17
LEARNING OBJECTIVES
Having gained knowledge of all components of a
mechatronic system, now is the time to integrate
these in such a manner that an intelligent product can
be developed. The previous knowledge was about the
anatomy and functioning of individual items. Many
approaches are used to design and develop a product. The step-by-step procedure to design a product
is discussed in this chapter. After reading the chapter,
students will be able to understand the following:
The concept of product design
Possible design solutions for analog interface
ampliﬁers (AIA) for transducers and actuators

The concept of mechatronic approach through
case studies of pick and place robots, engine
management systems, automatic car park barriers,
auto-focus cameras, optical mark readers, barcode
readers, autonomous mobile robots, wireless
surveilace balloons, antilock brake systems (ABSs),
various types of timed switches, bathroom scales,
and sorting and packing systems in production
line
Design of development of mechatronic projects on
mechanical excavator, that is, a three-axis robotic
system

INTRODUCTION
Product design is a critical process; when all the parameters involved are properly integrated, it is possible to
deliver the product. Any design requires knowledge on the following factors:
  
    
2. E: experience in integrating hardware and software
3. S: selection of components
4. I: instrumentation
      
6. N: negotiating component minimization technique
Integrating hardware and software components for design and development of a mechatronic product is
a challenging job. Changes in technology, approach, and software play a vital role in this area. As a result
of this, new products are expected to be more intelligent, handy, cost effective, and comfortable to handle.
However, this is achieved through consistent research and development in all the concerned areas of design
and development. The following section discusses the various aspects of design and development of an
intelligent system, followed by case studies and design and development of a mechanical excavator

17.1 PRODUCT DESIGN
The design process of a product consists of a number of stages, which are as follows:
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Requirements Basically, a design process starts with an analysis of the requirements of customers, users,
     !      
Analysis of problems          ! "#     ! $
    
 %      $ & !    
the design process.
 '$  
To solve a particular problem as per the requirement, possible solutions are
 &     %    ! &       
the solution along with compulsory and desirable features to judge the quality of the product design. This
!     !      !     
size, types and range of motion, accuracy, power requirements, operating environment, relevant standards,
codes of practice, user comfort, reliability, maintainability, and scrap value.
Functional solutions (conceptual design) This functional solution is known as the conceptual design
stage. A detailed outline for solutions is required to be prepared in order to indicate the means for obtaining
all required function(s), such as approximate size, shapes, materials, and costs. It also provides the means to
     
The conceptual design process is discussed in detail in the following section.
Selection of suitable solutions '                ! $ 
various possible solutions for the function(s).
Production of detailed design At this stage, the details of a selected design are worked out. In this stage,
prototypes or mock-ups of the product system are developed, which helps to determine the optimum details
of a design.
Production of working drawings Now, the selected design is translated into the working circuit diagrams
for making the components. It must be kept in mind that each stage of the design process does not always
  * %    !!        
Therefore, while generating possible solutions for the product system, one needs to go back and reconsider
the analysis of the problem for getting the optimal solution.

17.2 TRADITIONAL AND MECHATRONIC DESIGN
Chapter 1 discusses about differences in traditional and mechatronic approaches. While discussing about
  $     &     !  !   
intelligent, cost effective, fast, and reliable as compared to the traditional approach.

17.3 PRODUCT COMPONENT SELECTION
A mechanistic system consists of various components such as sensors and transducers, signal-conditioning
analog and digital devices, microprocessors/microcontrollers/PLCs, and actuators. These components are
selected depending upon the requirement, level of intelligence, and other parameters such as availability,
feasibility, reliability, and cost. The selection criteria have already been discussed in respective chapters.
However, students willing to develop a product may have a quick look at these chapters to decide about a
particular component type. The selection of various components used in the design of a mechatronic system
in terms of hardware and software is discussed in the following subsections.

Selection of Sensors and Transducers
Table 17.1 shows the list of sensors and transducers to be selected to help in measurement of various physical
parameters along with their properties and other features. Appendix A lists the various types of transducers
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that are available in the market. The actual industrial transducers look different from the principle that
we discussed in Chapter 2. The pictures of these industrial transducers are available as part of the online
resources of this book. However, it should be kept in mind that different brands of transducers may have
different look or ICs.
Table 17.1 Selection of sensors and transducers and their properties
Sensor

Material

Output signal Measurement
range

Maximum
sensitivity

Accuracy
resolution

Resistive
sensors

Metal,
semiconductor,
conductive
plastic

Analog voltage 1 cm to 2 m
300°C (angular
displacement)

0.2 V/° or 2 V/
cm

Max. 40 μm +589
or 0.1°
+250°C

Inductive
sensors

Ferromagnetic
metal

Analog voltage ±100 μm to
±50 cm

0.1 V/cm to
40 mV/μm

0.1 μm

+>589
+100°C

Capacitive
sensors

Capacitor

Analog voltage 0.1–10 cm

< 0.1 nm

Up to 800°C

Strain gauges

Metal,
semiconductor

Analog voltage

Code sensors

Optical encoders Binary signal

4096 pulses/rev

1 LSB

+589
+100°C

Incremental
sensors

Glass metals

Binary signal

10 mm to 3 m

0.1 μm
0.00005°

0°C to +50°C

Hall sensors

Hall
semiconductor

Binary signal

360°

K = 2 (metal)
K = 100
(semiconductor)

Analog voltage

100 mV (mm/s)

DC generators
(tachogenerators)

Analog voltage ±6000 rev/min

5 V per
1000 rev/min

AC generators

Analog voltage

Incremental
velocity sensors

Voltage pulses

Piezoelectric
acceleration
sensors

Piezoelectric
lever mass

Analog voltage ±500 g

Acceleration
sensors with
seismic mass

Large-frequency Analog voltage 5 Hz to 50 kHz
seismic mass

Vibration
sensors with
seismic mass

Small-frequency Analog voltage ±2.0 kg
seismic mass

+GJ589
+1000°C

4000 pulses per 10+ rev
revolution

Translational
velocity sensors

0.1 mV (m/s2)

Temperature
range

+G5589
150°C

0.01 g

0.01 g

(Contd.)

D ESI G N A N D D E V ELO PM EN T O F M EC H AT RO N I C SYST EM S

637

Table 17.1 (Contd.)
Sensor

Material

Output signal Measurement
range

Maximum
sensitivity

Accuracy
resolution

Temperature
range

Angular
Small-frequency Analog voltage
vibration sensors seismic mass
Piezoelectric
force sensors

Piezoelectric
material

Torque
measurement
using strain
gauges

Strain gauges on Analog voltage Range from
surface
0.05 N m to
50 kN m

+10°C to +60°C

Force spring
Y  
sensors

Spring

Analog
displacement

+>589Z[589

Pressure
diaphragm
sensors

Flexible
diaphragm

Analog
displacement

Resistance
thermometers

Metal resistor
Pt/Ni
or
Semiconductor
resistor
NTC/PTC

<5 mV/°C
Analog voltage +G589
+1000°C
+>589
Z\589]+G5589
to +850°C

Thermocouples Fe–Co
or
Pt–Rh

Analog voltage 1 N to 1 MN

125 V/kN

80°C…+150°C

0.1–10,000 bar

Analog voltage +\589
+760°C
or
0°C to
+1750°C

+G89
+100°C

53 μV/°C
or
853 μ V/°C

0.3–0.25%
of measured
temperature

0.25–0.75%
of measured
temperature

Selection of Analog Signal-conditioning Devices
Appendix B and C show a large number of analog components used for the signal-conditioning purposes.

Selection of Digital Devices
Appendix D shows a large number of digital component devices used for signal conditioning, development
of logic, solution of Boolean algebra, decision making, components for device selection, etc.

Digital Logic Circuits Devices (ICs)
These are listed in Appendix D. These digital (IC) devices are used for counting, displaying, decoding as
well as making digital logical decision for two, three, and four inputs. They are frequently used in design and
development of a mechatronic product system. In this chapter, only two important types of ICs are presented:
the 4000 series CMOS Logic ICs and 7400 series. The selection of ICs in the 4000 series for gates, counters,
decoders, and display drivers is important, which provides useful information to students to design and
develop a product/ project. Each IC diagram shows the pin arrangement and the function and characteristics
of the pins.
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Selection of Microprocessors/Microcontrollers
Large number of digital microprocessor devices used for calculation, computation, comparison, and decision
making are available; however, the selection of a particular processor demands the following features for
consideration:
'   !      Y   !             
factors; matching to an application for increased development time and expense; production cost; and
performance.
Technical factors include speed, input/output (I/O) capabilities, power consumption, instruction sets, and
register sets. Economic factors include unit price of the device, ease of programming, ease of debugging,
*   !    *       $ !       '   
often depends on a circumstantial consideration like the microprocessor family. A high-volume production
requires selection of the least expensive microprocessor even with additional development costs. However,
 &_$     !              *      
considerations.
Types Microprocessors are characterized by the number of processing bits in a single instruction,
determined by the word length or width of the data path. On the other hand, a microcomputer is a single
chip processor with memory and I/O ports on the same chip. However, a general-purpose μp (GPM) requires
external memory and I/O circuits.
%!       !!  &   !         !&   ! $ &
It should be clear that as internal architecture is important, external bus width is also important from hardware
point of view. The width of the ALU in the microprocessor is also very important.
  &     ! &!     &  &!
microprocessors with wider data paths and better instruction sets and second, towards highly integrated
systems, combining the microprocessor with memory and I/O on the same chip to form a single-chip
microcomputer (microcontroller). The second approach is widely used in control applications of mechatronic
product systems.

Selection of Product System Software
The selection of product system software depends on the selection of hardware components depending
on the project requirements. Further, it depends on various factors, as discussed in Chapter 2, such as the
$!    !     $ `Y*         
and other features. Some systems work without any software and are constituted of fully mechanical
components, only analog devices, or analog and/or digital devices based on switching, change in voltage
level, or change in current level. However, if microprocessors, microcontrollers, and PLCs are used for
making the product more intelligent, the product system software is required to be developed, as suggested in
Chapters 7 through 9. Development of an assembly language program is tiresome. In this situation, students
are advised to practice high-level language programming such as C, C++, MATLAB, and LabView for the
implementation.

Selection of Actuators
Table 17.2 shows the list of actuators used for switching, correcting, and controlling various parameters
under study.
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Table 17.2 Selection of actuators and their features
Sensor

Features
Electrical

Diode, thyristor, bipolar transistor, TRIAC, DIAC, power
MOSFET, solid-state relay, etc.

Electronic type
Very high frequency response
Low power consumption
Electromechanical

DC motor

{  

Separately
excited and shunt
Series
Compound
Conventional PM
motor
Moving coil

Permanent magnet

PM Motor
(Torque Motor)

Speed can be controlled either by the voltage across
&  $   
for constant speed-drive application
High starting torque, high acceleration torque, high
speed with light load
Low starting torque, good speed regulation,
instability at heavy loads
| !      & !  
| !    &   
conventional DC motors
Designed to run for a long period in a stalled or a
low-rpm condition

Electronic commutation (brushless motor)

Fast response
| !   ! * J}
Long life, high reliability, no maintenance needed,
low radio-frequency interference and noise
production

AC motor

The most commonly used motor in industry; simple,
rugged, and expensive
Rotor rotates at a synchronous speed, wide speed
  & !     ! 
additional system to start
Able to operate in DC or AC, very high horsepower
per pound ratio, relatively short operating life

AC induction motor
AC synchronous motors

Universal motors
Stepper motor

Hybrid

Variable reluctance

Change of electrical pulses into mechanical
movement to provide accurate positioning without
feedback
Low maintenance
Electromagnetic

Solenoid-type device
Electromagnet, relay

Large fond, short duration
On/off control
Hydraulic and pneumatic

Cylinder hydraulic motor

Gear type
Vane type
Piston type

Suitable for linear movement
Wide speed range
High horsepower output
(Contd.)
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Table 17.2

Sensor

(Contd.)
Features

Air motor

Rotary type
Reciprocating

Valve

Directional control valve,
pressure control valve,
process control valve

High degree of reliability
Low maintenance

Smart material actuator
Piezoelectric and
electrostrictive

High frequency with small motion
High voltage with low current excitation
High resolution

Magnetostrictive

High frequency with small motion
Low voltage with high current excitation

Shape memory alloy

Low voltage with high current excitation, low
frequency with large motion

     

Very high voltage excitation, good resistance to
mechanical shock and vibration, low frequency with
a large force
Micro- and nano-actuator

Micromotor

Suitable for micromechanical systems

Microvalve

Able to use available silicon processing technology,
such as electrostatic motor

Micropump

Able to use any smart material

Identification of Electronic Components
Various types of components and devices such as resistors, capacitors, transformers, diodes, transistors, and
integrated circuits (ICs), are required for design, development, and implementation of a mechatronic project.
Some of the frequently used components and devices are discussed in Appendices B, C, and D for students
working on project development.
                              
electronic components such as resistors, capacitors, and ICs. In order to design a mechatronic project, it is
                       
practice because there are so many non-intuitive ways to label called ‘colour code’. The methods used to
identify components and devices are provided as part of online resources under additional appendices.

17.4 POSSIBLE DESIGN SOLUTIONS
!                        
the transducer–ADC analog interface and the DAC–actuator analog interface. This is very important to
understand that the real world is working with analog signals and controllers are digital in nature. Therefore,
                            "#!#$
are required. Similarly, the controller output being digital in nature, AIAs have to be designed to meet the
requirement of DAC–actuator interface. The detailed design procedure is explained in the following sections.
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17.4.1 Transducer–ADC Interface Design
It has already been discussed that a transducer collects data from the outside world for the parameter under
measurement and control. In order to process these data by a microprocessor/microcontroller/PLC/computer,
    ! &          9 &   $          
be fed to the computer system. Figure 17.1 shows a transducer measurement system; section of each of its
component is very important for the design of transducer to ADC circuit.

Fig. 17.1 Typical measurement system with transducer and ADC

In order to interface a transducer with an ADC, the following considerations are important:

Selection of Transducers
One must be clear about the type of the transducer to be selected. Its output must be an electrical signal.
'   $  ! 9!  
determine the value of Ohms (W)/°C change, mV/°C change, or mV/°C change for the selected transducer.
Each transducer has a certain offset voltage or current that should be referred to ground, either the source of
power or other voltage.

Selection of ADCs
ADC selection is made based on parameters such as resolution rate of analog-to-digital conversion, power
requirement, physical size (can be put on a PCB), and compatibility with the microprocessor/microcontroller/
PLC and interface structure. Selection of a suitable ADC requires the following points to be considered:
Resolution There must be enough ADC bits to offer high accuracy in digital data converted from analog
transducer data. Therefore, an ADC should have high resolution, which is given by the following formula:
ADC resolution = 2n, where n  !9
 \_



  

 _ 9 !!G8 = 256 binary code conversion. The voltage value of 1 bit is called
  "#&   $ !& !



  

Full scale voltage
2n
10
. An
256
!_scale

For example, if the full-scale voltage of ADC is 10 V, for an 8 bit ADC converter, the LSB =
 $* $ 
voltage (FSV)/(2n +#
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Conversion speed The consideration for requirement of conversion speed depends on the type of
application, say a thermal measurement generally has a slow change in temperature, so speed is not very
important. However, in a system having a faster change in temperature such as jets, missiles, and so on,
 $            ! 9Y $      !
 !!&    $   &  &    ! $   ' 
requirement of the converter is also used to decide the structure of the ADC.
Power supply Sometimes, a device offers multiple voltages for power supply as compared to others with
only single supply. The facility available for multiple power supply units as compared to a single supply unit
also has an impact on the selection of the ADC for size and PCB match with footprint.
Interface structure ADCs must be compatible with microprocessors/microcontrollers/PLCs, which are
used to eliminate the possibility of addition of glue logic.

17.4.2 Development of Transducer–ADC Interface
Different transducers have different requirements, which is valid for ADC also. Many possible transducer and
ADC combinations are available corresponding to the different requirements of each component separately.
%               & 9% 
the output voltage span of the transducer should match with the input voltage span of the ADC. Therefore,
!     $      !   ! 9$ 
level till it matches with the ADC input voltage span, as shown in Fig. 17.2.
System physical
parameter
System

VTmax

Transducer
output

VAmax
Amplifier
coupler

VTmin

ADC
VAmin

Fig. 17.2 Transducer ampliﬁer and ADC interface block diagram

%    VTmax is the transducer maximum
Amplifier coupling using multiple stage
output voltage span/Op Amp maximum input voltage
span and VTmin is the transducer minimum output V
VAmax
T1max
Amplifier
Amplifier
voltage span/Op Amp minimum input voltage span
stage I
stage II
If more than one stage of an Op Amp is used for VT1min
VAmin
interfacing, it should be matched as shown in Fig. 17.3.
The voltage level output should be the input to the next
Fig. 17.3 Coupling through multiple-stage
$!  
ampliﬁer
%     VT1max is the transducer maximum
output voltage span fed to Op Amp Stage 1, VT2max" &   # *  $ 
span of the Op Amp 1 fed to the Op Amp at Stage 2, VT1min is the transducer minimum output voltage span
fed to the Op Amp at Stage 1, and VT2min is the maximum output voltage span of Op Amp 1 fed to the Op
Amp at Stage 2.
' ! !      !  9 
voltage requirement. However, dynamic range and accuracy still play a role in the conversion of data.
Therefore, as a result of such mismatch, some data are lost due to full utilization of the dynamic range of
ADC with an unequal voltage span. Possible situation of a combination of transducer ADC voltages is shown
in Fig. 17.4 required for determining the matching voltage.
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Situation

Transducer output
voltage, span
3.5 V

Case I

Transducer

0V
2.5 V

Case II

Transducer

Case III

Transducer

ADC input span

Comparison

Outcome

Outcome (matching)

ADC

Equal span of
3.5 V

1V

Transducer output
voltage requires level
shifting by 1 V

ADC

Unequal span of
2.5–3.5 V

No offset
voltage

Transducer output
requires application
to match ADC input
voltage

ADC

Unequal span

1 V offset

Level shifting and
     

4.5 V
1V
3.5 V

0V

0V

2V

3.5 V

0V

1V
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Fig. 17.4 Various possible situations of transducer–ADC matching

Therefore, if the span of a transducer does not match that of the ADC, transducer data are lost. In order to
achieve high accuracy of data conversion, increased bit size of the converter with increase in dynamic range
!9      !    &9$ ! !  
simultaneously.

System Specification
%  !     9     _       
    ! !   9       !!&  
1. Absolute maximum rating (AMR) is the limit of a device parameter beyond which the device may be
destroyed.
 G   ]*     "Vmax or Vmin)
  '     "V)
 >      "'#  ! !&         &   
safety, and quality.

17.4.3 Transducer Interface Conﬁguration with Ampliﬁers
 %9    &     $  !`
sheet showing transducer excitation, biasing, and interfacing of circuits. Some important transducers and
  !
    !&   

Resistive Transducers
Strain gauge, thermistors, RTs, and potentiometers fall under
the category of resistive transducers. They sense the change in
resistance (DR# !! 
   DR.
Three important devices/circuits are used to measure this change
(DR): voltage dividers, current existed devices, and Wheatstone
bridge circuits.
1. Figure 17.5 shows resistive transducers RT with change
in resistor to be measured. The circuit is supplied with a
reference voltage VR. The voltage divider, for a change in
transducer resistance RT by DR, produces an output given as
follows:

R
+
Vref +
V
Power - R
supply

RT
Vo
DR
-

Fig. 17.5 Voltage divider
with resistive transducer
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Vo = VR

RT + DR
RT + R + DR

(17.1)

where R is the biasing source resistance.
When R >> RT + DR, it reduces to the following form:

Vo =

VR
(RT + DR)
R

(17.2)

VR
(RT + DR) =
R
I(RT + DR), as shown in Fig. 17.6(a). However, a bias current is accurately applied through an Op Amp,
as shown in Fig. 17.6(b) after precision current to the interface circuit.

2. Thus, a resistive transducer can be biased with a current source because Vo =

R

R
+
DR

Vi

RT

1=

R1

Vo

I
Current
source

+
-

VCC

VCC - Vi
R

R + DR

-

Ground
(a)

(b)

Fig. 17.6 Resistive transducer (a) With current source (b) With precision current source

3. A Wheatstone bridge is a device used to measure small changes in transducer DR, where R1 and R2 are
stable. The change in DR is read from RX, which gives, RTX = RT. The Op Amp is used to amplify the
change DR and the corresponding output voltage, as shown in Fig. 17.7.
RX

R1

RTX
Source +
V
voltage - i

Transducer
R
RT

R2

Vo

Transducer
outlet voltage

Ground

Fig. 17.7 Bridge circuit for transducer interface

Error Budget Consideration
It is a method for calculating errors caused by various sources of errors. Error budget is applied to the
transducer and ADC. Their combined error budget is subtracted from the system error to determine the
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budget, as errors should be converted to equivalent units, such as volts, bits, and amperes.

17.4.4 Design of Transducer–Op Amp Analog Interface Circuit(s)
              ! "     
#
components such as R, L, and C. In order to determine the value of these components, they are subjected
to the selection of the Op Amp type, biasing current, input offset voltage, and other related parameters. A
mechatronic product design normally requires a transducer and an ADC for interfacing with a microprocessor/
microcontroller/PLC and a computer as a controller. The change in transducer and ADC selection markedly
affect the performance and design of a product. A step-by-step procedure for design is listed as follows:
$ %                     
parameters that affect the design of the project.
2. Determine the character of reference voltage with initial tolerance with drift.
3. Determine the important parameters of the transducer from manufacture data sheet such as DC offset
voltage, output voltage drift, output voltage swing, output impedance, and power requirement.
4. Now, with the help of the values obtained in Step 3, determine parameters for the Op Amp required,
such as input voltage (Vin1 + Vin2), input impedance, effective voltage, and voltage drift, as error. The
Op Amp input voltage spam is kept more than the transducer’s output voltage.
& '    "%*       #       ! "   # 
swing (Vo1 to Vo2). Other important parameters of the ADC are input resistance, input capacitance,
resolution, accuracy, full-scale-range circuit charging time, and LSB value.
6. Transducer/ADC error budgets are used to determine value and range of Op Amp parameters. Hence,
create an error budget for the Op Amp circuit and justify the selection of Op Amp for the coupling
transducer and ADC.
0 '    
""     5"%*   
8. Draw the AIA circuit design, and determine the component value and test it.

17.4.5 AIA Design
An Op Amp is a linear device; therefore, its I/O relationship is given by the straight line equation with
possible forms and transfer functions, that is,
Y = mX ± c; X 9    #

 9 Vi

where Y is the output voltage (Vo), m the slope or gain (G<
    c the offset voltage (V).
>       # #          
circuit parameters such as Rf, Ri, R1, and R2 for transducer–ADC as well as DAC–actuator interface. The
     #  ! "     
?
Step 1 Put the minimum voltage (X<  #           # @
              #  GY) as the ADC input voltage in
the aforementioned standard equation.
Step 2 J >  $

 K #

  # 

   GX) and output (Y) as well.

Step 3 Equation formed in Steps 1 and 2 are solved for getting the values of m and c.
Step 4 Put the values of m and c in the standard equation, which results in one of the four forms of equation
Y = ± mX ± c.
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Step 5 Corresponding to the transfer function obtained in Step 4, draw the Op Amp circuit to establish the
relation between the obtained equation and the circuit. The possible four forms of circuits for corresponding
established equations are discussed in the following section.
Step 6 '             Gm, c) with the circuit equation to determine the values
of various resistances, such as Rf, Ri, R1, and R2.
Step 7 After determining the values of Rf, Ri, R1, and R2, etc., check for the limit of tolerance for resistance
 "M   #      0&& 0& Q    RUVY@     
tolerance is up to 5%, then change is acceptable.

Transfer Functions and AIAs
While designing the AIA circuit, various circuits are possible for inverting, non-inverting, differential, and
               Y = mX + c. The following are the illustrations of some
frequently used AIA circuits for a transfer function, for design and development of interface circuits.
Case 1: Transfer function equation Y  mX + c To design an inverting Op Amp with a non-inverting
reference circuit, this equation has a negative slope (m) but a positive intercept. In this case, Ri and Rf are
involved in both halves of the equation. The minimum number
                 
represented as follows:
Vo = -Vi

Rf
( R + Ri )
+ Vref f
Ri
Ri

The AIA circuit is given in Fig. 17.8.
Case 2: Equation given by Y  mX + c An inverting Op
Amp with a non-inverting negative reference circuit will give
the following circuit equation:
Vo = -Vi

Rf
R
+ Vref f
Ri
R2

The transfer function has a negative slope and a positive
intercept. Ri and R2 can be adjusted to determine the value of
the slope and intercept. The AIA circuit is shown in Fig. 17.9.
Case 3: Equation given by Y  mX  c This can be
represented for an inverting Op Amp with a non-inverting
negative reference, as shown in Fig. 17.10.
Vo = -Vi

Ri

+
-

Case 4: When Y  mX  c The transfer function can be
given for an inverting Op Amp with an inverting positive
reference as follows:
Rf
R
- Vref f
Ri
R2

Rf
+

R2

Vi

-

+VCC

Vo

Vref
Ground

Fig. 17.9

Rf
( R + Ri )
- Vref f
Ri
Ri

The transfer function slope is negative and the intercept
is also negative. The values of slope (m) and intercept are
determined by modifying Vref and values of Rf and R1.

Vo = -Vi

Fig. 17.8 Inverting Op Amp with noninverting positive reference

Inverting Op Amp with inverting
negative reference
Ri

+
-

Rf

Vi

-

+

+VCC

Vo

Vref
Ground

Fig. 17.10 Inverting Op Amp with noninverting negative reference
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In this case, both the slope and the intercept are negative. The
values of the slope and intercept can be obtained by adjusting the
resistance values Ri and R2. The circuit is shown in Fig. 17.11.
Case 5: Transfer function given by Y = mX  c The equation
will be written for a non-inverting Op Amp with an inverting
positive reference, as follows:
Vo = Vi

( Rf + R1 )
R1

- Vref

Rf
R1

Ri

Rf

Vi

+
Vo

Fig. 17.11 Inverting Op Amp with
inverting positive reference

The slope of the transfer function is positive and the intercept
  #  #    #       
register to obtain the slope and intercept. The circuit and slope
are shown in Fig. 17.12.

Ri

Rf

+
Vref

+

Case 6: Transfer function equation given by Y = mX  c It
can be written for a non-inverting Op Amp with a non-inverting
negative reference circuit as follows:
Ê R2 ˆ Ê Rf + Ri ˆ
Ê R1 ˆ Ê Rf + Ri ˆ
Vo = Vi Á
- Vref Á
˜
Á
˜
Ë R1 + R2 ¯ Ë Ri ¯
Ë R1 + R2 ˜¯ ÁË Ri ˜¯
Ri and R2 are selected independently from Ri and Rf for
getting the values of m and c. The circuit is shown in Fig. 17.13.
Case 7: Transfer function given by Y = mX + c A noninverting Op Amp with an inverting negative reference can give
the circuit shown in Fig. 17.14, represented by the following
equation:
R + Ri
R
Vo = Vi f
+ Vref f
Ri
Ri
Case 8: Transfer function given by Y = mX + c The circuit,
shown in Fig. 17.15, for a non-inverting Op Amp with an
inverting positive reference can be represented as follows:
Ê R2 ˆ Ê Rf + Ri ˆ
Ê R1 ˆ Ê Rf + Ri ˆ
Vo = Vi Á
+ Vref Á
˜
Á
˜
Ë R1 + R2 ¯ Ë Ri ¯
Ë R1 + R2 ˜¯ ÁË Ri ˜¯

Ri

+VCC

+

R2

+
-

+VCC

Vo

Vi
Ground

Fig. 17.12 Non-inverting Op Amp with
inverting positive reference
Ri

Rf

+

R1

+VCC

R2
Vi

Vo

-

Vref

Fig. 17.13 Non-inverting Op Amp with
non-inverting negative reference

Rf

+

VRef

+VCC

Vo

Vi

647

Ground

Fig. 17.14 Non-inverting Op Amp
with inverting negative reference

Fig. 17.15 Non-inverting Op Amp
with inverting positive reference
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Case 9: Transfer function given by Y = mX  c The circuit
   ^ $0$_          # 
the following equation:

Rf

+
Vi1

+

R1

-

R
Ê R + Ri ˆ Ê R2 ˆ
Vo = Vi2 Á f
- Vi1 f
˜
Á
˜
Ë Ri ¯ Ë R1 + R2 ¯
Ri
= (Vi2 - Vi1 )

Ri

+

+VCC

Vo

R2

Vi2
-

Rf
Ri

Ground

Fig. 17.16 Diﬀerential ampliﬁer
Example 17.1 Design the AIA for the following data:
Given

Transducer output voltage/
Op Amp input voltage (Vin)

ADC input voltage/
Op Amp output voltage (Vo)

Vmin

At temperature 30°C, 585 V

0.0 V

Vmax

"   zRU{* |_U }

4.0 V
Given Vref = 2.5 V

Solution
Y = mX – C
This problem is a voltage input with voltage output-type problem. This can be represented by a linear equation in the
following form:
Y = mX – C, that is, Vo = mVi + V

(17.3)

where Vo
    m the slope or gain, and V the offset voltage.
Now putting the value of Vo and Vi in this equation, we get the following expression:
4 = 0.36m + C
0 = 0.585m + C or
-C ˆ
m = ÊË
0.585 ¯

\

(17.4)
0.585mC
(17.5)

Putting the value in Eq. (17.5), we get the following result:
-C ˆ
4 = 0.36 ÊË
+ CC + C = 0.38C or C = 10.5
0.585 ¯
-10.5
Now, putting the value of C in Eq. (17.5), we get m =
ª 0.18.
0.585
Therefore, the transfer function for the design of the AIA circuit is given as follows:
Ri
VoVi + 10.5
The circuit is shown in Fig. 17.17; the equation for the preceding
transfer function is given as follows:
+

R
R1 ˆ Ê Rf + Ri ˆ
V0 = -Vi ÊÁ f ˆ˜ + Vref ÊÁ
Ë Ri ¯
Ë R1 + R2 ˜¯ ÁË Ri ˜¯

-

Rf
R1 ˆ Ê Rf + Ri ˆ
and C = Vref ÊÁ
Ë R1 + R2 ˜¯ ÁË Ri ˜¯
Ri

where

m=

\

Rf = 16 Ri

R1
Vi
Vref

(17.6)

Rf and Ri are available in 1% standard values, thus selecting.
Rf = 360 kW and Ri = 20 kW is within the available range.

Rf

-

+VCC

+

+
R2

Ground

Fig. 17.17 AIA circuit design

Vo
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Now calculate the values of R1, R2 using the following equation:
R1
C Ê Ri ˆ 10.5 Ê 20 ˆ
=
=
= 0.22
R1 + R2 Vref ÁË Rf + Ri ˜¯ 2.5 Ë 20 + 360 ¯
Or

R1 = 0.22R1 + 0.22R2

Or

0.78R1 = 0.22R2

Or

R2 = 3.55R1

  !"
 #R1|| R2 should be equal to Rf || Ri in order to cancel the input offset voltage
by the input current in Op Amp R1 and R2, which are available in 1% tolerance; therefore, selecting R2 = 105 kW and
R
R1 = 30 kW, the ratio is 2 = 3.5. The value of R1|| R2 = 23.33. Now, Rf || Ri = 18.44 kW. Thus, they almost match the
R1
adequate current range.

17.4.6 AIA Circuits for Transducers
Various types of transducers–AIA circuit interface for ADCs and microcontrollers are shown in Fig. 17.18.
Students may refer to these circuits while designing such interface circuits.

Resistive Transducers
These transducers are available in various types such as potentiometric transducers, voltage dividers, and
strain gauges. Their interface circuits with an Op Amp are shown in Figs 17.18(a)–(c).
5V
Rx

P
o
t
e
n
t
i
o
Meter

Voltage
divider circuit

Vref

Instrumentation
amplifier

-

Vx

+

R2

R1

-

Vi

+

+

R

Vo

-

-

-

ADC

+

+

Vi

R

R2

Rf

Ri

V1

5V

C

V3

R4

R - dR

R + dR
+

+

A

Power
supply

Ground

(b)

(a)

Strain gauge

R - dR
B

D

R3

R2

-

R1

R + dR
Bridge
output voltage
V2

V5

R2

+

Vo

R3
+

V4

Differential
amplifier

R4

(c)

Fig. 17.18 (a) Potentiometric transducer–Op Amp interface
(b) Voltage divider–ampliﬁer interface (c) Thermal transducer–Op Amp interface
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Thermal Transducers
These transducers are available in various types such as RTDs, thermocouples, and so on. Their interface
circuits with an Op Amp are shown in Figs 17.19(a) and (b).
Vt = Bridge circuit
output voltage

Differential Op-amp Transducer
input voltage
Rf
Vi
R2

R1

R
Vt

R

RTD
R3

+

+

20 V
-

R4
Rx

Vo (output)

Vref (input)

Voltage
divider

5V
+
Power supply

Rd
(a)

Fig. 17.19 (a) RTD bridge circuit–ampliﬁer interface (b) Thermocouple–AIA interface

Optical Transducers
These transducers, available in the form of photodiodes, phototransistors, and photovoltaic cells, are
interfaced with Op Amps, as shown in Figs 17.19(a)–(d).

Fig. 17.20 (Contd.)
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Vref
+5 V

Optical encoder
(speed measurement)
Light source
(LED)

R

R

150
+

150
+

R1

Vo

R

Infrared
sensor

Vo, output
voltage

Potentiometer

Ground

Ground
(d)

Fig. 17.20 (a) Photodiode (b) Photovoltaic cell (c) Phototransistor–Op Amp interface
(d) Optical encoder and infrared sensor Op Amp interface

$ # &'    *  " #    '" " / 
R

R

Vi

R

R

C
D2

D1
+

R2
+

Vo = Amplified
rectifier voltage

Filter

Full wave active
rectifier

Fig. 17.21 Full-wave active rectiﬁer and ﬁlter interface

17.4.7 DAC–Actuator Interface Design
Like a transducer–ADC interface, a DAC–actuator interface DAC output voltage or current span is required
to match the input voltage/current span of the actuator to attain high performance. However, it should be
understood that a transducer–to-ADC span is a low-level voltage signal; hence, the signal-to-noise ratio is
required to be preserved. However, the actuator requires a high-power signal; therefore, a high-power Op
Amp is required to drive the actuator. A typical block diagram for a DAC–actuator interface is shown in
Fig. 17.22.
Output from
microprocessor/
microcontroller/
PLC (0 or 1)
Output from
DAC

Amplifier

Actuator

Ground

Fig. 17.22 DAC actuator interface block diagram

Driving a load
(Motor, glowing
bulb, etc.)
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17.4.8 AIA Circuits for Actuators
The design and development of a DAC–actuator interface circuit are done similar to those of a transducer–
ADC interface circuit. The values of parameters such as Rf, Ri, R1, and R2 are also calculated accordingly.
Some important DAC–actuator interface circuits are illustrated in the following subsections:

Glowing of LEDs
Figure 17.23 shows a circuit for a DAC interface for making an LED glow under the control of a microprocessor/
microcontroller or PLC circuit.
Power VC
supply
R2

Diode
+5 V
Digital output
(0 or 1) from
microprocessor/
microcontroller

R1
Transistor

Ground

Fig. 17.23 Glowing of LED

Operation of Relay Switches
Figure 17.24 shows a circuit for a DAC interface for operating a relay switch under the control of a
microprocessor/microcontroller or PLC circuit.
VC
Power
supply
Relay
switch

+5 V
Digital output
from computer/
microprocessor/
microcontroller
(1 or 0)

R
Transistor

Ground

Fig. 17.24

Operation of relay

Driving of SCR Switches
Figure 17.25 shows a circuit for a DAC interface for driving an SCR switch under the control of a
microprocessor/microcontroller or PLC circuit.
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Fig. 17.25 Driving of SCR switch

Driving of DC Motors
Figure 17.26 shows a circuit for a DAC interface for driving a DC motor under the control of a microprocessor/
microcontroller or PLC circuit.
VCC2

VCC1
R2
R1

Transistor

+

Output from microprocessor/
microcontroller/PLC (0 or 1)

DC

Optocoupler

DC
motor

-

Power
supply

Relay
switch

Fig. 17.26 Driving of DC motor

17.5 EXAMPLES OF CASE STUDIES
We are surrounded by intelligent products. Today, everybody likes to possess intelligent systems to reduce
human labour and interference, such as washing machines, automatic cameras, car parking barriers, engine
management systems, and lifts. All such items work on the mechatronic principles. Some case studies are
illustrated with their design, development, and working in the following sections.

17.5.1 Pick-and-place Robots
A pick-and-place robot is used for picking an object from one place and placing it at another place, in order to

            
pay load of an object to be handled determines the power requirement and material used for its moving arm.
       !    "  #$%&'&
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Role of Axes
First axis It allows movement of the base foundation in clockwise and anticlockwise directions in the
horizontal plane. It is achieved by an AC motor (M1) with a speed of about 5 rpm supplied at 230 V AC.
Second axis It allows up–down movement of an arm in the vertical plane and helps in changing the position
of the arm. It is achieved by an AC motor (M2) with a speed of about 2 rpm supplied at 230 V AC.
Third axis It allows an extension of an arm (increase in arm length) or its contraction. It is achieved
through bidirectional movement of a DC motor (M3) with a speed of about 2 rpm supplied at 6 V DC.
Fourth axis It is used to rotate the grip to hold an object properly. It is achieved by a bipolar stepper motor
(M4) that rotates 1.8°/pulse and is supplied at 5 V DC.
Fifth axis It is used to hold an object through opening and closing of a gripper. It is achieved by a DC gear
motor (M5), which opens and closes the grip through bidirectional movement at a speed of 2 rpm supplied
at 6 V DC.
Motor 4 (stepper)
grip rotation

Motor 5 (DC) Grippe
griping

Arm extension or contraction
through bending up-down
movement

M4

Axis-4

Motor 3 (AC)
M3
Axis-3
Up-down movement
in vertical plane
Axis-2

M1

Motor 2 (AC)

M2
Horizontal
clockwise/Anticlock
Axis-1
Motor 1 (AC) wise movement

Base foundation

Fig. 17.27 Pick-and-place robot

Object Detection
Such a robot can be featured with or without a transducer. A robot with a transducer detects the positions
from where the object is to be picked and where it is to be placed. This type of system can be used with an
automated guided vehicle (AGV) for transportation, loading, and unloading of parts or objects.
A pick-and-place robot without a transducer does not need to detect the object position, because the
 *     "      $ 

Movement Control
The movement of an arm, in either horizontal or vertical direction, can be controlled with stepper motors. In
+        " "     9
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+      $  
     "  
robot, in order to select its arm position by detecting the object position.
:"                "         
   "   ""         


Controllers
A controller for such a robot can be a microcontroller, PC, or microprocessor. A three-axis pick-and-place
robot with computer interface is discussed in detail under the project development section.

17.5.2 Engine Management Systems
An automobile engine management system is a complex system consisting of several transducers, actuators,
and microprocessors/microcomputers with displays and alarms, in order to indicate the situation of the engine.
The main component of this system is an electronic control unit (ECU), which is responsible for gathering
     " $    $9    
and comparing them with the corresponding desired values continuously, the fuel supply and injection timing
 $   *  $"     ;       ;   
is also featured with self-diagnostic functions in order to protect the engine.
An engine management system has the following components:
Electronic control unit or ECU It is the heart of the engine management system because it is responsible
for collecting all data from transducers for measurement and, on comparison, directs the function to be
implemented.
Fuel delivery system Fuel delivery takes place from a high-pressure fuel pump. The fuel is passed through
    $  $     *       
  *=
if there is surplus fuel due to fuel pressure, fuel comes back to the fuel tank through rail.
 $       9     $ 
$         
transducers for throttle position, exhaust gas oxygen (EGO), manifold absolute pressure (MAP), temperature,
and speed/timing.
Throttle position sensors Throttle position transducers are either of potentiometric type or of Hall-effect
type. These are used for sensing the position of throttle valve opening for control of fuel delivery, followed
by sparking time for the ECU. If there is heavy throttle, the sparking time is advanced and goes further in
case of a light throttle.
EGO sensors This transducer is thimble based, used to generate a voltage proportional to the difference
of oxygen concentration in the exhaust gas and ambient air. The objective of this transducer is to send the
voltage signal to the ECU to know the amount of oxygen in the exhaust gas present in the engine exhaust
system. The ECU, in turn, maintains a proper air-to-fuel ratio by directing the fuel delivery system. If this
      $ "    $ 
"       $   
MAP transducers A MAP transducer is either a micro-machined piezo-resistive or a variable capacitor
transducer. It is used to know the degree of vacuum in the engine intake manifold. It is determined by the
speed and throttle opening. The ECU controls the optimum fuel delivery and spark timing based on this
information.
Temperature transducers Temperature transducers are either thermistors or thermodiodes that can be
interfaced to display the engine temperature in front of the driver on the display panel. The ECU, after
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knowing the temperature, either activates or deactivates cooling fans in water-cooled engines. This helps in
improving the fuel mixtures for an easier start in cold weather and maximum fuel economy at the operating
temperature.
Speed/timing transducers This type of transducer uses either variable reluctance or the Hall-effect
technique for sensing the engine speed and crankshaft rotation, so the ECU can determine the fuel and ignition
timing. It also ensures safe engine speed over its operational limits, and accordingly timing is determined by
>?@  *     $B $  $ $" "   $ 
gear tooth is attached to the crankshaft to determine the reference position, and thus the speed of the engine.
EGR diagnostic switches An exhaust gas recirculation (EGR) diagnostic switch is attached to the fuel
injection system port to know the EGR under the control of the ECU.
EGR valve position transducers An EGR valve position transducer is like a switch that helps to adjust the
air–fuel mixture under the control of the ECU, by determining the opening of EGR. Recirculation of exhaust
gases containing oxygen through the EGR valve into the intake manifold decreases the amount of oxygen and
maintains low hydrocarbon emission in the exhaust.
Coolant temperature transducers This type of transducer uses a thermostat and is positioned on a cylinder
or the intake manifold to determine the temperature of the engine by generating a voltage that is fed to the
ECU. The ECU controls the early fuel evaporation system, fuel enrichment on fuel injection to engine, spark
time adjustment, and transmission torque converter clutch lockup.
Intake air temperature transducers This transducer is like a thermistor mounted on an airbox/intake
runner to determine the temperature of air and intake of air. The sensor can be located on the airbox or on an
intake runner.
)    )0        " +"    +"  
      $   >?@"   $    +" 
accordingly the fuel is injected to maintain the correct air–fuel ratio.
Crankshaft position transducers This transducer is used to determine the engine spin and cranckshaft
      >?@      
Vehicle speed transducers    $     
under control of an ECU, to improve fuel economy and drivability in case of the highest speed limit.
Knock transducers This transducer uses a microphone to listen to and understand the knocking sound due
to engine damage or some faults under the control of an ECU.
Brake on or off transducers This transducer is used to disengage the torque converter clutch under the
control of an ECU microprocessor and lowers the idle speed.

17.5.3 Automatic Car Park Barriers
An automatic car park barrier is developed in order to park a vehicle (car) in a parking place, while allowing
the car to enter from one gate/barrier and leave from another barrier. These two barriers are named as in-barrier
and out-barrier, respectively, for entering and leaving the parking spot. A block diagram of the automatic car
parking barrier is shown in Fig. 17.28.
The in-barrier, when a car arrives near it, can be operated in various ways, such as using a push button,
by inserting a coin, or by an operator, or it may be a fully unmanned operation. These situations are decided
based on the payment for parking. If operators collect the money for parking, they may operate the switch/
push button to open the in-barrier by lifting it up. If it is coin operated, then putting a coin in the box starts
the system to allow the car to enter the parking place.
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In-Barrier
In car sensing
transducer

ON

Actuation of motor/
solenoid to lift barrier

Time delay

Reverse
actuation of motor/
solenoid

OFF

Time delay

Reverse
actuation of motor/
solenoid

OFF

Out-Barrier
Out car
sensing
transducer

ON

Actuation of motor/
solenoid to lift barrier

Fig. 17.28 Block diagram for operating of car barrier
Power supply

Motor driving
circuit

IR Sensors

Keypad

PLC
or
microcontroller

Motor to lift/Bring
down barrier
Up

Down

LCD display

Fig. 17.29 Microcontroller-based up–down barrier movement

Fig. 17.30 Up–down
movement of barrier

Similarly, while leaving the parking place, only a sensing transducer is required, which starts the
functioning of the system to open the barrier by lifting it up with a time delay. A reverse motoring system
allows the barrier to bring it down again to its position after the car leaves the parking ground.

Controllers
A schematic microcontroller-based controller is interfaced, as shown in Fig. 17.29. Solenoids 1 (S1) and 2
(S2) are operated for lifting the barrier up and down, respectively, with a timer delay for the in-barrier. Limit
"% '  $  K     N Q  
lifting the out-barrier up/down when a car leaves the parking ground, as shown in Fig. 17.30. Limit switches
N Q  $  " $ "  

17.5.4 Auto-focus Cameras
Simple and manual focal control cameras work with an open-loop system. However, digital cameras are
closed-loop systems for auto-focus control mechanism. A basis system used with less expensive cameras is
an open-loop system. When the shutter button is pressed, an IR transducer sends optical signal to the object
  $   +    *  X!            
transducer. The time taken by the IR pulse to go and come back is detected and fed to the microcontroller
circuit. The time is compared to the set time entered in the look-up table of the memory. The resulting output
of the microcontroller moves the lens of the camera to get other data. If the focused data are all accurate, then
           +"   $  "  #$ %&N%
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The light exposure to an object is determined by a camera microcontroller corresponding to the IR
detection of light intensity received from the object. The opening and closing of an aperture and the shutter
speed are controlled by the stepper motor drive system in response to the transducer signal output given by
the microcontroller.

17.5.5 Optical Mark Readers
This device works in conjunction with a scanner, which is used for the purpose of detecting the presence
or absence of a mark at a predetermined position. It is also known as optical mark recognition. This device
is used for evaluating the optical mark reader (OMR) sheet for preparing results, survey assessment, data
collection, and various types of feedback evaluation. It works on the following principles:
 % YZ!  " :['    $ 9 \   
    $ YZ!   +     
  $    +  $  
]
^
position of the sheet. The marks’ positions are detected and compared for preparing the number count
of feedback.
2. In another method, a pre-printed transoptic paper is used to measure the quantity of light passing
through it. A marked/shaded position allows a reduced amount of light to pass through the paper.
 YZ!     $  $        
is shown in Fig. 17.32.
Number of years

Working days
1

Start

2

3

4

5+

1

Ration card
Yes

Get image of the object

2

3

4

5+

Working/Non-working
Yes

Card No

No
dd/mm/yy

No

Orange Yellow
Calculate the sharpness
of the object image

Voter ID card
Yes

Is the
image of the object
sharp enough

N

Move lens by
motor to get
sharp image

Y
Keep the lens focal
position in memory

Store the focused
image in memory

No

Language
Marathi
Hindi
Kannada
Other
Electricity
Own meter
Borrowed
No elec

House Type
Kaccha
Semi-pukka
Pakka
House
Water
Own
Public

Comforts
Stop

Fig. 17.31 Flowchart of
auto-focus camera

Cable
Fan
Fridge

Fig. 17.32
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Own
Public
Other
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Vehicle
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Bike
Other
Garbage
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Other
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Tele
Mixar
TV

Last name;
Adress;

Simple OMR sheet for personal information
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K  YZ!"   "   $  $   
to produce the result. OMR and optical character recognition (OCR) both seem to be similar, but OCR uses
complicated pattern recognition. OCR has very less chance to leave unrecorded mark. It recognizes highly
contrast images that can be recognized easily. Such techniques are used in barcode reading of a product.
The OMR technique is highly accurate, low-cost, optimized scanning process that avoids ambiguity in
  $    YZ!

17.5.6 Barcode Readers
A product purchased from the market generally bears coded black and white bars on the product packet. This
coded bar, that is, a barcode, is read by exposing it to a laser light beam from a hand-held wand, which is held
over the product. By reading the barcode, the output of the computer produces the name of the product and
its cost. Hence, a barcode is used to indicate the nature of the product and its cost. A barcode is composed of
a series of black and white lines on the packaging; sometimes, it also bears the code of the company, that is,
a product of LG, Tata, Bata, and any other company.
The following two schemes are used in barcoding:
Universal product coding or UPC scheme   $     $ $
X  {%'|}  ~{ ~N $     
European article number or EAN scheme     "$ {{{%
{'|{}"$   $ 9    $
 
   "  $   X  
correctness of the barcode, the last number, called the check number, is used. Such barcodes bear two taller
bars at the start, centre, and end of the code, as shown in the barcode pattern illustrated in Fig. 17.33.
Check number
D1

D2

D3

D4

D5

D6

D7

Manufacturer unique number identifier
Product category
identifier

Taller bar

D8

D9

D10

D11

D12

Product number identifier

Centre taller bar

End taller bars

Fig. 17.33 Barcode pattern

A typical barcode for a product is shown in
Fig. 17.34.

Table 17.3
Decimal value

Left character

Right character

0001101
(odd priority)

1110010
(even priority)

1

0011001

1100110

2

0010011

1101100

3.

0111101

1000010

4

0100011

0011100

5

0110001

0001110

6

0101111

1010000

ISBN: 0-19-945678-X

9 780199 456789
Fig. 17.34 Typical barcode

Each of D1, D2, D3, …, D12 is coded with a
group of ‘7’, ‘0’, and ‘1’ digit. Digits appearing at
the left of the centre bar (D2, D3, …, D6) use the right
character for representing each digit starting from

Odd and even parity

7

0111011

1000100

8

0110111

1001000

9

0001011

1110100
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‘0’ to ‘9’, as shown in Table 17.3. The left character uses an odd parity whereas the right character uses even
parity.
Barcode representation Each dark bar is represented by ‘1’ and a space is presented by ‘0’. A double
‘11’ represents two dark bars put adjacent to each other (therefore, looks thicker). Thus, 1100111 can be
represented as shown in Fig. 17.34.
Generating check digit The following steps are followed in getting the check number:
Step 1 Find of all odd position numbers (1st, 3rd, 5th, …) excluding the check number, that is, D1 + D3 +
D5 + D7 + D9 + D11 = x.
Step 2 Multiply x by 3 such that Y = 3x.
Step 3 Find the sum of all even position numbers (2nd, 4th, …).
D2 + D4 + D6 + D8 + D10 = 2
Step 4 Add Y + Z = K.
Step 5 Find the number C to be added to K such that K + C = multiple of ‘10’, where C is the check number.
Software program The software program may have the following steps:
Step 1 Initialize all memory with 0000.
Step 2 Take input from code in order to determine ‘0’ and ‘1’ in bars.
Step 3 Get the binary data, which are serial in nature, corresponding to the black and light bars.
Step 4 Convert the binary data output into statements of ‘product’ and cost.

17.5.7 Antilock Brake Systems
An antilock brake system (ABS) is used to prevent locking during braking of the wheel system. It helps to
maintain proper steering control while applying a brake during high-speed driving, to avoid a skid. An ABS
is required to follow proper and strict functioning of a vehicle, and to detect any fault and handle it
accordingly.
An ABS consists of an ECU circuit for central control of four speed sensors. It is equipped with two or
more hydraulic valves in the brake system, called a hydraulic control unit (HCU). The circuit continuously
measures and monitors the rotational speed of each wheel. A Hall-effect sensor used in an ABS is shown
in Fig. 17.35 as a speed-sensing component. This sensor sends four speeds for four wheels speed to the
central controller for comparing and monitoring speed with respect to each other. It is supposed that when no
brake is applied, all wheels are running at the same
Driving shaft
speed.
However, when a sudden brake is applied, the
Hall effect
wheels under brake reduce speed at a higher rate as
sensor
compared to others that offer less reduction of speed.
H
In this situation, wheels are having an unequal speed
of rotation, and the ABS is actuated as one wheel is Brake shoes
running slower than the others.
Wheel under
The movement of hydraulic valves decreases
Disc hub
sensing
the pressure on the braking circuit, and the braking
Brake disc with ABS system
force on a wheel is reduced. In case of acceleration
of the speed of a wheel, the ABS again applies the
Fig. 17.35

ABS
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force on the wheel through an HCU, as directed by the ECU. An ABS works under microcontroller-based
system.

17.5.8 Autonomous Mobile Robots
It is an intelligent, remotely controlled surveillance system, such as a mobile phone, laptop, or desktop, which
 
                      
A dual-tone multi-frequency (DTMF)-based data transfer autonomous stealth robot (developed by students)
was controlled by a wireless mobile. The data may be in the form of words, voice messages, or images. In
                      
control. In this project, a wireless camera is mounted upon a DTMF-controlled vehicle and is operated using
a cell phone. A user interface is provided through an LCD. While this interface lets authorized users to breeze
through the controls, it deters an unauthorized person from attempting to seize the robot’s control at the same
time. This was developed by students under the mechatronic project that has following units:
Wireless video transmission/reception unit The students selected a digital transmission/reception module
because the application was intended for image transmission using a camera to reduce space. Since the
      
       
   
                    
(sold in bulk by JMK, China) and used it in the module.
To operate a movable camera, a stepper motor was decided because of the ease in controlling the exact
number of steps. In this case, the angle of rotation of the camera is controlled through a motor.
Wireless control unit This can be achieved by the DTMF technique using a cellular phone. This eliminates
all distance constraints and is suited for our stealth operations, as DTMF provides security because it is
          !"    # 
Autonomous control unit The students tested ultrasonic sensors and found that current requirement of
these sensors is very high (4 A while transmitting and 250 mA in the standby mode). Further, the complex
circuitry involved adds another fault to the complete circuit without much value addition for a stealth robot.
Essentially, a stealth robot may be controlled by a human who may see, using a video transmitting unit,
whether there are any obstacles or not. Therefore, the need of collision avoidance does not arise.
They used software methods to perform pick-and-place/rescue operations, that is, to go from one position
to another predetermined position using only software methods. This way, they reduced the complexity of
hardware circuit considerably.
Display unit Display of the robot signal received and the action taken may be accomplished using either a
 ! $%&  $'&  *  ! $%&  ;<    
LCD, which was mounted opposite to the wireless video transmission unit to enable the user to see the LCD
from a faraway distance.
Power unit The power unit was able to drive a microcontroller, an LCD at 5 V, chassis motors at a high
voltage (to attain a high speed), a worm sector gear head motor voltage, and camera power supplies at 9 and
5 V.
A basic block diagram of an autonomous mobile robot is shown in Fig. 17.36. Other associated important
components used in the project are an IC MT 8870 DTMF decoder, a camera, an L293D motor driver circuit,
etc., which are discussed in the following sections.
MT 8870 DTMF decoder >!??@N  &>      !   
decoder functions into a single 18-pin package. It is manufactured using the CMOS process technology. It
has low power consumption (35 mW maximum) with precise data handling capability.
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Worm sector
motor driver

Motor
driver
circuit

Decoder

Microcontroller

Receiving
mobile

Motor 1

Motor 2

Power supply

Fig. 17.36 Basic block diagram of autonomous mobile robot

      >!??@N                     &>
DTMFs (also known as touch-tone) are the audible sounds you hear when you press keys on your phone. In
DTMF, there are 16 distinct tones. Each tone is the sum of two frequencies: one from a low- and one from a
high-frequency group. There are four different frequencies in each group. A normal phone uses only 12 of the
possible 16 tones. If you look at a phone, there are only four rows (R1, R2, R3, and R4) and three columns (C1,
C2, and C3). The rows and columns select frequencies from the low- and high-frequency groups, respectively.
The exact values of the frequencies are listed in Table 17.4.
Table 17.4

DTMF row/column frequencies

Low frequencies
Row #

Frequency (Hz)

R1: Row 0

697

R2: Row 1

770

R3: Row 2

852

R4: Row 3

941

High frequencies
Column #

Frequency (Hz)

C1: Column 0

1209

C2: Column 1

1336

C3: Column 2

1477

C4: Column 3

1633

C4 is not used in phones

In order to decipher tone frequency associated with a particular key, its row and column locations are
  <  PQX   NY1) and column 1 (C2). After comparing with table, key ‘2’
offers a frequency of 770 + 1336 = 2106 Hz. Similarly, Key ‘9’ lies in row 2 (R3) and column 2 (C3), which
can offer a frequency of 852 + 1477 = 2329 Hz.
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To have a more cohesive view of frequencies associated with each key, we can also depict it as shown in
Table 17.5:
Table 17.5 Mobile key frequencies
Frequencies (Hz)

1209

1336

1477

1633

697

1

2

3

A

770

4

5

6

B

852

7

8

9

C

941

*

0

#

D

\     ]'??@N      !       
   
        "     
received tones before passing the corresponding code to the output bus.
To control the functioning of the decoder, an MT circuit, shown in Fig. 17.37, which is known as a
steering circuit, is used. Before registration of a decoded tone pair, the receiver checks for a valid signal
duration (referred to as the character recognition condition).
Power supply

Where
R1 = 102 kW ± 1%

VDD

R2 = 71.5 kW ± 1%

C1
DTMF
input

C2
R1

R2

X1

MT8870 D-1
Voo
IN+
INSUGT
ES1
GS
VRef
StD
Q4
INH
Q3
PWDN
Q2
OSC 1
Q1
OSC 2
VSS
TOE

R3 = 390 kW = 1%
C1 - C2 = 100 nF ± 5%
X1 = 3.579545 MHz ± 0.1%
VDD = 5.0 V ± 5%

R3

Microcontroller 8051

Ground

Fig. 17.37 DTMF decoder interface circuit

Driver circuit L293D This device is an integrated, high-voltage, high-current, four-channel driver designed
to accept standard TTL logic levels, drive inductive loads (such as relays, solenoids, and DC and stepping
motors), and switching power transistors. To simplify its use as two bridges, each pair of channels is equipped
with an enable input. This device is suitable for use in switching applications at frequencies up to 5 kHz.
Since L293D is a dual-bridge driver, with one IC we can interface two DC motors, which can be controlled
  
   !
  ^    <      
we can make use of all the four I/Os to connect up to four DC motors. IC L293D is capable of handling an
output current of 600 mA and 1.2 A of peak output current per channel. In order to protect the circuit from
back emf, output diodes are connected to the IC. The output supply (VCC2) voltage is in the range of 4.5 to
36 V, which has made L293D the best choice for a DC motor driver. A simple schematic for interfacing a DC
motor using an L293D is shown in Fig. 17.38.
The operation of a motor is controlled through an H-bridge circuit, as shown in Fig. 17.39. The code that
is responsible for the movement of a motor in a particular direction is shown in Fig. 17.40.
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S1

S2

M
S3

S4

S1, S2, S3, S4: Electronic switch

Fig. 17.39 H-bridge with motor

Fig. 17.38 Motor driver circuit

0

0

Stop/brake

0

1

Runs clockwise

1

0

Runs anticlockwise

1

1

Stop/Brake

Fig. 17.40 Motor movement

Wireless cameras A wireless camera is an important component of this project. For mobile surveillance,
we need a good-resolution wireless camera. Due to cost restraints, we use a basic JMK WS309AS wireless
camera with around 20 m range. This camera lacks auto-focussing, so for a working demo we have to
manually focus it on the LCD and on the persons. The camera unit requires a 5 V power supply and the
transmitting unit requires a 9 V supply. The receiver requires a 12 V supply, which is to be provided by an
adapter.
Batteries Since the circuit for this project consists of motors interfacing with the microcontroller, we have
to isolate the power supplies of microcontroller and motors. The 8051 microcontroller has very low current
requirement, so a low-current 9 V battery can be used to drive it. To get 5 V from a 9 V battery, we have to
use a 7805 voltage controller.
Now, the motors are high-current motors, so a 1.3 A/20 Hz, 12 V battery was used to drive all the motors
that include a stepper and four gear-head motors. Since ULN2003 has a current capacity of 500 mA, it could
be used directly with a 10 W motor draining power from a 12 V battery.

Integration
The robot was developed with stepper motor control using the ULN2803 tri-state buffer IC, and it was found
that the ULN became hot very fast. It also gave back an emf to the microcontroller, so an alternate L293D was
used. Having two in-built H-bridges, L293D does not send any back signals to the microcontroller.
                           ` 
microcontroller as the centre of the robot, the decoder is interfaced with the input port, viz. Port 1, of the
microcontroller. The input/output signal received from Port 1 is processed and the necessary control signals
are used to drive ICs at Ports 0, 2, and 3. Port 0 is interfaced with the LCD, Port 2 with L293D, and the robot
motion controller and Port 3 with ULN2008, the camera motion controller. The ICs 89S52 and MT8870D,
and LCD displays are powered through a 5 V battery, while the motor controllers are controlled via a
12 V battery.
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Operation
The following sequence of actions takes place when the robot is powered up and the transmitter cell phone
dials the number of the receiver cell phone. The LCD informs the user that the robot is activated and is ready
to use. Once the correct password is entered by the user, he/she is free to use any of the following three
modes:
Mode I: Semi-autonomous
camera
Mode II: Recording

Manoeuvring the robot while being able to view the surroundings on a wireless

Recording the sequence of keys in the previous mode

Mode III: Autonomous exploration Replicating the motion using the sequence of keys recorded
|            }              
cell phone to the DTMF decoder via an 8.5 mm jack, where it is decoded and accordingly control signals are
sent to the two motor controllers. The whole procedure is displayed on the LCD so as to render the robot a
certain degree of user friendliness.
          
                    
intrusion detection with provision of instantaneous action, terrorist activity control at public places, helping
armed forces to handle the situation before taking an offensive action, etc.

17.5.9 Wireless Surveillance Balloons
This system is used as an aerial observer for data communication
(Fig. 17.41). It is a very good alternative to longer-period aircraft
observation of areas. It is also deployed on vehicles such as trucks
as well as boats in sea. A data communication system may use
an infrared camera and other types of sensors such as spectral
Filled with Hydrogen
    ;     }     | 
helium or
hot air
from oil detection, it is useful for various purposes such as resource
          
   
Control line
Sail line
tactics can be applied against enemy, deployment over a spill on
Nozzle
land to track personnel and spill boundaries, mapping of shoreline
Camera
Tag line
and wildlife observations.
This type of balloon is used for communication relay systems
 
 
           
as thermal or visual cameras. In order to send information at a
Fig. 17.41 Wireless
surveillance balloon
faraway place, a repeater(s) can be used. In order to communicate,
it requires an antenna and electronics devices such as laptops, desktops, and TVs on the ground by connecting
through an electrical tether.

Movement Control
A balloon can be set at a place of desired altitude in a three-dimensional space. In order to provide horizontal
movement, vertical movement, and rotation in this plane, respective propellers driven by motors are used.
The X-, Y-, and Z-axis movement may require force (F) and/ or torque (T) to be applied in that direction.
The movement of balloon is made with respect to a reference frame. If it moves from the reference frame
(X0, Y0, Z0) to a new frame (X1, Y1, Z1), as shown in Fig. 17.42, its calculation is made using the following
formula:
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X0 = X1 ¥ cos q~Y1 ¥ sin q
Y0 = X1 ¥ sin q + Y1 ¥ cos q
Z0 = Z1
The new location of the balloon will give the location (X0, Y0, Z0)
with respect to the reference frame. Thus, orientation of the balloon
is by angle q about the z-axis.

Control Strategy

Z
Z1 Height/altitude
X1
f
0

X Plane
Reference: X0, Y0, Z0
Moveing frame: X1,Y1, Z1

The system can work in the closed-loop control mode, where Y
1
Plane
   
          
   
Y
ground station before operating the balloon for communication
Fig. 17.42 Movement control
with ground equipment. As it operates in a closed-loop system, the
in X–Y–Z plane
balloon adjusts its movement/orientation as per the feedback from
the accelerometers and compass, which are used for determining the position/location in a three-dimensional
space. In case of open-loop control, the operator has to control the position of the balloon continuously from
the ground station by sending control signals with the help of onboard microcontrollers and wireless modems.
The feedback information regarding the position, orientation, and speed of the balloon is used to drive the
propeller motor and other balloon-handling devices to track it.

Communication
Communication of the balloon with the ground devices, such as laptops, desktops, and TVs, is via a wireless
channel. Apart from getting information data from ground station, it also receives data for acceleration,
speed, position, and orientation of the balloon also.
   
                 
     
          |
     
control the balloon at the ground level personally. The tag lines are extended down until ground at all other
three control lines of the balloon, as shown in Fig. 17.41.
Sending information via a camera requires batteries, communication devices, videos, and GPS cables,
which are mounted with the help of a support to connect with the balloon, as shown in Fig. 17.41. Different
types of antennas are used for communication at 2400 and 900 MHz for higher range. A balloon can
transmit in one direction or in multiple directions with the help of omni-directional and multi-directional
antennas.
Sometimes, a deck unit consists of two antennas for videos and one for communications. The deck unit is
fed through a 120 V AC power supply and a 600 W inverter. Images are sent through a wireless connection to
a laptop/computer using a serial output cable that connects to the laptop for communication with the control
software.
In case of communication with Wi-Fi, a 900 MHz communication channel can be used along with the
cordless telephones interfaced to the system in urban areas. The software written is useful in calculating
image position along with orientation, altitude, and tilt. On the other hand, the use of GPS helps to determine
the compass direction and altitude.

17.6 PROJECTS DEVELOPED
Many projects have been developed based on mechatronic systems; however, one project is detailed for
understanding the design and development of a project.
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17.6.1 Project 1: Mechanical Excavator
The following sections discuss Project 2 in detail.

Introduction
Robots are designed and developed for automated handling of material with/without the interference of
a human operator. The involvement of an operator depends on the level of intelligence of the robot. An
automated excavator is designed and developed for material handling in this project. However, details and
types of robots will be discussed in Chapter 18.

Block Diagram
The block diagram of the mechanical excavator has basically four parts.
An overview of the mechanical excavator can be understood from the block diagram. There is a power
supply and a logical supply (from computer); this logical supply decides when and where the power supply
      
           
          
actuator. In this case, motors are used, which in turn, move different parts of the arm.
The whole assembly, as explained later, has two parts: one is mechanical, that is, how the arm moves, the
mechanism; and the other is electrical, which includes how the logical input is given to the circuit and the
design of the circuit itself. However, before that, we need to know how relays work, which is described in the
following subsection. Regarding other components, basic explanations are within the general working part
and the parts such as resistors, transistors, capacitors, and transformers need not be explained. An explanation
of the software part, which controls the input from the PC, is provided at the end.

Explanation of Relays
When electricity is applied to the wire of the relay circuit, the ferromagnetic rod becomes magnetic. As a
result of the magnetism that developed in the rod, the movable contact arm above the rod is pulled to close the
circuit. However, the attached spring tries to move the rod away from the contact arm against the magnetic
force. By means of a relay, a current circuit can be broken or closed as a result of a current in another circuit.
Relays can have several poles and contacts. The contacts can be of normally open and normally closed types.
Therefore, a relay can be used to close a circuit in a normally open contact or open it in a normally closed
contact.
A relay is a switch operated by an electromagnet. It is useful if we want a small current in one circuit to
control another circuit containing a device such as a lamp or an electric motor that requires a large current, or
if we wish several different switch contacts to be operated simultaneously.
          #@Y ` 
    ; 
through the coil, the soft iron core is magnetized and attracts the L-shaped soft iron armature. This rocks on
its pivot and opens, closes, or changes over the electrical contacts in the circuit being controlled, as shown
in Fig. 17.43(b).
The current needed to operate a relay is called the pull-in current, and the drop-out current is the current in
the coil when the relay just stops working. If the coil resistance R   #NN       V
is 6 V, the pull-in current is given by 6/100 A. The contact switch and coil movement are shown in Fig. 17.43(b).

Mechanical Part
The mechanical part includes four motors, linear connectors (wires), round discs, a frame work, and springs.
Figure 17.44 shows the architecture of a mechanical excavator. The explanations of these components are
given as follows:
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Transparent
plastic cover
Relay switch

Component
Electromagnetic
coil

Coil
Moving common
contact

Spring
Terminals

Symbol
(a)

(b)

Fig. 17.43 (a) Relay contact switch (b) Movement of coil

Motors used in this part are rated 220 V AC (5\6 rpm) 4.5 W. Gear motors have been selected because
these function in precise steps based on the input pulses fed to them. These are ideally suited for the type of
precision and accuracy involved. We need slow and accurate, but powerful, movements, so low rpm and high
power are selected. We need four such motors to control different motions.
The framework is needed to have the base and three more joints. The base itself would be rotating; if the
assembly is compared to the human hands, the forearm joint, the lower arm joint, and the crouching action
should be considered. Therefore, there would be a joint near the base, one at the topmost point, and another
at the point from where the crouching action is to be controlled.
For linear connectors, we need springs and discs because the rotational motion of the motor is to be
converted to the different motions of the arm. Movement of any part is achieved through a motor acting as an
actuator. The direction in which the motor runs, that is, in clockwise or anticlockwise direction, is controlled
by turning the switch on or off, respectively.
Now, two motors are placed on the base itself, one for the forearm movement and one for the lower arm
movement. Now, discs are connected to the shaft of the motors, and a hole is made near the circumference
through which a rod is passed and connected to the forearm; a similar connection is made for the lower arm.
Springs are attached in such a way that they restrict the motion. When the motor is provided with a power
supply, it slowly makes the arm move in the desired direction, but after the motor moves up to a certain
angle, the linear connector loses the joint and the spring retraces back the arm’s movement. In addition, the
motor here too reverses the direction of motion and thus makes it easy for the arm to move in any direction
spontaneously. The last motor controls the action of crouching. It has a similar arrangement to the disc and
linear connector, but in this case, the spring is attached to the clip that is attached to the foremost part of
the assembly. The motion of the clip is regulated in the same way;
the motor is responsible for opening of the clip and the spring is
responsible for its closing.
At the joint of the clip, we can see a linear connector and how it
is joined to the motor and the clip; also there is a spring in the clip
itself to regulate its motion. In this, the joint between the forearm
and the lower arm can be seen; the motor seen in the picture is
actually the motor for the clip that regulates the crouch action. The
disc is attached to the shaft and the linear connector to the periphery
of the disc. A spring seen in the picture is used for regulating the
backward motion of the lower arm.
Fig. 17.44 Architecture of mechanical
excavator
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In this picture, the base and the two motors installed can be seen. Below this base is the motor responsible for
the rotation of the assembly itself. The joint of the base and the forearm is clearly visible; the linear connectors
and the discs are also visible, which are responsible for the motion of the forearm and the lower arm.
This completes the assembly construction and working of the mechanical part. Input to these motors is
regulated by a proper circuit, which is explained in the electrical part; input to these motors is via wires.

Electrical Part
The electrical part starts with an input from the PC, which requires a 25-pin port normally attached to the PC
to connect to a printer.

Port Description
The parallel port is physically on the back of an IBM PC, as a female 25-pin D shell connector. In older IBM
computers, the port may be located on a monochrome display adapter. On a modem PC, it is located on an I/O
card or on the back panel of the PC. The parallel port has four types of electrical connections on its 25 pins.
There are eight data outputs from pins 2–9. The TTL-type electrical output 74LS374 chip powers these
  < P@X          $     $*    ! 
Schottky of the TTL family. Four control pins are read/write capable and have an open collector electrical
output provided by a 74LS174 chip. The parallel port card supplies resistors to each output to make the open
collector circuit. The inputs are fed to a 74LS240 chip, which reads TTL logic levels.
Table 17.6
Pin no.

Traditional use

Pin connections

Read/write

Interface pin

Invert pin

Read mask

Port address

1

STROBE

R/W

OCR

Yes

0

Base + 2

2

D0

W

TTL

No

–

Base

3

D1

W

TTL

No

–

Base

4

D2

W

TTL

No

–

Base

5

D3

W

TTL

No

–

Base

6

D4

W

TTL

No

–

Base

7

D5

W

TTL

No

–

Base

8

D6

W

TTL

No

–

Base

9

D7

W

TTL

No

–

Base

10

ACK

R

OC

No

–

Base + 1

11

BUSY

R

OC

Yes

–

Base + 1

12

PAPER END

R

OC

No

–

Base + 1

13

SELECT

Base + 1

14

AUTO FEED

15

ERROR

16
17
18–25

SIGNAL GROUND

R

OC

No

–

R/W

OCR

Yes

0

Base + 2

R

OC

No

–

Base + 1

INITIALIZE

R/W

OCR

No

1

Base + 2

SELECT I/P

R/W

OCR

Yes

0

Base + 2

Pins 18–25 listed in Table 17.6 are signal ground pins. These pins were intended to be used as the ground
pins that are connected to transmit pins (2–9) through twisted pair wires. Twisted pair wires are used to cancel
the noise caused by magnetic induction. There are 17 active pins and only eight ground pins.
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The active pins tolerate voltage levels between 0 and 5.2 V. Regardless of their output state, the maximum
output on any of the leads is 5.0 V. This means that it is not possible to damage the port by connecting any of
the leads to any of the others.
|     ]}   $          
collectors or straight TTL I/Os. TTL can read anything above 2.2 V as high and <0.8 V as low. The threshold
voltage for TTL is 1.3 V, but operating in the intervening range of 0.8–2.2 V may cause a read error. The
    ?     
Now ports 2–5 and any one from ports 18–25 are selected (all are for the ground purpose), and these have
5 V potential difference between them. This could be directly input to the relay, but one point must be kept
into consideration that the PC should be isolated properly from the relays that pass on the signal from the PC
to the frequency generator IC. This is because when the relays disconnect, a high voltage spike is produced,
which can cause damage to the computer.
Hence, we use an opto-coupler MCT2E to isolate the computer from the relays. The input from the
computer is applied to the input pins of the opto-coupler, which are internally connected to an LED.
PNP
IC 293 D
MCT 2E
1 kW

2

Rectifier

1 kW

+
Relay
RL1

PNP

1 kW

IN 4007

470 MFD

I
N
T
E
R
F
A
C
E

PNP

BC 558BN

Relay

+

15 k
7

6

1 kW

PNP

BC 558BN

V+

VCC
RL2
+

MCT 2E
1

1 kW

9

4 2

10

1 kW

PNP

1 kW

V+
PNP

8

15 k

Fig. 17.45

Main control circuit diagram

Relay

BC 558BN

RL4

MCT 2E
5
1 4 2

To
motor 2

To
motor 3

VCC
+

15 k

Relay
RL3

PNP

5

To
motor 1

VCC

4

MCT 2E
5
1 4 2

C
O
M
P
1.5 k
U
T
E
R
Opto-coupler (s)

PNP

BC 558BN

5

6-0-6
Transformer

1 kW

15 k
V+

1.5 k

L1
220 V
AC

5
4 2

1

IN 4007

3

To
motor 4
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When a signal is generated, the LED emits light, which is made to fall on the base of a phototransistor
(connected to the output pins of the opto-coupler). As a result, the signal is passed on from the LED to
  !         Y'\      \  
       
The relays now operate as switches and pass the current to the motors in the assembly whenever we direct
the computer to provide the voltage in the required pin. The circuit diagram is shown in Fig. 17.45.
This is the circuit of the whole system. At the end, wires are left, which are to be input to the motors. The
circuit is actually to be duplicated for each motor.

Power Supply Description
The power supply system of the excavator circuit comprises four basic parts, as shown in Fig. 17.46. The
transformer steps down the 220 V AC into 12 V AC. The transformer works on the principle of magnetic
induction, where two coils, primary and secondary, are wound around an iron core. The two coils are
physically insulated from each other in such a way that passing an AC current through the primary coil
                           
varying AC voltage in the secondary coil.
Voltage
regulator

Shunt
capacitor

Bridge
rectifier

Transformer

Fig. 17.46 Power supply system for excavator

|'                             
      !              
        
      #@@|       
        
    
!    |    |'   &'     
   ;              &'    
is not appropriate for the components that are going to work through it.
7812

D1-D4:IN4007
D1

D3

1000 mF

12 V
Input
AC power
supply

7805
Output

-12V
D2

Transformer
12 V-0-12 V

D4

C
Capacitor
12 V DC output

Diode rectifier

Fig. 17.47

12 V DC power supply

 !    &'        #NNN   
The capacitor is used to store charge when voltage rises and to discharge as the voltage falls. An IC 7805
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voltage regulator is connected. A Zener diode can also be connected in reverse bias mode to stabilize the
  ;       |    
     &'
voltage is obtained across the capacitor. When this capacitor is used in this project, it should be twice the
   `  '         '
discharge time must be long to eliminate ripple action. In other words, the capacitor must charge up fast,
preferably with no discharge.
`                    
        !                    
full peak voltage supply goes back to the source in such a manner that the diode is reverse biased, that is,
             !  
disconnects or separates the source from load. The capacitor starts to discharge through the load. This prevents
the load voltage from falling to zero. The capacitor continues to discharge until the source voltage becomes
more than the capacitor voltage. The diode again starts conducting and the capacitor is again charged to
the peak value Vm. The time of charge and discharge depends on the time constant RC. The longer the time
constant, the steadier the output voltage. An increase in load current, that is, a decrease in resistance, makes the
time constant of the discharge path smaller. The ripple increases and the DC output voltage Vdc decreases. The
maximum capacity cannot exceed a certain limit because larger the capacitance, greater the current required
to charge the capacitor.
The voltage regulator regulates the supply if the line voltage increases or decreases. Regulators of the
@?<< <     Q|         ]'
    #  
|       <          
unregulated power is given to input pin ‘1’ and the output is taken from pin ‘3’ of the IC to obtain a regulated
output. The third terminal is connected to ground. The input voltage may vary over some permissible voltage
                  @?<<]' 
positive voltage regulators, whereas 79xx ICs are negative voltage regulators.
The voltage regulators are IC based with features of current limiting, thermal shutdown, and compensation.
These regulators have internal thermal overload protection. They use output transistor safe-area compensation,
and the output voltage offered is in 2% and 4% tolerance.

Software Part
A particular port is accessed through the port address and address offset. Accessing the port base address sets
the write pins (2–9). The status pins are read at the base address plus an offset of 1 byte. The control pins are set
or read at the base address plus an offset of 2 bytes. Accessing the serial port base address sets read pin no. 2.
1. The base address for the typical PC Lpt1 port is Hex378.
2. The base address for the typical PC Lpt2 port is Hex278.
3. The base address for the typical PC COM1 port is Hex3F8.
4. The base address for the typical PC COM2 port is Hex2F.
Similarly, the port address of each and every pin is assigned. This is accessed using software like DIRECT
I/O. We can input the port number and start the program that is made to run on the system. The program is
made in Turbo C++:
Welcome to
Main Menu
U 
U -
U \

Robotic ARM Project
    XYY
 6!  XYY
 # !  XYY

U ` 
  XYY
Press 5 for Exit
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After input from the pin is decided, the program runs to execute for implementation. As it is a very
friendly user interface, just 1, 2, 3, and 4 need to be pressed to operate different motors, and one can switch
the motor on and off to reverse its direction, as explained in the mechanical assembly.
The program that is made in C is as follows:
#include<stdio.h>
#include<conio.h>
int m1,val,m2;
void go()
{
val=0;
if(m1==1)
val=1;
if(m1==2)
val=2;
if(m1==3)
val=4;
if(m1==4)
val=8;
outportb(0x378,(val));
outportb(0x37a,0x00);
}
void Show()
{
gotoxy(50,12);
 # XYY
gotoxy(50,14);
 # XYY
gotoxy(50,16);
 # XYY
gotoxy(50,18);
 # XYY
if(m1==1)
{
gotoxy(50,12);
 # X
}
if(m1==2)
{
gotoxy(50,14);
 # X
}
if(m1==3)
{
gotoxy(50,16);
 # X
}
if(m1==4)
{
gotoxy(50,18);
 # X
}
}
void main()
{
char ch;

clrscr();
m1=0;
m2=0;
go();
gotoxy(20,5);
 #  6 BXX ?OBU  6 
gotoxy(30,7);
 # #  
gotoxy(30,8);
 # 

gotoxy(20,12);
 # U Y Y#    
gotoxy(20,14);
 # U -Y  6!  
gotoxy(20,16);
 # U \Y # !  
gotoxy(20,18);
 # U `Y Y   
gotoxy(50,12);
 # XYY
gotoxy(50,14);
 # XYY
gotoxy(50,16);
 # XYY
gotoxy(50,18);
 # XYY
gotoxy(20,20);
 # U HY J# 
m1=0;
while (ch!=’5’)
{
gotoxy(40,20);
ch=getch();
if (ch == ‘1’)
{
if (m2==1)
m1=0;
else
m1=1;
}
if (ch == ‘2’)
{
if (m2==2)
m1=0;
else
m1=2;
}
if (ch == ‘3’)
{
if (m2==3)
m1=0;
else
m1=3;
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go();
Show();
}
gotoxy(19,24);
m1=0;
go();
 #  @  !GBXX ?OBBXU
getch();
clrscr();}}

}
if (ch == ‘4’)
{
if (m2==4)
m1=0;
else
m1=4;
}
m2=m1;

         
execution results in the control of the excavator.

  

<    ^

PROJECT DEVELOPMENT HELP
In order to design and develop an intelligent system,
students should follow the step-by-step procedure as

In order to design and develop an intelligent product
system, students should follow these steps to realize
its implementation:
Ideas: First bring the idea of a product in mind. If
possible translate the idea into a picture.
Problem deﬁnition: Deﬁne the role of each translated
picture along with the related problem.
Block diagram: If possible draw the block diagram for
each situation with the input/output relationship.
Circuit diagram: Draw the circuit diagram and/or
architectural diagram for each component based
on speciﬁcations, and study the correct connection
diagram to achieve the desired input/output result.
Interfacing diagram: Draw the correct interfacing
diagram and develop the code as per the pin
connection with port addresses.
Power supply unit: Design the power supply unit
depending on whether a DC or an AC or a battery is
to be used.
Hardwire:
Selection of transducer: Determine the sensing
method for selection of a transducer required for
sensing the parameter under control.
Selection of signal-conditioning devices: Select the
suitable signal-conditioning devices such as ﬁlters,
ampliﬁers, ADCs, and DACs.
Control of product by computer/processor: If the

listed under ‘possible design solutions’.

product is controlled by a computer/processor,
study the characteristics of the transducer output
signal; if required, go for ‘design of transducer
to ADC circuit’ and also for the design of a DAC–
actuator circuit.
Intelligence level and selection of controller: The
intelligence level of a product is determined by the
type of controller used. Select the processor type,
memory, and other features as per the requirements,
to achieve the desired objectives.
Selection of actuators: The need of actuators is also
to be determined while designing the system.
Select suitable switches, relays, motors, etc. for
implementation of controller decision.
Software selection and program: Draw the complete
ﬂowchart of the system operation. Develop
sub-routines for each sensing, logic, and output
decision, and an actuator for implementation
of controller decision. Based on the selection of
program language, such as assembly, C, C++,
MATLAB, and LabVIEW, and suitable compatible
processor chosen for implementation.
Experiences also play an important role in design
and development of a product. A few other points
that are to be kept in mind are as follows:
o D: deﬁning a problem theoretically and
mathematically
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o E: experience in integrating hardware and
software
o S: selection of components
o I: instrumentation

o G: gain proﬁt
o N: negotiating
technique.

component
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minimization

Analog interface ampliﬁer (AIA) design This design
is completed by an Op Amp linear input–output
relationship equation and by representing it with a
possible form of transfer function and circuit.

Concurrent design It is a design process that starts
with the basic concept for functional solution of a
system with a single-function solution followed by
the interface solution.

Computer-aided design (CAD) It is computeraided design for mechatronics to integrate diﬀerent
disciplines by the uniﬁcation of the design
processes.

Interfacing It is a physical (hardware) and/or software
integration used for solving a system function.
Product system testing It plays an important role in
completion of product design and development.

Multiple-choice Questions
17.1 Which of the following features has a relay?
(a) Normal switch
(b) Open switch
(c) Electrically operated switch
(d) None of these
17.2 Which type of energy is required by a solenoid
to operate?
(a) Mechanical
(c) Both (a) and (b)
(b) Electrical
(d) None of these
17.3 Which type of language is UML that is used for
design?
(a) Mathematical
(c) Symbolic
(b) Graphical
(d) Visual
17.4 What is the full form of AIA?
Y  |
    
(b) Analog intelligent array
Y  |
    
(d) None of these
17.5 Which type of voltage level does the AIA for a
transducer–ADC interface deal in?
(a) High-voltage AC
(c) Low-voltage AC
(b) Low-voltage DC
(d) None of these
17.6 Which type of voltage level does the AIA for a
DAC–actuator interface deal in?
(a) High-voltage AC

17.7

17.8

17.9

17.10

(b) Low-voltage DC
(c) Higher than transducer ADC voltage level
(d) None of these
Which among the conventional and mechatronic
approaches takes less time to produce a product?
(a) Conventional
(c) Mechatronic
(b) Equal time by both (d) None of these
Why a bridge circuit is required in a strain
gauge transducer–AIA interface?
(a) To convert the resistance change into a
voltage change
Y        
(c) To give the physical parameter value
(d) None of these
What factors are considered in selecting the size
of a motor?
(a) Power requirement
(b) Available output power
(c) Maintenance
(d) All of these
What is done for interfacing an IC with its base?
(a) Soldering of IC pin
(b) Soldering of IC pin and base pin
(c) Soldering of base pin
(d) None of these
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Review Questions
17.1 What are the components of product design?
17.2 What is the importance of computer-aided design
(CAD) for a mechatronic system? Explain.
17.3 What are the stages involved in designing a
mechatronic system?
17.4 How does modelling help in design and
development of an intelligent system?
17.5 Explain the conceptual design process of a
mechatronic system.
 #@  
         
interfacing for design and development of a
product?
17.7 Why is product system testing required?

17.8 What is the importance of AIA?
17.9 What are the steps to design a transducer analog
interface for an ADC?
17.10 In what way a transducer–ADC interface is
different from a DAC–actuator interface?
17.11 Draw and explain a thermocouple analog
interface circuit?
17.12 Draw and explain an optical transducer analog
interface circuit?
17.13 Draw and explain the analog interface circuit for
relay.
17.14 Draw and explain the analog interface circuit for
motor.

Answers to Multiple-choice Questions
17.1 (c)

17.2 (b)

17.3 (d)

17.4 (a)

17.5 (b)

17.6 (c)

17.7 (c)

17.8 (a)

17.9 (d)

17.10 (c)

