.06 sec from the graph. It should be noted

(16)

Range  (Volt)

1.5, 2.0, 2.6

1.5, 2.0, 2.6

0.7,1.3,2.0

0, 0 , 1.3 
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Table 5 P, PI and PID

4. Implementing Fuzzy logic Controller

Fig. 9a and 9b show the Input and Output Membership function for the fuzzy logic controller
are four membership functions in input and three membership functions in output. Input functions are related to
RPM and Output Membership functions are in the form
output voltage range is 0 to 2.6 voltages [4][7].
denoted as PWM1, PWM2 and PWM3. PWM means pulse width modulation. Set point in the system
and PWM works with 5 volts, so 2.5 to 2.6 volts are acceptable.
a      

Fig. 9 (a) Input Membership Function; (
Fig. 10a and 10b show the result of surface view and rule view of the system

from the surface viewer that, how voltage gets dropped with the increment of RPM with the use of Fuzzy logic
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6. Conclusion based on Results
• Steady state error, overshot and rise time of the system in PID controller is comparatively lesser for

fuzzy logic controller.
• AGV achieves constant speed in just 0.8 seconds with only 1% overshoot.
• Only 1% overshoot is captured Fuzzy  logic controller
• Steady state error is less compared to PID Controller
• Rising Time is also lesser in Fuzzy logic controller.
• Fuzzy logic controller gives more stability and accuracy to the system.
• Small oscillations in the response could be reduced using ANFIS controller in future.
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