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Editorial

- Prof. K.Y. Rajput
E-mail: rajputky9@rediffmail.com

On behalf of editorial board, it gives me an immense 
pleasure to present this volume of the Journal of 
Electronics under Exponent Group of Journals. 
Through this journal, we  are attempting to enhance 
new knowledge and technology amongst the youth, 
common man, academic and research community, 
professionals and industry practitioner. We are 
also focusing to introduce  in each  volume of this 
journal as a basic platform for various subjects in 
the electronics areas in order to realize new theories 
and developments for common man communities; 
thus bridging the gap between common man and 
technology, later research theories and industrial 
developments are also incorporated. Electronics 
Journal provides a platform for common man, 
researchers, industrialist and students to submit on-
going research activities and developments in these 
areas. Overall the main objective is to impart quality 
education through these articles/papers.

In continuation with the theme of journal, we are 
publishing the papers which are not necessarily based 
on original research, but the subject of the papers 
are selected to match up with the goal of the journal, 
i.e. to enhance social awareness of latest technology 
in the field of Electronics and Tele-communication.

In this Volume of Electronics Journal we are 
presenting six papers.

First paper in this volume titled “Overview of 
Facebook Internet Drones” deals with issue  on  
Google and Facebook for past 1 to 2 years about 
providing internet access to the remote locations 
where ground infrastructure cannot reach. It 
provides alternative solution to ground infrastructure 

and using communication satellites in the space for 
internet access to remote locations on earth.

Next paper titled “Infinite possibilities of FPGA” 
discusses use of  open source microcontroller 
development boards such as Arduino, Raspberry 
Pi, TI Launchpads, etc. FPGA (Field Programmable 
Gate Array) development boards against using  
microcontrollers and microprocessors.  FPGAs are a 
very different breed and require deep knowledge of 
digital logic design.

Our third paper titled “Digital Electronics Part-Vii, 
Digital Counters” is in continuation of series started 
earlier volumes . It discusses how we can construct 
various types of digital counters using Flip Flops 
and logic gates. Digital counters have vide range of 
applications digital circuits and computers.

With next paper in this volume titled we are starting 
a series on “OPERATIONAL AMPLIFIERS”. The 
Operational Amplifiers(OP AMPs) are outcome of 
new technology which included a complex circuit to 
amplify a signal as well as to carry out mathematical 
operations such as addition, subtraction, integration, 
differentiation, comparator. This article is first in 
this series of articles and will discuss the basics of 
operational Amplifiers and subsequent volumes we 
shall present block diagram and applications of  OP-
AMPs. 

Our next paper titled “Introduction to Telemedicine 
Electronics& Engineering”  provides the application 
of engineering science and technology to problems 
arising in medicine and biology. It deals with 
Intersections between engineering disciplines 
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electrical, mechanical, chemical, with each discipline 
in medicine, such as cardiology, pathology, neurology, 
biology, biochemistry, pharmacology, molecular 
biology, cell biology. 

Final paper in this volume is titled Introduction to 
“Swarm Intelligence Particle Swarm Optimization”. 
It deals with Swarm intelligence (SI) is an artificial 
intelligence technique based around the study of 
collective behaviour in decentralized, self-organized 
systems. SI systems are typically made up of a 

population of simple agents interacting locally with 
one another and with their environment. Although 
there is normally no centralized control structure 
dictating how individual agents should behave, local 
interactions between such agents often lead to the 
emergence of global behaviour. 

We hope all the papers/articles presented in this 
volume will be  useful to the readers in the field of 
Electronics and also to a common person.
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Overview of Facebook Internet 
Drones

- Salil Tembe
E-mail: salil2106@gmail.com

There was an occasional buzz from Google and 
Facebook for past 1 to 2 years about providing 
internet access to the remote locations where 
ground infrastructure cannot reach. The alternative 
to ground infrastructure is to go right into the sky 
and build base stations there. There are several 
communication satellites in the space that are well 
capable of providing internet access to remote 
locations on earth, so why not use them?

Problems with the Satellite internet

The inherent problem with satellites is the delay of 
communication. Just for the signal from the ground 
device to reach the satellite takes approximately 
125ms and another 125ms to return. That is not a lot 
and that could be ignored when it comes to providing 
internet access to remote locations which do not 
even have an internet connection to begin with. 
The commonly used TCP/IP protocol stack requires 
several back and forth packet exchange before the 
actual data begins to flow. It is just too slow in reality, 
although better protocol stacks for satellite internet 
have been developed but have quite limited service 
region. 

Figure 1 Signal coverage of high bandwidth satellite 
services

Modern satellites operating in the Ka-band of 
frequencies, that is, 24GHz to 40GHz frequency band 
are well capable of delivering data rates of up to 
140Gbps. So, why not use them? Such high data rate 
satellites can only deliver the promised throughput 
(speed) in a small beam region. Increasing the 
antenna beam to cover more area will introduce 
signal losses and in turn degrade the throughput. 

As, can be observed in Figure 1, each circle is the foot 
print of a single satellite beam. Increasing the beam 
will result in reduced throughput while narrowing 
the beam will raise the throughput data rates. Thus, 
there is an inverse relationship between the coverage 
area and speed. 

This can be very well understood from the Figure 2 
below.

The radio signal loses its strength in proportion to the 
square of the distance. Thus, as the distance doubles, 
the signal strength will reduce by 4 times because 
the area covered by the radio beam also expands 
proportionally.
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While, you can have hundreds of satellites in the 
space just to serve internet access over a large area, 
it quickly starts to become an expensive game. The 
bandwidth is at premium. The frequency bands are 
not free. Each frequency band right up to 300GHz is 
allocated to some or the other purpose. Therefore, 
it is not like one can make use of any frequency 
they wish to use. One needs to make sure whether 
that frequency is being used in that location. The 
next question to answer is whether there is enough 
bandwidth the satellite has to serve internet. Because, 
satellites could be serving various communication 
and research purposes. Thirdly, whether the satellite 
is located above the region on earth where the 
internet access needs to be served. Some orbital 
regions can be highly crowded while some may be 
sparse. There is a lot of planning that needs to be 
done and it just becomes an expensive thing.

The drone alternative

Solar powered drones have been under 
experimentation for past few years. Unmanned 
aerial vehicles powered with solar energy are 
designed to fly for several months without taking a 
break. Their wings are covered with solar panels and 
their wingspan is extensive. The drone unveiled by 
Facebook had a wingspan of 138 feet, which is same 
as that of [1] Boeing 737. 

Facebook’s drone is named as Aquila which is 
intended to fly in the lower stratosphere at an altitude 
of about 60000 to 90000 feet. Several of Aquila 
drones will be deployed in the air which will fly over 
the regions where internet connectivity needs to be 
provided. Each Aquila drone will have the ability to 
provide internet access through it’s on board radio 

transceivers in a radium of 50 miles. 

Laser technology

Free space communication will happen between 
two or more drones while in the air to exchange 
various kinds of data required to keep the operation 
running. A maximum throughput of 10Gbps can be 
achieved with the laser communication system. Do 
not be mistaken to assume that lasers will transmit 
data to the ground. Lasers will simply be used for 
communication between two or more drones in the 
air. The reasons and purpose will soon become clear 
as we move forward with the subject. 

Just as we know, mobile base stations on the 
ground operate on the principle of frequency 
reuse. Each neighboring cell tower uses a different 
set of frequencies so that no two neighboring cells 
operate in the same frequency band which can 
cause interference. When you move from one cell 
boundary to another, hand-off takes place where you 
are handed off by your current base station to the 
neighboring base station.

In case of Aquila drones, the user will not be moving 
greatly, the drone itself would be passing in the sky. 
Its coverage region also moves as it moves above. 
There will be another drone following it to replace 
its service. And that is when hand-off concept will 
become important. Let us understand that a little 
more. 

Suppose, Drone A is passing above you. You will 
get connectivity to that drone as long as you can 
receive its signal. Once it passes on, Drone B will be 
just around the corner, on its way to serve you and 
replace Drone A. But, your device is still connected 
or expecting to connect to Drone A. There needs to 
be a hand off where the user equipment will switch 
over to Drone B. 
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Figure 4 Aquila drone connected to Ground station 
on a high speed radio link

Drone A immediately uses the laser communication 
module (which is continuously ON) to transmit the 
list of users it was serving on the ground to Drone B. 
Drone B takes over all the connections maintained 
by Drone A and at the end, the ground user has 
uninterrupted communication experience because of 
the instantaneous switchover between two drones. 

This laser communication technology is known as 
Free Space optics [2] (FSO). There is one difficulty 
that needs to be overcome when it comes to FSO. 
The laser beam being extremely narrow, it needs to 
be oriented precisely on to the receiver of the second 
Drone and vice versa in order to communicate 
effectively. 

Facebook claims that they have successfully 
developed a system that can pin point its laser on to 
a 5cm diameter target located 16 kilometers away. 
This gives us idea of how far two neighboring drones 
will be located, which is 16kms apart in order to be 
able to communicate with each other. 

Mesh network over laser communication

We cannot just have a bunch of drones flying in the 
air and expect internet connectivity to come from 
nowhere. 

There has to be a connection to the ground based 
internet. A single drone flying over a ground node will 
act as a mother drone which will relay the internet 
packets to all other drones as needed. Figure 4 shows 
the ground node connected to the mother drone 
through radio waves or laser. Which in turn will feed 

it to other neighboring drones as show in Figure 5 
below.

Figure 5 Free Space Optics (laser communication) 
between the air-borne drones

All other drones will somehow be connected to one 
mother drone through a mesh network. Since, we 
cannot have direct connection between the mother 
drone and a child drone located several hundred 
kilometers apart, the network packets will have to 
hop from one drone to another until it reaches the 
destination. 

Each drone will use this internet link to establish 
communication with ground based users as show in 
Figure 6. The communication between ground based 
users and the drone will happen through radio waves 
in possibly the Ka-band to achieve high data rates. 
Exact technical specifications may come out in near 
future. 

Figure 6 Drone eventually serving internet 
connectivity to ground users

Since, each drone is communicating with neighboring 
drones on a FSO link with a maximum throughput of 
10Gbps, it will thus be able to provide a maximum of 
10Gbps to that 50 mile radius region. Since, we are 
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talking about remote locations with low to medium 
density population, 10Gbps distributed among them 
will be quite fast internet.

Figure 7 shows how drones located at far distances 
will be able to achieve connectivity with the mother 
drone. As mentioned previously, internet packets 
will traverse through one drone on to another 
until it reaches the destination. In the Figure 7, the 
destination is marked, but since there is no direct 
connectivity between mother drone (due to its 
orientation) and the destination drone, packets need 
to pass through several other drones before finally 
reaching the destination. 

Figure 7 Mesh networking techniques to reach 
drones far away from the mother drone

We are talking about tens of drones that are off the 
limits which cannot achieve a direct connection with 
the mother drone. All the packets generated by the 
users in their coverage area will have to traverse 
through several other drones before finally making it 
to the ground station. 

In short, if you do not have direct access with the 
ground station, find someone who has and pass on 
the packets to him. This whole concept is known as 
mesh networking.  

Project Loon

Google’s Project loon which involves sending up 
balloons in the stratosphere (60000 to 90000 
feet) with radio equipment for expanding internet 
connectivity in remote locations on earth. Project 
Loon is also currently under tests and it also happens 
to use mesh networking techniques to relay packets 
from one point to another through a various balloon 
nodes. The Project Loon operates exactly on the same 
principles as the Aquila internet drone. For example, 
there is frequency reuse and handoff between 
neighboring balloon nodes when they pass over 
certain region to keep the user’s internet experience 
uninterrupted. 
 
References

1. Boeing 737. Wikipedia.Web.
2. Henniger, Wilfert. An introduction to Free-Space 

Optical communications.RADIOENGINEERING, 
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Stratosphere. Facebook.com. Web. 2015. https://
code.facebook.com/posts/993520160679028/
building-communications-networks-in-the-
stratosphere/
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Infinite possibilities of FPGA

- Salil Tembe
E-mail: salil2106@gmail.com

With the growing popularity of open source 
microcontroller development boards such as 
Arduino, Raspberry Pi, TI Launchpads, etc. FPGA (Field 
Programmable Gate Array) development boards 
are also beginning to catch up and have started to 
become quite popular. Unlike microcontrollers and 
microprocessors, FPGAs are a very different breed 
and require deep knowledge of digital logic design. 
To work on the FPGA one must get well versed with 
thinking in binary and hexadecimal. 

This article was written to raise awareness about 
FPGAs and programmable logic devices, which finds 
their application in a lot of devices we use today and 
yet we do not know about their existence. 

What is an FPGA?

Figure 1Stratix IV FPGA working as a signal processor 
in an embedded system

Field Programmable Gate Array is like a workshop. 
In a workshop you have all the resources and raw 
material available at your hands and all you have to do 
is make use of it to build something. Similarly, FPGA 

being an electronic chip, it has all the universal digital 
logic elements inside it. For example, a cheapest 
FPGA will have a bunch of universal digital logic gates 
such as OR Gate, NOT Gate and AND Gate, apart from 
that there will also be most use logic elements such 
as Flip Flops, multiplexers, clock distribution circuitry 
and so on. The more advanced FPGAs also have some 
digital signal processing structures inside it to speed 
up operation. 

FPGA does not look any different than a 
microprocessor in your computer. 

Microcontrollers and Microprocessors work on a 
fixed instruction set. Each instruction is fetched 
from the RAM (memory) and executed in a series 
of steps. Depending on the instruction, a minimum 
of one clock cycle is utilized. In simpler words, each 
instruction takes a fixed duration of time to finish 
executing. This time for each instruction depends 
on what speed we are running the processor or the 
controller at. The processor in our computer or in 
our smartphone might be running on a clock speed 
of upwards of 1GHz. 

Therefore, as we can see in case of microcontrollers 
and microprocessors, we cannot execute more than 
one instruction simultaneously. Thus, we are severely 
limited when it comes to doing parallel tasks. 

While in an FPGA, we have all the digital logic 
elements required to build our own logic circuit. The 
modern FPGAs are so well designed, we can even 
“describe” and replicate an Intel microprocessor. 

What I meant to say is that, FPGAs come with all 
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the required digital elements that can be used to 
build anything digital and that includes possibility of 
writing code to implement an Intel microprocessor 
on the FPGA using the available logic elements. The 
processors built on FPGA are known as softcore 
processors. It is not just a possibility, many engineers 

have done it already while sitting at the comfort 
of their own homes or at their work place. Do not 
be mistaken to think that they have replaced the 
“hardcore”Intel processors in their computers 
with FPGA based softcore processor. [1]Softcore 
processors have their own applications in the world 
of electronics.  

I am sure, some of you may already be thinking in 
your mind, “Wow, we can build an Intel i7 on an 
FPGA, no need to buy one!” That is where you are 
mistaken. Intel processors are built on proprietary 
logic design that is very well optimized. We can only 
replicate its operational capabilities, but replicating 
the core architecture is virtually impossible. 

What’s inside FPGA?

A bunch of digital logic elements as I said earlier. Let 
us dive a little bit deeper into it. 

Figure 2 Simplified FPGA block diagram

As you can see in the Figure 2, there are a lot of small 
boxes inside the bigger box. These boxes are known 
as [2]Configurable Logic Blocks (CLBs). 

Each CLB contains a bunch of logic gates, some 
memory to store data, look up tables (which can 
be thought as small databases with very limited 
capacity) and some wires to connect everything 
together according to the program. 

A number of CLBs are connected to each other 
through a number of wires as shown in Figure 3. 
Now, which element of the CLB gets connected to 
what is all is determined by the code you write and 
the switching action is implemented by the Switch 
matrix. The switch matrix is in fact multiple CMOS 
switches which connect wires just like we turn on 
and off the switches in our homes. 

Figure 3A bunch of Configurable logic blocks (CLBs) 
interconnected with each other through switch 

matrices

Along with CLBs there are so many other supporting 
blocks such as the DSP block that has capabilities 
to do floating point multiplication and division. DSP 
block also contains signal processing structures such 
as FIR cascade, parallel, direct form, etc. 

The Figure 4 on the next page shows an extremely 
simplified block diagram of a single [3] DSP slice in 
Spartan 6 FPGA. The A, B, C, D inputs on the left side 
are the input data buses to the DSP block, whereas 
P is the output indicated on the extreme right side. 
25x18 multiplier indicates that there are 25, 18 bit 

  FACT:

  Latest generation of Intel processors are built using 
10 nanometer technology where each transistor is 

10nm wide. In addition to that they also     
   implement 3D transistor technology which has 

   not yet been implemented on FPGAs. 
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multipliers inside the DSP block. 18 bit because every 
data is processed in binary form and the input word 
must be at the most 18 bits in length. 18 bit by 18 
bit multiplication results in a huge numbers and it is 
quite helpful in dealing with floating point and fixed 
point arithmetic. 

Figure 4Digital signal processor logic block inside 
Spartan 6 FPGA

PROCEED TO NEXT PAGE 

Figure 5Floor Plan for the FPGA in PlanAhead tool 
for FPGA indicating various blocks

I feel that after just scratching the surface of what 
is FPGA and what might be going on inside, it is the 
right time to see what an FPGA might actually look 
like on the whole. A bird’s view is possible in one 
of the FPGA planning and designing tool called [4] 
PlanAhead. It gives detailed overview of what CLBs 

are used up, how many wires are being used, what 
is the length of the wires connecting the CLBs and 
so on.

Analyzing PlanAheadFloorplan in Figure 5

Clock Management/Distribution/Generation

Right through the center of the FPGA floor there is 
a thin orange block going vertically straight up. It is 
labelled as Clock management Tile block. Clock is 
simply a square wave as show in Figure 6. 

Figure 6 Example of clock signal

All the actions inside the FPGA happen only at the 
rising edge of the clock pulse or the falling edge of 
the clock pulse. Clock is the most important signal 
inside FPGA because all your logic is synchronized at 
the rising or falling edge of the clock. If your clock 
is not stable and it keeps shifting in time, then your 
logic would also do the same. At times, an unstable 
clock or a jittery clock can cause malfunction in 
your design. To prevent this from happening, Clock 
signal is given a dedicated path which is known as 
the Global clock distribution route. In reality, there 
isn’t just one clock route, but several because there 
is possibility to have one logic section operating at 
50MHz clock frequency while other might be running 
at 15MHz clock. 

Just as everything else, the Global clocking 
infrastructure inside an FPGA is quite complex just 
like everything else. 

Figure 7 simply shows the basic block diagram of 
the clock generation, distribution and management 
infrastructure provided inside Spartan 6 FPGA. 
Just as the image depicts, the clock management/
generation and distribution is located at the center 
of the FPGA so that the clock routes can be efficiently 
distributed on both sides with minimum difference in 
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the signal going on the left and right. 

Figure 7 Clock distribution and generation 
infrastructure inside FPGA

Block RAM and memory controller

Memory is needed by a lot of applications. There is 
quite a lot of block memory available for use and it 
is located near every CLB for quick access in shortest 
amount of time. This is indicated by all the pink blocks 
as shown in Figure 6. 

Each block has a capacity of 9Kilobytes or it could be 
different for some other FPGA chip. 

Memory is in the form of cells. Each cell might store 
8 bits, 4 bits or any width of data. In order to access 
each cell, they need to be addressed and that task 
is done by the memory controller. There are indeed 
other tasks such as managing which block of memory 
to access, temporarily store the data and as such. 

DSP Block

We use digital circuits to process digital data and 
that involves doing a lot of mathematics. Building 
arithmetic logic through code is quite cumbersome 
and consumes a lot of resources on the chip, 
therefore, several DSP slices are provided which give 
ability to do math in shortest possible time and saves 
a lot of resources. We discussed the DSP block before. 
Note how the DSP block is located close to the Block 
RAM, this is to gain quick access to the data to be 
processed. Keeping the DSP block far from the RAM 

will consume time because the data has to travel a 
longer distance and slow down everything else that 
depends on DSP.

IOB

IOB stands for Input output block and this is where 
the internal logic of your FPGA comes in contact 
with outer world. IO pins connect to external devices 
such as additional DDR (double data rate) memory 
for storing large amounts of data, interfacing crystal 
oscillators for clock signal or even taking input signals 
that drive the internal logic that you have built. The 
possibilities are endless and it all depends on the 
application you are designing. The IOB takes care 
of maintaining the driving capacity in case an IO pin 
is configured in output put. This driving capacity 
is known as the fan out capacity. IOB also allows 
designer to choose a fast IO pin or a slow IO pin 
depending on the task. 

GTP Transceivers

These are the fastest logic blocks in the entire FPGA. 
They are usually used for Ethernet, SATA or some 
sort of serial communication. GTP transceivers can 
operate at speeds up to 12 Gb/s. GTP transceivers 
are especially useful for optical communication and 
high bandwidth communication links and they also 
find their use inside high speed network routers. 

[6] GTP is a proprietary naming scheme, you may also 
come across GTX transceivers which are same. GTP/
GTX/GTH/GTYare simply naming schemes by Xilinx 

  FACT:

Electrical signals take finite amount of time to travel 
from one point to other. Signals travel at speed of 
165picoseconds/inch [5] and we cannot do anything 
about that unless we opt for a different technology 

such as photonics which is still evolving.

In order to increase the speed of operation of your 
design, having your stuff closer to each other is the 
best option and hence, the reason for electronic 

chips to become smaller every generation.
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Company which designs FPGAs. 

Conclusion

With this, we have simply scratched the surface of 
a general FPGA. You can find hundreds of pages of 
information just on each small block we have described 
because they are so complex. Xilinx, the FPGA 
manufacturer does not provide just one datasheet 
but instead they break down their datasheets into 
individual documents that describe function of each 
block. In addition to that, the software that is used to 
generate code for FPGA implements highly complex 
optimization algorithms that make sure minimum 
amount of resources are utilized inside the FPGA to 
implement the logic you want the FPGA to perform. 
If you find FPGA to be too complex, then there is 

CPLD; Complex programmable Logic Device which is 
a little less complex than the FPGA! 
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Digital Electronics
Part - VII
Digital Counters

- Prof. K.Y. Rajput
E-mail: rajputky9@rediffmail.com

Abstract: 

Everyone of us use digital devices such as desk top 
computer, Lap top computer, mobiles, ipod, ipad,and 
so on but very few know base of these devices i.e. 
digital electronics. Through series of articles in this 
and subsequent volumes we shall present this very 
useful topic for common user.  

This paper is therefore Seventh  paperin this series 
of digital electronics i.e. counters can be constructed 
using Flip Flops and are further used in more 
complex digital circuits .  There are different types  of 
Counters but they are nomenclature  depending on 
the maximum number of input pulse or events that 
are needed to be counted i.e. MODULO-N or simply 
MOD-N where N stands for number of maximum 
number of pulses that can be counted. For example, 
MOD-16 counter  means this can count maximum 
16 input pulses.  This paper thus presents ways and 
means to design COUNTERS, their truth tables and 
their working and is based on the information that is 
obtained from open source.

1. Introduction:

In last article  of this journal we studied different 
types of flip flops such as RS-FF, JK-FF, D-FF etc. These 
Flip Flops  can be further used to design different 
types of counters. 

Counter  is a digital circuit which has n number of 
flip flops connected in series or in parallel. Serial 
or Asynchronous means out put of first flip flop is 
connected to clock input of next flip flop. In Parallel 
or Synchronous Counter Clock input of all flip flops is 

connected together therefore output of all flip flops 
changes at a time in parallel.

There are different ways of classifications of Counters:

• Asynchronous (ripple)or Serial  counter
• Synchronous or Parallel counter 
• Decade counter – counts through ten states per 

stage
• Up/down counter – counts both up and down, 

under command of a control input
• Ring counter – formed by a shift register with 

feedback connection in a ring
• Johnson counter – a twisted ring counter
• Cascaded counter
• Modulus counter.

In this article we shall be discussing some of the 
above types so that the reader can understand the 
concept of digital counters.

2. Digital Counter:

As shown in figure 1 digital counter is a pulse counter 
which has one input terminal where an input digital 
pulse (typically 0 to 5 volts)  and the counted number 
of pulses are displayed in LED or LCD Display. 
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Fig.1 Digital Counter

There are number of stages between input terminal 
and final output on display. Next Figure no. 2 shows 
Block Diagram of Digital Counter. 

Fig. 2. Block diagram of Digital Counter

First block in this block diagram is a N-Bit Counter 
which can be any one of the above type. This block 
will convert input pulse into a Binary output of N-Bit. 
The output of this block is given to next block LED 
or LCD interface which converts this the binary input 
into a seven segment format for LED display. Finally 
the output of Interface block is fed to LED display. In 
case of LCD display respective circuits are used. 

In this article we shall discuss the different types of 
Counters used in the first block in detail.

3.  Mod-4 Counter:

For Designing this Mod-N simplest counter we need 
n flip flops where N= 2n . Thus for Mod- 4 counters 
we need 2 Flip flops.The circuit diagram for Mod-4 
serial or asynchronous counter is shown in fig.3.

Fig. 3 Serial Mod-4 Counter

It uses two JK Flip flops whose JK inputs are connected 
to Vcc or Logic 1. As per truth table of JK-FF, When 
both J and K inputs are at logic 1, the out Q toggles 
on every input pulse. Therefore assuming that initial 
state of Counter is with Q1,Q0 = 0 0, when first pulse 
appears going from (logic 1 to logic 0)  on clock input 
of first JK-FF, its out put Q0 toggles from 0 to 1.Since 
both the FFs are having negative edge clock, this 
change in output of first FF whose output drives clock 
of next FF, has no change on output of this second FF. 
Thus at the end of first clock pulse the out state of 
Counter isQ1,Q0 = 0 1.

On second pulse falling edge, initial state of counter 
being Q1,Q0 = 0 1, First FF0 toggles again and its 
output Q0 changes from 1 to 0, and this change of 
Q0 as it is given to clock input of FF-1, its output Q1 
changes from 0 to 1. Thus at the end of second Clock 
pulse the state of Counter is Q1,Q0 = 1 0.

On third pulse falling edge, initial state of counter 
being Q1,Q0 = 1 0, First FF0 toggles again and its 
output Q0 changes from 0 to 1, and this change of Q0 
as it is given to clock input of FF-1, its output Q1 does 
not change from 1. Thus at the end of third Clock 
pulse the state of Counter is Q1,Q0 = 1 1.

Thus on advance of input clock pulse from 0 to 3 
the Counter output changes from 0 ( Binary 00 ) to 
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3 (Binary 11).

Now it would be interesting to know what happens 
when next that is fourth pulse occurs at Clock input. 
On fourth pulse falling edge, initial state of counter 
being Q1,Q0 = 1 1, First FF0 toggles again and its 
output Q0 changes from 1 to 0, and this change of 
Q0 as it is given to clock input of FF-1, its output Q1  
changes from 1 to 0 . Thus at the end of third Clock 
pulse the state of Counter is Q1,Q0 = 0 0.

Table 1 shows truth table for this 2 bit Binary or Mod-
4 counter. 

Clock No. Q1(B) Q0(A)
0 0 0 Initial State
1 0 1
2 1 0
3 1 1 Final State
4 0 0 Initial State

Table 1 Truth table of Mod-4 Counter

Output      00       01         10       11       00
Fig.4 Wave forms for Mod-4 Counter.

The operation of Mod-4 also can be also explained 
from waveforms shown in fig.4.

4. Mod-16 Serial (Asynchronous) Counter:

Mod-4 Serial Counter discussed above can be 
upgraded to Mod-8 Counter by simply adding one 
more JK-FF from right side of Fig.3. Thus if n is number 
of FFs in a counter it can be considered as MOD-N 
Counter where N= 2n

In the similar way we can construct Mod-16, Mod-32, 
Mod-64 Counters using 4,5,6  JK-FFs respectively.
Fig. 5 shows a circuit diagram for Mod-16 Serial 

Counter.

Fig.5 Mod-16 Serial Counter.

In above diagram we use 4 JK-FFs with additional 
feature of using JK-FFs with Preset and Clear inputs. 
Using Clear inputs we can reset entire Counter to its 
initial state of 0000. While Using the Counter can be 
made to start with a particular state between 0000 
to 1111. 

Also the additional NAND gate at the bottom of figure 
whose inputs are kept 1111 for Mod-16 counter.

Using this feature above counter can be converted 
any MOD-N where N can be from 0000 to 1111 by 
giving this input. 

4. Mod-10 Serial Counter:

Fig. 6. Mod-10 Counter
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As stated above we can convert Mod-16 counter 
into Mod-10 or a Decimal Counter which will reset 
on 10th clock pulse. This is achieved by giving four 
inputs of NAND gate  corresponding complement of 
binary state 1010 ( Decimal 10) : Binary output DCBA 
be converted to D   B  . Thus when counter reaches 
to state 1010, output of NAND gate becomes 0 and 
this output given to active low clear inputs of each 
JK-FFs, forces all the JK-FFs to reset to 0000. Thus 
Counter counts from 0000 to 1001
(Decimal 0 to 9) and hence functions as Decimal 
Counter.

4.1. Practical Asynchronous Decade Counter:

Fig. 7.  Practical Serial Counter

Output bit Pattern
Clock
Count

QD QC QB QA Decimal 
Value

1 0 0 0 0 0
2 0 0 0 1 1
3 0 0 1 0 2
4 0 0 1 1 3
5 0 1 0 0 4
6 0 1 0 1 5
7 0 1 1 0 6
8 0 1 1 1 7
9 1 0 0 0 8
10 1 0 0 1 9
11 Counter Resets its Outputs back to Zero

Table 2. Decade Counter Truth Table

As shown in fig 7, this type of asynchronous counter 
counts upwards on each trailing edge of the input 
clock signal starting from 0000 until it reaches an 
output 1001 (decimal 9). Both outputs QA and QD 
are now equal to logic “1”. One the application of the 
next clock pulse, the output from the 74LS10 NAND 
gate changes state from logic “1” to a logic “0” level.
As the output of the NAND gate is connected to the 
CLEAR ( CLR ) inputs of all the 74LS73 J-K Flip-flops, 
this signal causes all of the Q outputs to be reset back 
to binary 0000 on the count of 10. As outputs QA 
and QD are now both equal to logic “0” as the flip-
flop’s have just been reset, the output of the NAND 
gate returns back to a logic level “1” and the counter 
restarts again from 0000. Thus we  have a decade or 
Modulo-10 up-counter.

Fig.8 Decade Counter Timing Diagram

5. Synchronous or Parallel counter:

5.1. Four-Bit Modulo-16 D-Flipflop Counter :

Ripple counters discussed thus far in this chapter 
are asynchronous in nature as the different 
flipflops comprising the counter are not clocked 
simultaneously and in  
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Fig. 9 Mod-16 Synchronous Counter

As shown in Figure 9 Clock input of all FFs is connected 
together and given to the input clock. JK input of first 
FF is Connected to Logic 1 so it will toggle on every 
clock pulse. 

a) Considering initial state of counter as 
(QD,QC,QB,QA)=0000.

On occurrence of first Clock pulse FFA output QA 
toggle from 0 to 1. Since JK inputs of other FFs were 
0 when first clock occurred there is no change in their 
outputs. So the state of Counter is (QD,QC,QB,QA)= 
0001. 

b) On occurrence of second  Clock pulse FFA output 
QA toggle from 1 to 0. Since JK  input of second FFB is 
connected from output QA which was 1 when clock 
occurred, its out put toggles from 0 to 1. Since JK 
inputs of other FFs were 0 when first clock occurred 
there is no change in their outputs. So the state of 
Counter is (QD,QC,QB,QA)= 0010. 

c) On occurrence of third  Clock pulse FFA output QA 
toggle from 0 to 1. Though JK  input of second FFB is 
connected from output QA which was 1 when clock 
occurred, its out put does  toggles and remains 1 as 
JK inputs were 0 when Clock pulse occurred.  Since JK 
inputs of other FFs were 0 when first clock occurred 
there is no change in their outputs. So the state of 
Counter is (QD,QC,QB,QA)= 0011. 

d) On occurrence of fourth  clock pulse FFA output 
QA toggle from 1 to 0.  Since JK  input of second FFB 
is connected from output QA which was 1 when clock 

occurred, its out put toggles from 1 to 0.

Now since JK inputs of third FFC is connected from 2 
input AND gate  whose inputs QA and QB and when 
clock occurred both  were 1 so, output of this AND 
gate and hence JK input of FFC toggles from 0 to1.

So at end of fourth clock pulse state of counter is 
(QD,QC,QB,QA)= 0100.

e) The above sequence of repeats discussed in par 
a to c above repeats and we get states 0101, 0110, 
0111 for 5th,6th and 7th Clock pulse respectively.

f) On 8th Clock pulse First three FFs toggle from 1 to 
0 as their JK inputs were 1 when clock occurred.  JK 
input of 4th FFD is connected to another 2 input AND 
gate whose one input is taken from output of first 
AND driven from QA and QB, and other input from 
QC, output of this second AND gate will be 1 only 
when QA,QB and QC all are 1. This state is present 
when clock occurred. Thus output of second AND 
gate and thus JK inputs of  4th FFD is 1, and therefore 
it toggles from 0 to 1. 

So at end of 8th  clock pulse state of counter is 
(QD,QC,QB,QA)= 1000.

g) For 9th to 15th Clock pulses sequence repeats as 
per para a to e and State of Counter advances from 
1000 to 1111.

h) On 16th Pulse since JK inputs of all FFs are 1, all of 
them toggle from 1 to 0 and at end of this 16th clock 
pulse state of counter is (QD,QC,QB,QA)= 0000.
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Clock Pulse State of Counter
QD,QC,QB,QA

0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001
10 1010
11 1011
12 1100
13 1101
14 1110
15 1111

16(0) 0000

Table 3. Mod-16 Counter truth table

6. Counters in IC packages: 

Following are number of counters which are 
commercially available in the market readily available 
and can be used for various applications.

Number : Function:  Logic  family

• 7490 Decade counter TTL
• 7491 Eight-bit shift register (serial-in/serial-out) 

TTL
• 7493 Four-bit binary counter TTL
• 74160 BCD decade counter with asynchronous 

CLEAR TTL
• 74161 Four-bit binary counter with asynchronous 

CLEAR TTL
• 74162 BCD decade counter with synchronous 

CLEAR TTL
• 74163 Four-bit binary counter with synchronous 

CLEAR TTL
• 4164 Eight-bit shift register (serial-in/parallel-

out) TTL
• 74165 Eight-bit shift register (parallel-in/serial-

out)

• 74166 Eight-bit shift register (parallel-in/serial-
out) TTL

• 74178 Four-bit parallel access shift register TTL
• 74190 Presettable BCD decade UP/DOWN 

counter TTL
• 74191 Presettable four-bit binary UP/DOWN 

counter TTL
• 74192 Presettable BCD decade UP/DOWN 

counter TTL
• 74193 Presettable four-bit binary UP/DOWN 

counter TTL
• 74194 Four-bit right/left universal shift register 

TTL
• 74198 Eight-bit universal shift register (parallel-

in/parallel-out bidirectional) TTL
• 74199 Eight-bit universal shift register (parallel-

in/parallel-out bidirectional) TTL
• 74290 Decade counter TTL
• 74293 Four-bit binary counter TTL
• 74390 Dual decade counter TTL
• 74393 Dual four-bit binary counter TTL
• 4014 B Eight-bit static shift register CMOS
• (synchronous parallel or serial-in/serial-out)
• 4015 B Dual four-bit static shift register CMOS
• (serial-in/parallel-out)
• 4017 B Five-stage Johnson counter CMOS
• 4021 B Eght-bit static shift register CMOS
• (asynchronous parallel-in or synchronous serial-

in/serial-out)
• 4029 B Synchronous presettable four-bit UP/

DOWN counter CMOS
• 4035 B Four-bit universal shift register CMOS
• 40160 B Decade counter with asynchronous 

CLEAR CMOS
• 40161 B Binary counter with asynchronous CLEAR 

CMOS
• 40162 B Decade counter CMOS
• 40163 B Binary Counter CMOS
• 40192 B Presettable BCD UP/DOWN counter 

CMOS
• 40193 B Presettable Binary UP/DOWN counter 

CMOS
• 4510 B Presettable UP/DOWN BCD counter CMOS

7. Conclusion: 

This article thus represents different types of 
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counters using various flip flops and their working 
with truth tables. All this information will be useful 
to understand concept of digital counter and for  our 
further articles in the series of digital electronics. 
In next article, we shall present design of Shift 
Registers and Digital Memory Cells using the flip 
flops presented in this article. 
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Operational Amplifires
Part-I
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Abstract: 

In Electronics circuits, Amplifiers play very important 
role of increasing magnitude of a small signal 
typically from microvolts to millivolts and millivolts 
to Volts so that it can be applied to a load . Simple 
example of amplifier is audio amplifier which is 
used in Radio, Tape recorders,CD players  where 
an audio signal either picked up by an antenna or 
stored in magnetic tape or in Compact Disc(CD) 
is a small electrical signal is amplified by means 
of an amplifier in stages and applied to a speaker 
having low resistance. Initially these amplifiers were 
designed using discrete components using Bipolar 
junction transistor BJT or Field Effect Transistor 
FET, resistors,diodes and capacitors. Thus to realise 
these circuits large size printed circuits boards (PCB) 
were used. These amplifiers were not only large in 
size but also consuming more power. Thus it was 
required to obtain an integrated circuit(IC)  to realise 
these amplifiers. The Operational Amplifiers(OP 
AMPs) were thus outcome of new technology which 
included a complex circuit to amplify a signal as well 
as to carry out mathematical operations such as 
addition, subtraction, integration, differentiation, 
comparator. This article is first in this series of articles 
and will discuss the basics of operational Amplifiers 
and subsequent volumes we shall present block 
diagram and applications of  OP-AMPs based on the 
information obtained from open source.

1. Introduction:

OPERATIONAL AMPLIFIER (OP AMP) is a direct coupled 
high gain amplifier to which feedback is added to 
control its overall response characteristics. It is used 

for various linear and nonlinear functions(operations) 
therefore refereed as analog integrated circuits. 
The integrated OP AMP is popular as versatile, 
predictable, and economic system building block. Its 
advantages are small size, high reliability, reduced 
cost, temperature tracking, and low offset voltage 
and current.

2. THE BASIC OP AMP:

Fig 1 shows a schematic diagram of OP AMP , Fig 
1b shows its equivalent circuit. Generally an OP 
AMP two differential inputs,V1 and V2 called as Non 
inverting and Inverting terminals respectively. It has 
single output Vo .

Fig 1.Basic OpAmp.

Fig.2 Equivalent Circuit of OP-AMP
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Fig 1 shows equivalent circuit diagram of OP-AMP. In 
fact actual circuit inside OP-AMP is very complex, but 
to analyse the OP-AMP when it is used in application 
this equivalent circuit is used. It consists of Input 
stage to which an input voltage Vi is applied and 
having  resistance denoted as Ri, which is normally 
very high of the order of Mohms. The output stage 
is represented by an voltage source Av.Vi, where 
Av represents open loop voltage gain and Vi is the 
input voltage Vi followed by Ro the output resistance 
which is normally very low of the order of few ohms. 
RL is external load resistance. 

3. OP-AMP 741: 

This is most popular and basic OP-AMP with wide 
range applications. Fig. 3 shows pin diagram of OP-
AMP 741. It consists of 8 pins. Pin no.1 and 5 are 
used for Offset Null.Pin 7 and 4 are used to apply DC 
voltage source +Vcc and –Vcc respectively. Pin 2 and 
3 are Inverting and Non inverting Inputs respectively. 
Pin 6 is output terminal.
Next fig. 4 shows  actual photo of IC and Fig. 5 shows 
circuit diagram of IC 741, from which we can see that 
such a complex circuit is realised in a small package 
of 5 mm size. 

Fig.4 Pin Diagram of IC 741.

Fig. 5 Dual Input Package (DIP) of IC 741

Fig.6 Internal Circuit diagram of IC 741. 

Table 1.Specifications of IC 741.

4. OP-AMP PARAMETERS:

4.1 INPUT OFFSET VOLTAGE ,Vio : 
It is the voltage that must be applied to the two input 
terminals of an OPAMP to null the output( to make  
output zero volts) as show in fig 2.

Here Vdc1 and Vdc2  are the two DC sources and Rs 
represent the source resistance. The Input Offset 
voltage is denoted by Vio and it could be positive 
or negative. For 741C its typicl value is 6 mV dc. The 
value of Vio must as small as possible. Larger value 
of Vio will add an error in the output when OPAMP is 
used as DC amplifier/application. Precision op-amp  
714C has Vio= 150 uV.     
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Fig. 7a.Circuit to nullify Input OFFSET voltage.

4.2 INPUT OFFSET CURRENT ,Iio:  
It is defined as algebraic difference  between the 
two bias currents flowing into the inverting and non 
inverting terminals. As shown in fig 3    IB1 is current 
into inverting terminal and  IB2 is current into non 
inverting terminal. Typical value of Iio for 741C is 200 
nA maximum, for Precision 714 it is 6nA. Again Iio 
shall be minimum for good OP-AMP. The bias current 
in the two input is due to Leakage current flowing 
from collector to base  of Two transistor  forming 
Difference Amplifier at input stage of OP-AMP. 
Iio=  | IB1 – IB2 |                   

Fig. 8 Defining Input Bias Current and Input Bias 
Current

4.3 Input Bias Current: IB :
It is defined as average as of two bias currents IB1and  
IB2 respectively into inverting and non inverting 
input terminals.

  IB = (IB1 + IB2 )/2

IB  = 500 nA maximum for 741C, is +/- 7nA for precision 

714. IB1and  IB2 are actually the  base currents of 
input transistor of difference amp in OPAMP.

4.4 Differential Input Resistance :Ri :  
It is the equivalent resistance that can be measured 
either inverting or non inverting terminal with other 
terminal grounded. For 741C  Ri = 2 Mohms, for FET 
input OPAMPs like Ri = 1000 Gohms for uA F771.

4.5 Input Capacitance: 
It is the equivalent capacitance that can be measured 
either inverting or non inverting terminal with other 
terminal grounded.
For 741C  Ci = 1.4 pF.

4.6. Offset Voltage Adjustment Range: 
It is possible to adjust the offset Voltage to zero by 
an external  negative biasing between terminal no. 1 
and 5 in case of 741C as shown  in fig.9

Fig 9.Alternate Circuit to nullify OFFSET voltage.

4.7 Input Voltage Range:
When the same voltage is applied to both the 
terminals, the voltage is called a common mode 
voltage Vcm  and the OPAMP is said to be operating 
in  common mode configuration. For the 741C the 
range of input common mode voltage applied to 
both the inputs can be +/- 13 volts.  The common 
mode configuration is used only for test purpose to 
find the degree of matching between Inverting and 
Non Inverting terminals.

4.8 Common Mode Rejection Ratio (CMRR):  
It is defined as ratio of Differential voltage gain Ad to 
common mode voltage gain Acm;

 CMRR = Ad / Acm



24 The Exponent Group of Journals For Electronics, Volume 3, Number 4, Sep 2015 - Nov 2015

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

Where the Differential voltage gain Ad is defined as 
the ratio of Output voltage Vo to the differential input 
voltage Vid and the  common mode voltage gain Acm  
is defined as the ratio of Output voltage Vocm  to the 
common mode  input voltage Vcm;

Fig 10 Common mode Configuration.

Differential voltage gain, 
Ad = Vo/ Vid

Common mode voltage gain 
Acm = Vocm / Vcm .

Generally Ad is very large  andAcm is very small , thus 
CMRR is  very large.
CMRR is normally expressed in dB (decibels) 20 log 
CMRR.
Typical value of CMRR is 90 dB for 741C.
Typical value of CMRR is 120 dB for 714C.
 Higher value of CMRR represents better matching of 
two input terminals. 

4.9. Output Resistance Ro :
It is the equivalent   resistance that can be measured 
between the output and ground . It is 75 ohms for 
741 C. It shall be as small as possible.

4.10.Output short circuit current (Isc):  
An output should not be shorted to ground, however 
in case it is shorted  a large current would be drawn 
from the output damaging the opamp.  To avoid this 
problem the OPAMPs such as 741C are provided with 
output short circuit protection which limits the short 
circuit current to 25 mA. 

4.11.Supply Current (Is) :

It is current drawn by OPAMp from +/- Vcc the supply 
Voltage under normal condition, represents a current 
required to drive internal circuit of OPAMP. For 741C 
it is 2.8 mA.

4.12.Power consumption: 
It is the amount of quiescent power (Vin = 0 V) that 
must bt consumed by OPAMP for proper operation. 
It is 85 mW for 741C.

4.13. Slew Rate (SR):  
It is defined as the maximum rate of change of output 
voltage per unit of time and is expressed in volts per   

Sec.

Slew Rate (SR) = dVo/ dt  |maximum     V/uS

Slew Rate represents how fast an OPAMP can respond 
to changes in input frequency . Slew Rate changes 
with gain and normally defined at UNITY gain. Slew 
Rate of OPAMP is fixed , thus when it is operated at 
higher rate it results in distortion in output.

For 741C Slew Rate is 0.5 V/uSec. This puts limit on 
maximum operating frequency. 

For newer OPAMPs LF351,uAF771 and MC34001 it is 
13 V/uSec. For high speed OPAMP like LM318 it is 70 
V/uSec.

Gain band width product (GB): It is the bandwidth 
of OPAMP when the voltage gain is 1. For 741C it is 
found to be 1 MHz. Thus if OPAMP is used for higher 
gain it would be at the cost of reduction in bandwidth.   
Gain band width product is also known as Unity Gain 
band width or Closed  Gain band width . For newer 
OPAMP LF351 and MC34001 its value is 4 MHz.

5. IDEAL OP-AMP:

An ideal OP-AMP is suppose to have following 
electrical characteristics:

1. Infinite Voltage Gain Ad = infinity.
2. Infinite input resistance Ri, so that any signal 

source can drive it with out loading.
3. Zero output resistance Ro so that  it can drive 
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infinite number of other devices.
4. Zero output voltage for zero input voltage. Or Vio 

= 0 V, Vooffset =0 V.
5. Infinite Bandwidth so that signal with frequency 

zero  to infinity can be amplified without 
attenuation.

6. Infinite CMRR so that output common mode 
noise voltage is zero.

7. Infinite Slew rate so that output voltage changes 
instantaneously with the input voltage change.

For  a good practical OPAMP , amongst the parameters 
which are suppose to be zero for ideal OPAMP, they 
shall smallest, and the once which are suppose to be 
infinity , they shall be largest possible.

6. Conclusion: 

This article thus represents basics of OPERATIONAL 
AMPLIFIER with special reference to IC 741 including 
equivalent circuit, practical information, parameters 
and their values. It further discusses Ideal OP-AMP 
characteristics. This information presented here will 
be useful the readers and will be followed by Block 
diagram, linear and non linear applications of OP-
AMPs in subsequent volumes.

7. References:
1. Operational Amplifiers by Ramakant A. Gaikwad.
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Introduction to Telemedicine 
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Abstract:

This paper provides the application of engineering 
science and technology to problems arising in 
medicine and biology.

Intersections between engineering disciplines
• electrical, mechanical, chemical,…
• with each discipline in medicine, such as
• cardiology, pathology, neurology, …
• biology
• biochemistry, pharmacology,
• molecular biology, cell biology, …
Key words- Biomedical Engineering, Electronics & 
Biomedical future.

1. Introduction 

1.1 Introduction to Medical Equipment

Late 19th and Early 20th centuriesmeasuring and 
recording bio potential
Electro surgery (incisions by resistive heating) Heart 
stimulation (defibrillator and  pacemaker) X-Ray  
(Rontgen 1895) Electronic Acquisition of  radiographic 
data 

Radionuclides (1948:iodine, thyroid
• Ultrasound
• MRI  
 – Principle and chemical application 1946, 
 – Applied in human 1980.
• Development of Electronics and computers made 

these technologies feasible.

1.2 Benefits of Telemedicine

1.2.1 BenefitstoPatients:

Access to specialized health care services to under-
served rural, semi-urban and remote areas,Access to 
expertise of Medical Specialists to a larger population 
without physical referral, Reduced visits to specialty 
hospitals for long term follow-up care for the aged 
and terminally ill patients.

1.2.2. BenefitstoPatients:

Access to specialized health care services to under-
served rural, semi-urban and remote areas,Access to 
expertise of Medical Specialists to a larger population 
without physical referral, Reduced visits to specialty 
hospitals for long term follow-up care for the aged 
and terminally ill patients.

1. Telemedicine : The Model
 
Fig 1.Telemedicine

2. Introduction to Telemedicine & Applications

It is the technology of electronics & medical for the  
use of electronic information and communications 
technologies to provide and support health care 
when distance separates the participants.The 
evidence suggests that the conceptdates to 1924.  
It is the application of engineering techniques and 
analyses to problem-solving in medicine and the 
biomedical sciences

3. When do we use telemedicine?
 
Fig 2 System Schematic Block diagram of Telemedicine



27The Exponent Group of Journals For Electronics, Volume 3, Number 4, Sep 2015 - Nov 2015

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

4. INDIA – The Land Of Diversity  

Population of only  1.1 + billion, 28 States &  5 
union territoriesVast Population (80%) spread in 
inaccessible & remote areas (border areas) & remote 
islands in around 627,000 villages 8O % of super-
specialty live in big cities

Fig 3 The Indian healthcare system

5. The Indian healthcare system

• Predominantly government managed
• Three-tier hierarchical system of 
 – Primary, Secondary and tertiary healthcare
• ~ 23000 Primary Healthcare Centres (PHCs), 

3000 Community Healthcare Centres (CHCs) 
and 670 District Hospitals (DHs) as the major 
governmental healthcare delivery system 

• + Private institutions serving the population.

5.1 TeleMedicine in India

Agencies like  ISRO, Dept of IT, Railways, Few State 
governments, Private network by Apollo, AHF, AIMS, 
ESCORTS etc and   are also part of this movement   in 
their own capacity 

• Efforts by ISRO:
 – Space based Rural Development 
Programmes since 1990s 
 – Major thrust for TM as a special programme 
since 2001
 – Spearheading the Telemedicine Movement 
in India with the largest network and contineous 
improvement

Fig 4. Space for the Society 

6.  ISRO’s Initiative in Telemedicine
 
ISRO has done the unique innovation in the 
Telemedicine. ISRO initiated Telemedicine 
programme in 2001 as a special programme, for 
providing Telehealth to the un-served and the under-
served Set up Telemedicine Facilities in distant and 
rural of India to supplement the general healthcare 
infrastructure.

ISRO’s Telemedicine Program  
-  Thrust Areas

Providing Technology and Connectivity
• Remote/rural hospitals and  specialty hospital  
• Continuing Medical education (CME)  
• Mobile telemedicine units   
• Disaster Management Support (DMS)
• Integrating with Village Resource Centres (VRC) / 
information  kiosks for multiple services

7. Telemedicine Benefits and Challenges 

“It is an amazing invention, but who would ever 
want to use one”Market place reform/managed 
careShifting site of care Hospital>Clinic>Home

• Case Management/Team Care
• Improved communications between provider 

and patient
• Health care practices and affiliations
• Digital convergence
• Communication/Collaboration with specialists
• ER ‘front-line’ support
• CME/Life Long Learning
• aves time, travel to outreach clinics

8. Approach followed by ISRO

Proof of Concept - Technology Demonstration thru’ 
Pilot Projects in several states. Development of 
national standards and guidelines. Efforts to optimise 
the clinical requirements for evolving a suitable 
e-heath technology .Efforts to minimise the costs to 
bring in affordability and maximise the reach.

Encouraging new models and efforts like innovative 
insurance schemes. Integrating the healthcare 
administrators, planners, technologists and 
entrepreneurs and bringing all the stake holders to 
a common platform.Training and educating  users 
(doctors and patients) to create  interest in utilizing 
Telemed and eHealth tools . Developing Mobile 
healthcare system for reaching the doorsteps of the 
rural population.
9. Conclusion 
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ISRO to continue  leading Telemedicine efforts in India 
.Enhancing  awareness and  interest  among the stake 
holders.Introducing Telemedicine in an operational 
mode across the country.IntegratingSatCom 
and complementing technologies (wireless and 
Terrestrial) for seamless connectivity .Creation of 
web portal as a repository and knowledge base.Steps 
towards National eHealth policy formulation .Efforts 
to develop and encourage Telemedicine project in 
SAARC region. There is road map for future  in this 
field and India has done remarkable innovation in 
this field.This paper introduces about the basics of 
Telemedicine.Application pertaining to this will be 
published in the later series .
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Introduction to Swarm Intelligence Particle 
Swarm Optimization

- Dr. Vijay R.Rathod
E-mail: vicky7574@gmail.com

Abstract:

Swarm intelligence (SI) is an artificial intelligence 
technique based around the study of collective 
behavior in decentralized, self-organized systems. 
SI systems are typically made up of a population of 
simple agents interacting locally with one another and 
with their environment. Although there is normally 
no centralized control structure dictating how 
individual agents should behave, local interactions 
between such agents often lead to the emergence of 
global behavior. Examples of systems like this can be 
found in nature, including ant colonies, bird flocking, 
animal herding, bacteria molding and fish schooling 
(from Wikipedia).Key words- Biomedical Engineering, 
Electronics & Biomedical future.
Key Words :Swarm Intelligence .Introduction to PSO.

1.Introduction 
• Swarm Intelligence 
• Introduction to PSO 
• PSO real-world applications q PSO variants 
• PSO & PSO for optimization in dynamic 

environments 
• PSO for multiobjective optimization

2. Swarm Intelligence Introduction

Particle swarm optimization is a heuristic global 
optimization method put forward originally by 
Doctor Kennedy and E berhart in 1995(Kennedy 
J,Eberhart R,1995;Eberhart R,Kennedy J,1995) It 
is developed from swarm intelligence and is based 
on the research of bird and fish flock movement 
behavior. While searching for food, the birds are 
either scattered or go together before they locate the 
place where they can find the food. While the birds 
are searching for food from one place to another, 
there is always a bird that can smell the food very 
well, that is, the bird is perceptible of the place 

where the food can be found, having the better food 
resource information. Because they are transmitting 
the information, especially the good information at 
any time while searching the food from one place 
to another, conduced by the good information, the 
birds will eventually flock to the place where food 
can be found. As far as particle swam optimization 
algorithm is concerned, solution swam is compared 
to the bird swarm, the birds’ moving from one 
place to another is equal to the development of 
the solution swarm, good information is equal to 
the most optimist solution, and the food resource is 
equal to the most optimist solution during the whole 
course. The most optimist solution can be worked 
out in particle swarm optimization algorithm by the 
cooperation of each individual. The particle without 
quality and volume serves as each individual, and 
the simple behavioral pattern is regulated for each 
particle to show the complexity of the whole particle 
swarm. This algorithm can be used to work out the 
complex optimist problems. 

• Particle Swarm Optimization(PSO)
 - Proposed by James Kennedy & Russell   
 Eberhart in 1995
 - Inspired by social behavior of birds and   
 fishes
 - Combines self-experience with social   
 experience
 - Population-based optimization

  Fig 1.  Introduction to the PSO: Origins
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In 1986, Craig Reynolds described this process in 3 
simple behaviors:

Fig 2. Separation avoid crowding local flockmates

 Fig 3. Alignment move towards the average heading 
of local flockmates

Fig 4.Cohesion move toward the average position of 
local flockmates

• Uses a number of agents (particles) that 
constitute a swarm moving around in the search 
space looking for the best solution

• Each particle in search space adjusts its “flying” 
according to its own flying experience as well as 

the flying experience of other particles

Fig 5. Space for the Society 
• Collection of flying particles (swarm) - Changing 

solutions
• Search area - Possible solutions
• Movement towards a promising area to get the 

global optimum
• Each particle keeps track:
 - its best solution, personal best, pbest
 - the best value of any particle, global best,   
 gbest

3. Concept

Each particle adjusts its travelling speed dynamically 
corresponding to the flying experiences of itself and 
its colleagues

Each particle modifies its position according to:
• its current position
• its current velocity
• the distance between its current position and 

pbest
• the distance between its current position and 

gbest

Fig 6 Concept of PSO Algorithm



31The Exponent Group of Journals For Electronics, Volume 3, Number 4, Sep 2015 - Nov 2015

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

4. The basic idea

• Each particle is searching for the optimum 
• Each particle is moving and hence has a velocity.
• Each particle remembers the position it was in 

where it had its best result so far (its personal 
best)

• But this would not be much good on its own; 
particles need help in figuring out where to 
search.

4.1 The basic idea II

The particles in the swarm co-operate. They exchange 
information about what they’ve discovered in the 
places they have visited

The co-operation is very simple. In basic PSO  it is like 
this:
 – A particle has a neighbourhood associated  
 with it.
 – A particle knows the fitnesses of those in   
 its neighbourhood, and uses the position of   
 the one with best fitness.
 – This position is simply used to adjust the   
 particle’s velocity 

5. Swarm Intelligence From Natural to Artificial 
Systems

5.1 Swarming – The Definition

• aggregation of similar animals, generally cruising 
in the same direction

• Termites swarm to build colonies
• Birds swarm to find food
• Bees swarm to reproduce

5.2 Why do animals swarm?

• To forage better
• To migrate
• As a defense against predators
• Social Insects have survived for millions of years.

5.3 Swarming is Powerful

• Swarms can achieve things that an individual 
cannot

Fig 7. Swarm & Individual

6. Particle Swarm Optimization 

• Particle swarm optimization imitates human or 
insects social behavior.

• Individuals interact with one another while 
learning from their own experience, and gradually 
move towards the goal.

It is easily implemented and has proven both very 
effective and quick when applied to a diverse set of 
optimization problems.

Fig 8. Bird Flocking 

• Bird flocking is one of the best example of PSO in 
nature.

• One motive of the development of PSO was to 
model human social behavior.

6. Applications of PSO

• Neural networks like Human tumor analysis, 
Computer numerically controlled milling 
optimization;

• Ingredient mix optimization;
• Pressure vessel (design a container of compressed 

air, with many constraints).
• Basically all the above applications fall in a 

category of finding the global maxima of a 
continuous, discrete, or mixed search space, with 
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multiple local maxima.

7. The Present Research Situation of the Particle 
Swarm Optimization(PSO) Algorithm

The PSO method is based on swarm intelligence. The 
research on it is just at the beginning. Far from the 
Genetic algorithm (GA) and the simulated annealing 
(SA) approach, the POS has no systematical calculation 
method and it has no definite mathematic foundation. 
At present, the method can only be used successfully 
in the aspect of Evolutionary neural network, and 
its other applications are still being explored. By 
the national documents on it, the research on PSO 
concerns mainly the mathematic foundation and 
application research. The mathematic foundation 
includes the mechanical principle of PSO itself, the 
prove of its convergence and Robustness and etc. In 
the publicly published documents, there are fewer 
documents about the study on its mathematic 
foundation, the prove on the convergence and the 
estimate of the speed of the convergence has not 
been found., which demands the research on the 
PSO should be perfected; The application research 
involves continuing its advantages, overcoming its 
shortcomings and developing its application ranges. 
The study on PSO should be concentrated on the 
following :some modern technologies should be 
applied to PSO to design the improved PSO; PSO can 
be combined with the other intelligent optimization 
methods to design several compound optimization 
methods; PSO can be also led into scattering system, 
compound optimist system, non-coordinate system 
to develop PSO’s application ranges.\

7.1 Scope &Conclusion

• List of applications using SI growing fast
• Routing
• Controlling unmanned vehicles. 
• Satellite Image Classification
• Movie effects
• Provide heuristic to solve difficult problems 
• Has been applied to wide variety of applications

• Can be used in dynamic applications

8. Conclusion

The future world will be of full of Swarm Intelligence 
.This is the knowledge based article for the common 
man those who are interested in the Swarm 
intelligence & its applications, hence the open source 
material is used from the references mentioned in the 
reference section in order to increase the knowledge 
of common man in the society now a days it’s really 
important for society to know the advance research 
in the field PSO. References are cited in this article 
& material incorporated form the citation exclusively 
for the knowledge enhancement of common man in 
the civilized society.
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