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Antimatter

Shreya A N (1st year, ISE - SJCE)

Antimatter is something that has always interested me. 
I came across it while reading Dan Brown's “Angels and 
Demons”, found it to be fascinating and since then, I've 
constantly been in contact with this topic. Brown's novel 
gave rise to a lot of  questions, some of  whose answers 
I'm still looking for. The most basic one being – is there 
anything called antimatter in reality? Does it really exist?

 This article is all about the things I have learnt over a 
couple of  years, looking for answers to my questions. 
Let's start with – Yes, Antimatter exists.

In 1928, British physicist Paul Dirac wrote down an 
equation combining the quantum theory and the general 
theory of  relativity to describe the behaviour of  an 
electron moving at relativistic speed. The concept is 
simple: just as a quadratic equation of  the form x^2=9 
has two solutions, x=3 or x=-3, Dirac's equation too had 
two solutions, one for an electron with positive energy 
and one for an electron with negative energy. Dirac 
continued his study, in spite of  classical physics 
marching with a placard that read “Energy of  a particle 
must always be a positive number!” Interpreting his 
equation, he concluded that for every particle there 
exists a corresponding antiparticle. Dirac was awarded 
the Nobel Prize in 1933 for this equation of  his.

Every particle has an antiparticle with the same mass 
but opposite electric charge and spin. The proton has 
the negatively charged antiproton. The electron has the 
positively charged antielectron or positron. Even 
neutrons, which are neutral, have antiparticles. 

When matter meets antimatter, they immediately 
annihilate into energy. Theoretically, the Big Bang 
should have created equal amounts of  matter and 
antimatter. So, antimatter should have consumed all the 

matter instantaneously. None of  us should exist. But we 
do. Scientists owe the explanation to neutrinos and their 
hypothetical antiparticles, also called Majorana particles. 
Research is going on to discover the presence of  
Majorana neutrinos because it could explain why 
a n t i m a t t e r - m a t t e r  a s y m m e t r y  e x i s t s .                                                                                                                                     
Physicists hypothesize that Majorana neutrinos can 
either be heavy or light. The light ones exist today, and 
the heavy ones would have only existed right after the 
Big Bang. These heavy Majorana neutrinos would have 
decayed asymmetrically, leading to the tiny matter excess 
that allowed our universe to exist. Antimatter-matter 
annihilations have the potential to release a huge amount 
of  energy. A gram of  antimatter could produce an 
explosion the size of  a nuclear bomb. However, humans 
have produced only a tiny amount of  antimatter so far. 

Everything on earth is made up of  matter. If  scientists 
are producing antimatter, how on earth are they 
sustaining it? (Pun intended). Here is the thing: charged 
antimatter is held in devices called Penning traps. These 
traps make use of  magnetic and electric fields to keep 
the antimatter away from the walls. But Penning traps 
won't work on neutral antiparticles like antihydrogen. As 
these particles have no charge, electric field cannot be 
used to confine them. Instead, Loffe traps, which work 
by creating a region of  space where the magnetic field 
gets larger in all directions, are used.

Small amounts of  antimatter constantly rain down on 
the earth in the form of  cosmic rays and other energetic 
particles from space. Scientists have also seen evidence 
of  antimatter production above thunderstorms. Believe 
it or not, bananas produce antimatter, releasing one 
positron-the antimatter equivalent of  an electron-about 
every 75 minutes. Antimatter annihilates as soon as it 
comes in contact with matter, which is why these 
antimatter particles are very short-lived.

Antimatter is being used in medicine nowadays. PET 
(positron emission tomography) uses positrons to 
produce high-resolution images of  the human body. 
Scientists at CERN's ACE project have studied 
antimatter as a potential candidate for cancer therapy. 
Antimatter is a very popular fuel for futuristic vehicles in 
science fiction. Though it is hypothetically possible, the 
only major limitation is gathering enough antimatter to 
make it happen.   
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A Journey of  39 Light Years
Arpitha G R (2nd year, ECE - SJCE)

Can you guess what the name of  this article is 
suggesting? Well, let me explain. For many years, we 
human beings have been in search of  life outside our 
home planet. Fortunately, in the last few decades, we 
have been able to find the probability of  habitable land 
on the red planet, Mars. Now the question is whether 
there is life outside our solar system. Is there a star like 
our sun, which has planets around it and habitable land 
on it? Yes! Recently, we discovered such a cryptic 
planetary system - seven new worlds around Trappist-1.

NASA recently discovered seven new exo-planets 
(situated outside our solar system) around the star 
Trappist-1. Before starting our voyage to the seven 
earths, we will first explore this sun-like star. It is believed 
that it is 500 million years old. Being younger than our 
sun, it is 39 light years away from us and situated in the 
Aquarius constellation. This star is called an ultra-cool 
dwarf  since its surface temperature is under 4400 
degrees Fahrenheit and has around 8% of  the mass of  
the sun. Being twice as cold than the sun, Trappist-1 
emits mostly in the IR region (a part of  light spectrum 
that our eyes can't see). It is believed that in the early life 
of  the star (the first billion years), it cooled down, 
allowing nearby planets to become habitable.

You may be wondering how life can evolve and 
develop in a planet which is revolving around such a star. 
To get the warmth of  star, the planets are found to be 
situated 20 times close to it than we are from the sun. 
Hence, the orbital year of  the nearest planet is 1.5 days, 
while that of  the farthest one is 20 days. Among the 
seven planets, six inner planets are rocky and roughly 
have the same mass and comparable surface 
temperatures as earth. Three of  them may have liquid 
water and perhaps support life.

The next question that arises is how we were able to 
discover all this. In 2016, a Belgian telescope in Chile 
spotted 3 exo-planets. With the help of  the Spitzer space 
telescope and ESO's large telescope now we have 
spotted 4 more exo-planets. Spitzer telescope has found 
exo-solar planet temperature, rings around Saturn 100 
times larger than previously known, tiny Bucky ball 
molecules in space, and has produced a 360 degree IR 
panorama of  the Milky Way. The same telescope was 
used to identify these new planets. Our next step is to 
study the climate on those planets - the James Webb 
telescope launching in 2018 will be used for that.

So up until now, we were virtually in a possible new 
home - let's think about how to reach it. As we already 
know, it is 39 light years away from us - i.e it takes 39 years 
to reach there if  we travel at the speed of  light. 
Unfortunately, we presently don't have a spacecraft 
which can travel that fast. Over the years, humanity has 
already landed on the moon and successfully reached 
Pluto with the New Horizons spacecraft (the fastest 
spacecraft ever which can travel at 14.31 kms per 
second). Since we've made it possible to reach the end of  
our solar system, our next step will be reaching exo-
planets and sending humans there. Maybe in a few 
generations, mars and these exo-planets will be our new 
home. Never stop dreaming about the endless 
expanding universe!
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Tesla Coil

Tesla coil is an electrical resonant transformer circuit 
which can transmit electrical energy from source to load 
without the use of  conductors like wires or cables. This 
discovery by Nikola Tesla (best known for his 
contributions to alternating current power supply 
devices) is considered a breakthrough because it 
completely changed our understanding of  conductors, 
insulators, and power transmission. Early radio antennas 
and telegraphy used the invention, but variations of  the 
coil can also do things that are just plain cool — like 
shoot lightning bolts, send electric currents through the 
body, and create electron winds.

The discovery

Nikola Tesla discovered that when a high voltage 
circuit is opened or closed, a brief  pulse of  high voltage 
is created.  He also noticed that these pulses of  high 
voltage created discharges of  "something" that could be 
felt on the skin. At first he thought these discharges 
could be tiny particles of  physical matter, because in 
some of  his experiments he vaporized thin wires with 
these high voltage pulses. However, if  these discharges 

were composed of  matter, a physical barrier should stop 
them; but no such barrier could stop them. Next, he 
thought that these discharges were of  an electrical 
nature. However, even a shield composed of  a 
conductive metal would not stop them. Eventually, he 
produced a system where these impulses flowed across 
the surface of  two stout bars of  copper. By placing light 
bulbs between these bars, he could make them illuminate 
without any wires. The final step that resulted in the 
creation of  what we call a "Tesla Coil" was the placement 
of  a flat spiral coil of  wire between the two bars of  
copper. The two bars of  copper became a "primary" and 
the additional coil was considered the "secondary." The 
high voltage produced by the spark gap would flow up 
the primary and then be increased to an even higher 
voltage by the secondary. He would connect one end of  
the secondary winding to a ground and the other end to a 
sphere elevated above the setup. Voila! The "Tesla Coil" 
was born! Tesla used it to transmit information and 
power over long distances. In addition, he could transmit 
through any barrier, including Faraday cages (An 
enclosure made of  conductive materials which blocks 
electromagnetic fields)!

The concept behind the coil is actually fairly simple and 
makes use of  electromagnetic force and resonance. 
Employing copper wire and glass bottles, an amateur 
electrician can build a Tesla coil that can produce a 
quarter of  a million volts.

The Setup

A Tesla coil consists of  two parts: a primary coil and 
secondary coil, each with its own capacitor (which store 
electric energy just like batteries). The two coils and 
capacitors are connected by a spark gap — a gap of  air 
between two electrodes that generates the spark of  
electricity. An outside high-voltage power source hooked 
up to a transformer powers the whole system. A regular 
power source fed through a transformer can produce a 
current with the necessary power (at least thousands of  
volts). In this case, a transformer can convert the low 
voltage of  main power into the high voltage. Essentially, 
the Tesla coil is two open electric circuits connected to a 
spark gap.

Keerthi V (1st year, ISE - SJCE)
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How It Works

The power source is hooked up to the primary coil. The 
primary coil's capacitor acts like a sponge and soaks up 
the charge. The primary coil itself  must be able to 
withstand the massive charge and huge surges of  
current, so the coil is usually made out of  copper. 
Eventually, the capacitor builds up so much charge that it 
breaks down the air resistance in the spark gap. Then, 
similar to squeezing out a soaked sponge, the current 
flows out of  the capacitor down the primary coil and 
creates a magnetic field. This massive amount of  energy 
makes the magnetic field collapse quickly, and generates 
an electric current in the secondary coil. The voltage 
zipping through the air between the two coils creates 
sparks in the spark gap. The energy sloshes back and 
forth between the two coils several hundred times per 
second, and builds up in the secondary coil and 
capacitor. Eventually, the charge in the secondary 
capacitor becomes so high that it breaks free in a 
spectacular burst of  electric current. The resulting high-
frequency voltage can illuminate fluorescent bulbs 
several feet away with no electrical wire connection.

The signicance

Apart from the fact that it looks really cool, this simple 
circuit brought about some groundbreaking possibilities. 
It represented the first ever wireless transmission of  
energy which essentially led to wireless communication 
and so on!

Conventional transformers can't withstand the high 
frequency and high voltage that the looser coils in Tesla's 
invention can tolerate. Tesla used this circuit to perform 
experiments in wireless power transfer. 

Tesla coil circuits were used commercially in spark-gap 
radio transmitters for wireless telegraphy until the 1920s 
and in electrotherapy and pseudo-medical devices such 
as violet ray. Today, although small Tesla coils are used as 
leak detectors in scientific high vacuum systems and 
igniters in arc welders, their main use is entertainment 
and educational displays, Tesla coils are built by many 
high-voltage enthusiasts, research institutions, science 
museums, and independent experimenters.

If  you want to see music created by tesla coils (which 
pretty much looks like lightening creating sounds of  
different frequencies), go ahead and check out 
ArcAttack on YouTube.
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Nanobots
Can Engineers be the next Doctors?

We all have seen various kinds of  bots being built 
around us. We at IEEE-SJCE conduct our signature 
event “ROBOTICS” which focuses on building line 
following bots, edge detection bots, Dtmf  bots and 
many others. We also would have heard of  microbots like 
rescue bots, military bots. Or we would have seen them 
in movies like - GI Joe: Retaliation, Big Hero 6 to name a 
few. Now what if  I tell you that bots whose components 
at or near the scale of  a nanometre (10−9 meters) are 
being built. Sounds crazy right!?

More specifically, Nano robotics refers to the 
nanotechnology engineering discipline of  designing and 
building nanobots, with devices ranging in size from 
0.1–10 micrometres and constructed of  Nano scale or 
molecular components. The nanobot, nanoid, nanite, 
nanomachine, or nanomite have also been used to 
describe such devices currently under research and 
development.

The next question you will ask will be “how on earth do 
they build bots of  the size that is not even visible to the 
naked eye?”. A lot of  fascinating approaches are used. 
One of  the methods uses bacteria. But how?  
Electromagnetic fields normally control the motion of  
this bacterium which in turn is integrated on a silicon 
device. Chemists at the University of  Nebraska have 
created a humidity sensor by fusing a bacterium to a 
silicone computer chip. Another method is use of  
synthetic molecular motors. Synthetic molecular motors 
are molecules capable of  rotation under energy input. 
These motors have been shown to undergo machine-like 
motions when confined to the surface of  a macroscopic 
material. The surface anchored motors could potentially 

be used to move and position nanoscale materials on a 
surface in the manner of  a conveyor belt. Perplexed?? 
Lets see its applications.

Potential uses of  nanobots include Nano Medicine. 
Nanobots can be used in early diagnosis and targeted 
drug-delivery for cancer, surgery, pharmacokinetics, 
monitoring of  diabetes, and health care. Nano bots work 
at a molecular level. Imagine nanobots swimming in your 
blood looking for enemy cells to destroy! In a similar 
fashion, these nanobots detect cancer cells in a patient 
and destroy them. They can also be used in diagnosing 
cancer. Nanobots take a small sample of  blood from 
various parts of  the body and check for cancer cells. 
Nanobots can also be used in surgeries to repair various 
body parts.

They can reach parts that cannot be reached through 
conventional surgeries. These nanobots can be used in 
blood purification. Magnetic properties of  the nanobots 
help in removing toxins, pathogens from our body. 

All these tiny nanobots are being built by engineers. So 
will we replace the doctors and take up their jobs? Only 
engineers can tell! Richard Feynman had said nanobots 
“Swallow the surgeon”.  

A lot of  research is going on in making of  the 
nanobots. Trillions of  dollars are being invested in the 
field of  nano medicine. This technology has the power 
to revolutionize the world. People's perception about the 
things around them will change for sure.

Sushruth N (3rd year, ECE - SJCE)
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Low Power Energy Harvesting using Piezo 
and Wind Energy

Technical paper authored by:
Bipin.S       Meghana K Urs       Mr. Puneet Sharma      Dr. Vijay Mishra

Systems Engineering Facility (SysEF), Centre for Nano Science and Engineering (CeNSE), 
Indian Institute of  Science, Bangalore

Energy harvesting technique involves circuits designed 
in such a way that maximum energy can be tapped from 
generating sources which are a waste otherwise. Energy 
in this project is harvested from exhausts that run 
throughout the day. An optimum design of  a system can 
be done in which the vibrational energy and the wind 
energy of  the exhaust can be harvested. The vibrations 
can induce AC voltage generation and so can the wind 
energy. An efficient load to store the energy outflow is 
also built and tested so that a user friendly discharge 
outlet can be devised. 

To harness energy that is being wasted 
otherwise

The application has been developed to help efficiently 
harvest energy from low power machines such as 
exhaust fans and AC ducts. 

The energy thus generated is sufficient enough to 
charge electronic devices such as Mobile phones, power 
banks, or other rechargeable batteries

Piezo modules are used to harvest the vibratory energy 
of  the AC ducts and utilize this energy for low energy 
applications like room temperature regulators by using 
low power consuming micro-controllers and sensors.

The hardware and software used in this project are 
briefly described as follows:

A. Stepper motor

         A stepper motor contains huge number of  
magnetic tooth mounted on the stator and a shaft which 
acts as a rotor. According to Faraday's law change in 
magnetic flux induces an electromotive force. This 
principle is used to harvest wind energy from the exhaust 
which rotates the rotor of  the stepper thus introducing a 
change in magnetic flux linked to it, hereby inducing an 
emf.

B. Code Composer Studio (CCS)

         Code composer studio is an integrated 
development environment for TI microcontrollers. 

Energia is another platform that can be used for this 
purpose. But low power modes (LPM) of  MSP430 series 
are supported only by CCS.

C.  Supercapacitor

 Super capacitors have higher capacitance when 
compared to other capacitors. They have fast charge and 
discharge cycles. The energy harvested from piezo 
materials is used to charge these capacitors. It discharges 
after a particular voltage is reached to power up the 
microcontrollers and sensors.

D.  Low power microcontrollers

         Power generated by Piezo modules is very low. So 
any application that uses these modules should consume 
low power. Texas Instruments microcontrollers support 
low power modes. MSP430FR4133 is used since it 
supports many LPM modes, consumes few mA of  
current and works at 3.3V.

E.  LTC3588

 Power harvested from any source of  energy will be 
AC. For any application DC power is recommended. 
Instead of  using separate rectifier circuits, buck control 
and storage circuits, a single IC such as LTC3588 can be 
used. These are called Energy harvesting integrated 
circuits. They have high efficiency, therefore helpful in 
low power energy harvesting circuits. 

I.  DESIGN AND ANALYSIS

Wind energy harvesting

Wind energy through exhausts can be of  great use in 
generation of  ample amount of  power. In our project we 
are using it to charge phone and batteries. Fan blades trap 
the energy through the exhausts and this mechanical 
energy should be used to generate electrical power. Old 
PC fans can be used for this purpose by removing an IC 
which converts electrical to mechanical energy, since we 
are using opposite principle. But practically the power 
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output of  these fans is very low. Voltage generated might 
suffice the specifications but the current output is very 
low. To get the required amount of  power to charge a 
phone or a battery, stepper motors can be used. Phones 
when charged through a laptop or PC USB port 
consume 5V and 500mA of  current. So the setup used 
should be able to meet this specification.

Fan blade is mounted on the shaft of  the stepper 
motor using required mechanical setup. Each phase of  
the stepper is connected to the inputs of  the bridge 
rectifier circuit. When practically tested in front of  the 
exhaust of  wind speed around 10m/s each phase 
generates around 10V and 100mA of  current. Since a 
phone would need 5V, a step down voltage regulator 
should be used. We can also use buck convertors for this 
purpose. 

Since the stepper used has 2 phases, it can be 
connected in series which adds up voltage or in parallel 
which will add up the current outputs. Since we need the 
current to be added up, the two phases are connected in 
parallel. It is then given as input to the buck convertor 
which will supply a constant voltage of  5V as output. 
The output is given to the two pins Vcc and ground of  
the USB port to which a phone or power bank can be 
connected via micro USB cable. 

Charging of  phone was practically tested and is 
apparently slower when compared to normal charges. 
But efficiency can be increased by placing the setup in 
front of  faster exhausts with proper mechanical support 
and in precise angle. Current can be increased by 
connecting more number of  such models in parallel thus 
increasing the speed of  charging.

Bridge rectifier ICs cannot be used directly since they 
have more voltage drop thus decreasing the efficiency of  
the model. Hence rectifier circuit is made by connecting 
4 MBRS340 diodes in bridge configuration. These 
diodes also have lesser voltage drops and can withstand 
higher voltages thus increasing the efficiency of  the 
circuit.

Piezoelectric energy harvesting

Energy due to vibration can be harvested by using 
piezoelectric materials. The vibration causes change in 
stress and strain in the piezo material thus generating 
voltage and current. Current practically generated is in 
the range of  MicroAmps. LTC3588 IC is used for overall 
operations like rectification, storage, buck boost etc.

 In our project we are using MEAS piezo vibration 
sensors and PZT strips for generating power. These 
sensors are mounted on AC ducts which have pretty high 
vibration. The leads of  these sensors are given as input to 
the circuit containing LTC3588. 

4 such setups are cascaded to get the required voltage 
and current and further given as input to super capacitor 
hence charging it. The supercapacitor is charged up to 
3.3V or so which is enough to power up a low power 

microcontroller such as MSP430. Piezo module is used 
to setup a room temperature regulator. A temperature 
sensor TMP002 is used to measure the temperature 
conditions of  the room it is installed at. This data is given 
to the microcontroller which is then displayed on a LCD 
screen. The microcontroller will be in sleep mode all the 
time and switches on to active mode only when the super 
capacitor is charged up to a required voltage of  3.3V. The 
temperature sensor is also powered only during this 
interval of  time. 

Once powered the sensor will fetch data for few 
seconds and is again turned off. This is an efficient way to 
regulate temperature of  a place with very less power 
consumption. It can further be improvised to switch on 
heaters or coolers in a room depending on the prevailing 
temperature conditions. Larger power output can be 
generated by installing more number of  such sensors on 
all the ducts and connecting few in series and few in 
parallel to obtain the required amount of  power.
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IMPLEMENTATION RESULTS

This setup was tested by keeping the setup in front of  
an exhaust with a wind speed of  10m/s. The wind E-
Gen module could generate a voltage of  10V and 100-
150mA of  current from one phase. The experimental 
circuit was connected to a phone through a USB cable 
and was charged. Piezo modules were installed on the 
vibrating ducts for testing purpose and they generated 
low currents in the range of  few micro Amps and a 
voltage of  about 600-700mV, which charged the 
supercapacitor at a decent rate. Installation of  large 
number of  piezo modules will increase the current 
generated and thus the speed of  charging of  the super 
capacitor. 

I. FUTURE IMPROVEMENTS

More number of  already built modules can be set to 
harvest current in the range of  amps. This will increase 
the speed of  charging. Piezo modules can be used to set 
up a room temperature regulator which will check the 
temperature conditions of  the room and switches ON a 
cooler or a heater depending upon the prevailing 
conditions. On the contrary a small weather station can 
also be installed using these low power modules at a 
cheaper and more efficient way.

E-Gen modules were successfully tested by setting up 
test circuits in front of  exhaust. Wind module generated 
necessary amount of  power to charge phones and piezo 
modules could charge a super capacitor. Wind modules 
can be used to charge any battery with a voltage 
specification up to 9V.

                                      

The authors thank the System Engineering and 
Facilities, Centre for Nano Science and Engineering, 
Indian Institute of  Science, for the guidance, support 
and funding of  project during summer internship.
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The concept of  drones is not new to the present world. 
The earliest work on the unmanned aircraft predates the 
first flight demonstrated by the Wright brothers in 1903. 
Although the current generation of  drones is used for 
purposes like filming phenomenal movie scenes, 
delivering packages, scientific research, agricultural aid, 
they originated from a military need. The use and 
production of  drones accelerated during World War II. 
Drones were used to train antiaircraft gunners as well as 
to fly attack missions.

After Austria sent unmanned bomb-filled balloons to 
attack Venice in 1849, 

[1] initial UAV innovations in the early 1900s focused 
on providing target practice. Nikola Tesla visualized 
multiple miniature drones working together for war in 
1915. 

[2] The earliest attempt at a powered UAV was A.M. 
Low's “Aerial Target” in 

1916. 

[3] Nazi Germany was dependent on drones during the 
World War II, it produced and used various types of  
drones. The War of  Attrition (late 1960s) saw the first 
use of  UAVs with reconnaissance cameras for combat in 
the Middle East. 

[4] The US had been using UAVs in Vietnam too. In 
2013, at least 50 countries used UAVs. China, Iran, Israel 
and others designed and built their own varieties.

[5] The applications of  drones like reconnaissance, 
surveying, aerial warfare create some obvious 
requirements and parameters a given drone must fulfill 
to be fully feasible for operations. These include stability, 
physical strength, tracking accuracy, disaster 
management protocols, etc. To establish how these 
conditions are met, a look at the functions of  discreet 
subsystems constituting a drone is necessary.

CLASSIFICATION OF DRONES

Governments and international organizations make 
use of  multiple systems for classifying and categorizing 
UAVs. Usually these systems are weight of  takeoff, 

endurance, and operating range. The great diversity in 
the types and capabilities of  UAVs works against the 
establishment of  all-encompassing classification 
systems. Nevertheless, from a military standpoint, they 
may be broadly classified based on the missions they are 
suited for.

A. Small Drones

A1. Miniature drones are capable of  maximum takeoff  
weight of  10 kilograms. These can be launched manually 
by hand and have a maximum cruising altitude of  about 
500 feet above sea level. Some sophisticated drones 
support 20 kilograms takeoff  weight but require rockets 
or launch tubes for initial launch.

A2. Micro drones have fewer examples in the military 
but are almost perfect for Intelligence, Surveillance and 
Reconnaissance missions (ISR). These can initiate flight 
with a max of  2 kilograms as load which can be a limiting 
factor in some cases. But these specifications are the 
sweet spot for consumer grade drones used for civil, 
commercial and recreational purposes.

B. Medium Drones

Used exclusively in the militaries, these drones can 
cruise at an altitude of  18000 feet above sea level with a 
takeoff  weight of  150 to 160 kilograms. Their range of  
communication is beyond visual line-of-sight and is 
limited to radio line-of-sight. Hence, they are controlled 
by an operator on the ground and used for short term 
ISR missions as their endurance is only for a few hours.
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C. Large Drones

Typically defined as systems with a maximum takeoff  
weight of  about 600 kilograms, these are in operation 
only in the armed forces. These capable machines are 
often equipped for highly specialized missions, including 
long-term ISR and targeted strikes. A runway is required 
for the take-off  of  these heavy drones, communication 
with which can be maintained beyond the radio line-of-
sight by using satellites and ground stations.

DRONE SUBSYSTEMS

The typical UAV is made of  light composite material.  
The reduced weight increases manoeuvrability and flight 
speed.  Smooth flying is of  the utmost importance for 
the drone experience.

The following are the primary parts of  a micro drone 
which is mostly used for ISR missions. These parts are 
common to any Quadcopter found these days, including 
the commercial ones.  

A. The Propellers:

Props are the main propellers which move and 
maneuver the drones in air.

A1. Standard Propeller: 

The propellers are the front of  the drone. These 'pull' 
the drone forward through the air. 

A2. Pusher Propeller: 

The propellers at the back of  the drone. These 'push' 
the drone through the air. These contra-rotating props 
exactly cancel out motor torques during stationary level 
flight. Opposite pitch gives downdraft. The combined 
action of  the props allows the drone to fly freely in the 
air, often doing tricky air maneuvers. The propellers are 

made of  plastic. Military drones use carbon fiber 
technology, which is lighter and stronger.

B. Motors: 

UAVs use brushless motors. The brushless motors are 
more efficient, lighter, and quieter. The motors are 
powered by a Lithium-Polymer battery. However, large 
drones have used modified airplane engines as well, but 
airplane engines not used often.

C. Body and the Booms: 

The body is structured housing all the sensitive 
electronics and the battery, while providing the 
mechanical support required for the drone to fly and 
float in the air. The body of  the drone is made light, while 
not compromising on strength. The large body of  
military drones is made as aerodynamic and 'slippery' as 
possible, to avoid air resistance.

The booms are the arms on which props are mounted. 
The boom protrudes from the main body. Shorter 
booms increase manoeuvrability, while longer booms 
increase stability. Booms must be tough to hold up in a 
crash while interfering with prop downdraft as little as 
possible.  In many drones the boom is part of  the main 
body. 

D. Camera and Gimbal System: 

The drone gimbal is the pivoting mount that rotates 
about the X, Y, and Z axes to provide stabilization and 
pointing of  cameras or other sensors. Gimbal system has 
its own brushless motor, anti-vibration dampers, and 
IMU (Inertial Measurement Unit). GoPro or other 
compact high definition video unit with on-board 
storage are used to capture video footage and pictures.

E. Computer Systems: 

The computer system controls all aspects of  the drone. 
It keeps track of  flight and telemetry, positioning, 
communication with ground user, and the working of  
every part of  the UAV. It can be said that the electronics 
running the drone brings it to life. The computer system 
consists of:

E1. Electronic Speed Controllers (ESC): An 
electronic speed controller or ESC is an electronic circuit 
with the purpose to vary an electric motor's speed, its 
direction and possibly also to act as a dynamic brake. It 
converts DC battery power into 3-phase AC for driving 
brushless motors.

E2. Flight Systems: The flight controller interprets 
input from receiver, GPS module, battery monitor, IMU, 
and other on board sensors. It controls autopilot, 
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waypoints, follow me, failsafe, and many other 
autonomous functions. It is central to the whole 
functioning of  the UAV. It is the most complicated part 
of  the drone.

E2.1. GPS Module:    Often combines GPS receiver 
and magnetometer to provide latitude, longitude, 
elevation, and compass heading from a single device. 
GPS is an important requirement for waypoint 
navigation and many other autonomous flight modes. 
Without GPS, drones would have very limited uses. 
(GPS is the Global Positioning System, an American 
standard location and positioning system)

E2.2.  IMU: The Inertial Measurement Unit is a 
combination of  an accelerometer and gyroscope. It is a 
part of  the flight controller and it maneuvers and 
navigates the drone. 

E3. Antenna and Receiver:  UAVs are equipped with 
remote controlled radio transmission units. It 
communicates with the ground user using at least 4 
channels. Commercial drones are equipped with 5 
communication channels, for seamless communication. 
Military drones are equipped to communicate with 
satellites for long distance surveillance. 

COMMUNICATION SYSTEMS

Multiple cases of  the drones crashing leading to 
inoperability in the past have been vastly due to 
communication failure. The drone can operate 
autonomously for an unlimited amount of  time but it 
crashes if  it exhausts its fuel before the connection with 
the base is reestablished.

The best way to communicate with the drone at short 
d is tances  i s  defini te ly  Line of  S ight  (LOS) 
communication. It is simple in comparison and relatively 
inexpensive. All commercial drones use LOS 
communication. However, this method's range can be 
limited depending on the elevation of  a drone. Beyond 
the Line of  Sight, the military uses Communication and 
GPS satellites to receive and send back signals. Using the 
continuous feedback from the GPS, the military takes 
further action.

In spite of  such a system, failures are possible. Since 
the risk of  communication failure cannot be eliminated 
completely, drones are programmed for autonomous 
operation. 

The drone either - 

(1) flies around in circles so as to resume its mission 

after communication reestablishment or (2) it is 
programmed to return to base to avoid the risk of  the 
drone being captured by the enemy.

INDUSTRIES AND FUTURE SCOPE

Apart from the military use cases, drones are gaining 
popularity elsewhere. 

Numerous industries have embraced this technology 
to increase overall efficiency of  the system and maximise 
profits. General Electric monitors its power lines using 
drones. Railway industry does the same for regular 
reviews of  tracks. Not only can the money gained be 
substantial, the time saved creates room for extended 
projects. Revenue generation need not be put on hold for 
inspections.

Fleets of  drones “sharing a brain” can work together 
to accurately predict weather patterns. It would be an 
effective way to maintain agricultural fields and increase 
produce. Ocean Drones like those of  Liquid Robotics 
gather real time data useful for oil and mining industries.

Initial prototypes of  drones equipped with services 
like first-aid are already underway. It might be safe to 
expect drones in the health industry in the near future. 
Dubai's Transportation Agency recently revealed that 
it'll be unveiling people-carrying drones for 'regular 
operations' in the summer of  2017.

Now that drone technology has proved its usefulness 
in saving corporations' significant amounts of  money, 
increasing safety and efficiency, no wonder the 
technology is in high demand.

CONCLUSION

A well-established fact remains that Drone technology 
is here to stay. Never again in the future will there be 
lesser number of  drones we depend upon. Although 
commercial drones will require licenses to operate, 
military drones will continue to improve and be 
extensively used.

Although the next wars could employ drones in a 
higher level of  warfare, drones can undeniably prevent 
them too. Threats will be detected and eliminated before 
any damage is made. The prospects of  war are rather 
small. Nations will come together and contribute to 
mutual scientific progress. Current statistics have also 
shown that it is highly likely that drones may become 
household gadgets.  The onset of  drone technology is 
undoubtedly for the better.
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Metadata Extraction

As Jim Moriarty states, "In the world of  locked rooms, 
the man with the key is the KING". Let's try to 
understand what the phrase means in context to the 
collection of  'METADATA'. Metadata is a set of  data 
that describes and gives information about other data.

When we web surf/call to a particular number/text 
repeatedly to a number the device has a capability to 
store the frequently used data (like flash memory), this 
metadata which consists of  the user's private details can 
be illegally (technically by hacking) extracted by 
agencies/govt./individuals all over the world.

Today "A MAN'S PHONE IS HIS CASTLE ". If  a 
person can open any door (bank accounts), anywhere 
with a few tiny lines of  computer codes, then there is no 
such thing as private information. You people must be 
wondering how it is possible for someone to hack our 
phones/devices without our permission. Well, it turns 
out that the US spy agencies thought of  surveilling 
everyone instead of  expected criminals, via our phones, 
i.e we are paying money to spy on us!

Since we all know how mobile phones work, i.e they 
communicate via towers (by radio waves), hacking it 
involves an IMSI catcher to export all the personal data 
to the agencies (in particular like NSA). Basically, the 
IMSI catcher confuses the mobile by saying that it is the 
nearby mobile tower to  answering to the phone's 
request (by sending more power full replies than  the 
tower).  Because of  this, the phone assumes it to be a 
nearby tower which is not the reality. This IMSI catcher 
can extract, interpret and can scan all the stuff  that we 
performed on that device and the catch is that we don't 
get to know that our device has been hacked.

The IMSI catcher can not only extract the data but can 
also show your call log, your location even if  the GPS is 
turned off  (via wireless towers), your web history, take 
pictures of  you holding the mobile. This can also create 
fake data in the phone without any notice. 'Ambient 
recording' is another surprising feature, i.e  the hackers 
can record the conversation by enabling your phone's 
microphone without your notice. Metadata extraction, 
all in all, is a vast domain.

So now you begin to wonder how the govt. analyses  
this huge amount of  data. Well, it turns out to be easy 

because there is a method called “SENTIMENTAL 
ANALYSIS”. We know that whenever some sensitive 
content is posted on facebook, that account would be 
suspended for 48 hrs. Likewise, the servers (or 
compilers) are coded in such a way that whenever the 
sensitive content is posted online, it would take the 
necessary security measures immediately. This can be 
applied to conversations, messages, videos etc. Here the 
contents subjected to sentimental analysis, will send a 
trigger response, when it finds some sensitive content in 
a Metadata. However, sentimental analysis is that it is a 
developing field, daily coders would come up with new 
algorithms to improve the comment understandability, 
so that when they interrupt any data, they would get the 
correct meaning of  it.

Since we humans are so unpredictable in our 
conversations, we sometimes may make a sarcastic 
comment (for eg. - “If  Trump became president then i 
would fall off  a cliff ” ) which could lead to high profile 
security check on us, that is cause the trigger words used 
by mistake may lead to a security check on us. And this 
implies loss of  private information to a third party under 
the name of  national safety.

The reality is in fact, is so bad that the local police 
bodies use IMSI catcher so often in the name of  terrorist 
drills, that often, a common man is seen as terrorist, the 
freedom of  speech and privacy is completely lost.

This issue triggered a turmoil protest in USA and UK 
when the NSA & CIA (also FBI) were accused of  
hacking iPhones of  the citizens of  USA and UK to an 
unscalable extent that even the very own investigator's 
phones was hacked for the Metadata. This made the 
apple CEO Tim cook open up to the media about saying 
that they have not traded the hacking technology to US 
govt., which unfurled the truth of  US spy agencies. 

Today's digital life is so fast and efficient but in 
contrast, it is often dangerous and vulnerable, and is 
subjected to risk. Hope this article changes your mind 
and makes you think twice while you save all your 
personal details onto your phone/any other electronic 
device. 

Arun M V (1st year, ISE - SJCE)
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Web Development

Web development or web application development 
broadly refers to the process of  developing websites for 
hosting via internet or even the local intranet. Web 
development involves web design, web content 
development, client side or the server side scripting etc. 
It also includes network security configuration for secure 
transactions on websites that involve the exchange of  
money or other sensitive information . 

The three main aspects of  website development are as 
follows:

 a) Front end development 

 b) Back end development 

 

What is front end development?  

The front end of  a website is the part that the users 
interact with. While web design is the way a website 
looks, front end development is how this design actually 
gets implemented on the web.

Everything that you see in the web page such as fonts, 
colors, dropdowns menus, navbars etc. is a combination 
of  HTML , CSS and Javascript being controlled by your 
computer's browser.

Imagine that you are trying to construct a house. 
Everything related to the interior design of  the house, 
the color, furniture etc. would be the front end part of  
the house.

Front end developers are responsible for the user 
interface of  the website. In order to do so, they must be 
adept with three main languages mentioned above. That 
is, HTML, CSS and Javascript. HTML is like the skeleton 
of  the webpage. It provides a backbone and structure to 
the webpage. CSS is like the skin and muscles of  the 
page. It makes the page look attractive and colorful. 

In addition to fluency in these languages, front end 
developers need to be familiar with frameworks such as 
bootstrap, backbone, angularJS, and libraries like Jquery 
and LESS. 

What is back end development?

What makes the front end of  a website run? Where is 
all the data related to the website stored? This is where 
the back end comes in. The back end of  the website deals 
with the server side. i.e, it consists of  a server, an 
application and a database management system for 
managing the data. So, the back end deals with 
everything that happens “behind the scenes” i.e., it 
involves the building and maintenance of  the technology 
that powers the components, which enable the user 
facing side of  the website to exist in the first place. 

In order to set up servers, make applications and 
handle the data, back end developers take the help of  
server side languages. PHP, ruby, java, python for making 
the application run and tools like mySQl for database 
management, apache, nodeJS for serving the application 
to the users. 

When you navigate to a website, the server sends 
information to your computer or mobile, which turns 
into the website that you can view in your browser. This 
process is the result of  a back end developer's work. 

Full stack developers can be described as “the jack of  
all trades but master of  none”. These are developers who 
are comfortable with both front and back end 
technologies. So, full stack web developers must be 
familiar with front end languages like HTML, CSS etc. 
And back end languages like PHP, mySQL, ruby, python 
etc. but they don't specialize in any particular end. 

There's never been a better time to pursue a career in 
web development. Employment of  web developers is 
projected to grow 20% over the span of  10 years, faster 
than the average for other occupations. 

Adith Bharadwaj (1st year, CSE - NIE)
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Here's Jarvis -  Zuckerberg’s AI assistant

Facebook’s CEO, Mark Zuckerberg still loves coding. 
Every year, he takes personal challenge to learn new 
things and grow outside his work at Facebook. At the 
beginning of  the year, he had written a post on his 2016 
challenge that was to build a virtual AI assistant, Jarvis 
like the one in the iron man - virtual helper built by Tony 
Stark. Naturally most of  us have been quite excited about 
this recent development. On December 19, he published 
a note on his 100 hours of  coding through the year to 
build Jarvis. 

Who is Jarvis?

Jarvis is a AI system, Mark Zuckerberg built for his 
home that he can talk to on his phone and computer, that 
can control his home, including lights, temperature 
appliances, music, security, and many more. Jarvis can 
learn Zuckerberg's taste and patterns, can also learn new 
words and concepts and even entertain little Max, Mark 
Zuckerberg's daughter. It uses several AI techniques 
including natural language recognition, face recognition 
and speech recognition and reinforcement learning, 
written in python, PHP and objective C. He set about an 
idea of  building it for simple operations in the beginning 
for instance 'switch on bedroom lights' or 'popup the 
toaster'. He structured algorithms accordingly that can 
receive simple instructions text interface using 
Facebook's messenger app with custom bot designed by 
him.

 Secondly voice input via a custom iOS application 
coded for Jarvis. Third was direct input of  photographs 
and video feeds connected to Jarvis. 

The first challenge countered by him was to connect 
various devices at home which speak different language, 
in different protocols. So before building an AI, he wrote 
a code to connect these systems and the job is done by 
the internet. Further, most appliances aren't even 
connected to internet yet. It's possible to control some 
of  these using internet connected power switches that 
can let you turn power on and off. But often, that isn't 
enough. For assistants like Jarvis to be able to controls 
everything in a home inhabited by more people, we need 
more devices to be connected through common APIs 
and standards to talk to each other. 

What can Jarvis do?

Jarvis started performing tasks based on inputs, and its 
intelligence depends on a natural language processing 
engine to understand the context instead of  pre-set 
commands, speech recognition engine to recognize and 
respond to voices contextually, and a face recognition 
engine that will read information of  a storage vat. All 
three systems essentially work in tandem. The natural 
language processing engine was custom built using 
simple keywords “bedroom”, “lights” and “dim” to give 
a specific command to Jarvis - to dim the lights of  
bedroom. And he tackled a case of  multiple users for 
instance when two people in the same house are using 
same assistant and command “turn off  the bedroom 
lights” they mean the two different rooms, things could 
get more complicated for Jarvis as they didn't specify 
which room. This is where the voice engine and 
recognition features kicked in. Right context is very 
important in AI. Zuckerberg spent maximum hours in 
teaching this to his AI than other aspects. As a result, 
Jarvis picked the “context” gradually with more 
commands given to it in humanly manner and 
responding to the very person's usage and preference 
history, rather than relying on generic commands.

Music is also trickier to be taught to AI. “Play 
something light "could be different for Mark and 
different for his wife. For this, Jarvis was made to keep 
track on member's past listening history and most played 
history and gauge the type of  song he would like.

Coming on facial recognition, Zuckerberg used it for 
the security purpose of  his house. He fit multiple 
cameras to his door side and connected to house 
network to give live feed for Jarvis.

Meghana P (2nd year, ECE - SJCE)
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 When anybody visit his house, set well back on a 
17,000 square feet lot on quite, leafy street in a very posh 
silicon valley neighbourhood, the multiple cameras 
captures pictures in multiple directions and feed it to 
Jarvis. Jarvis does 3D imaging and compares it with the 
trusted contacts of  Zuckerberg and also with the visit 
history and alerts him that the person has arrived.

  Jarvis can entertain little Max by playing songs, 
involve in family time, also monitor Max at times 
Zuckerberg or Priscilla are busy. 

Jarvis is an AI powered assistant that became a 
common platform – a standard protocol of  sorts for 
everything that's connected. This is the crucial bit of  
Zuckerberg's experiment, as this not only exhibits the 

realms of  IoT, but also stressed on the need for a 
common platform for smart households and IoT to 
really flourish.

“It's kind of  neat to be able to wake up in the morning 
and just tell it “good morning”, or wake up and then have 
the house wake up, similarly, to be able to get into bed at 
night and have to turn everything off  before that, just be 
like “good night”, and have it shut down the house and 
make sure the doors are locked “, he says.

Jarvis in a simplistic way, the forerunner to personal 
home AI assistants that our future will hold.

Oh, and he's also voiced by Morgan Freeman!
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DIY: Remote Light Control with Arduino 

The Internet of  Things is a very new “thing” to us, but 
when we think of  it, we've had access to the internet for a 
long period of  time. We use “things” in day to day life 
that have been making our life easier for as long as we can 
remember.

Technology improvements have stripped down the 
consumption of  resources to a bare minimum, while at 
the same time optimizing the output, efficiency and 
function has gone up. We even have internet connected 
light bulbs that change colours and are controllable, 
operate on timers, and cooperate via mesh networks.

We  l ive  i n  an  e r a  where  the  mob i l e  and 
telecommunications industries are booming, and the 
speed of  internet that we have now would have been un-
imaginable just a decade ago. Hence, the idea of  making 
things smarter by connecting them to the internet, 
analyzing petabytes of  historical and real-time data, and 
automating their operation becomes more and more a 
reality. This will result in a smarter way of  living, since 
IoT affects almost all the major areas of  the industry: 
Agriculture, Healthcare, Home Automation, and many 
more.

This article is a proof  of  concept of  how easy it is to 
smartly control lights on an Arduino without ethernet 
shield, but rather over HTTP. The idea is to let you 
control a single light or series of  lights in your house with 
just a tap of  an application (with a proper internet 
connection of  course.)

Things you will need

1.  Arduino UNO with its USB connector

2.  Arduino IDE

3.  Smooth internet connection to the system

4.  Root or SU access to the dev machine

5.  Node.js

6. Jonny five

7. narf

Arduino UNO, which I am going to use, is a micro 
controller much like the name implies. I will use it to 
control a light. To keep this very simple and keeping the 
barrier to entry low, I will be using the Pin13 of  my 
Arduino, which has a LED and won't be using any 
ethernet of  wifi shield.

I will also be giving instructions for Fedora/Red Hat 
Enterprise Linux (now free for developers), but you can 
follow along in your own environment if  you use 
something else.

Set up the system

Arduino IDE :

$ sudo dnf  install arduino

Once installed, make sure that you plug in your 
Arduino and make sure your system has detected it. After 
inserting your Arduino's USB connector to the system, 
type the following command in your terminal to verify 
connectivity:

$ dmesg | tail

Once you have verified that your Arduino is 
connected, we will  go ahead and set up the 
communication protocol.

Set up jonny-five

● Plug in your Arduino or Arduino compatible 
microcontroller via USB

● Open the Arduino IDE, select: File > Examples > 
Firmata > StandardFirmata(StandardFirmata is 
available in Firmata v2.5.0 or greater)

● Click the Upload button.

If  the upload was successful, the board is now 
prepared and you can close Arduino IDE.

Sumantro Mukherjee (SWE - RedHat Bangalore)
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Set up a project folder

Create a folder and copy the following two files into it 
(These files are available on Github.)

1. index.html

2. LED_Server.js

Set up node.js

You need to go inside your project folder and making 
sure that you are have root privileges, then type the 
following command:

$ dnf  install npm nodejs

Set up jonny five and narf

$ npm install narf  jonny-five

When this completes successfully, you should find 
y o u r  s e r v e r  r u n n i n g  a t 
http://127.0.0.1:8079/index.html.

Now execute:

$ node LED_Server.js

If  you get a “serial port not found” error, execute the 
following command:

$ npm install serialport

The Webpage

When you've gotten everything up and running, your 
web browser (available via the URL provided above)  
should look like the image below. Now you can turn Pin 
13 on and off  – directly from this webpage!

The best possible use case would be forgetting to turn 
off  the lights in your room while you are out on a 
vacation. This smart solution would let you control your 
lights from any part of  the world!

http://127.0.0.1:8079/index.html
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Inkscape

Design in Linux, was something that took a lot of  time 
to build trust, among designers. GIMP has made his 
place in the audience, next comes the vector tool 
Inkscape. It has sophisticated drawing tools with 
capabilit ies comparable to Adobe Illustrator, 
CorelDRAW and Xara Xtreme. It can import and export 
various file formats, including SVG, AI, EPS, PDF, PS 
and PNG. It has a comprehensive feature set, a simple 
interface, multilingual support and is designed to be 
extensible; users can customize Inkscape's functionality 
w i t h  a d d - o n s .
Inkscape is a popular, full-featured, free and open source 
vector graphics editor available in the official Fedora 
repositories. It's specifically tailored for creating vector 
graphics in the SVG format. Inkscape is great for 
creating and manipulating pictures and illustrations. It's 
also good for creating diagrams, and user interface 
mockups. It provides a WYSIWYG (What-You-See-Is-
What-You-Get) interface for manipulation of  vector 
image, which makes the understanding of  various tools 
a n d  f e a t u r e  l o t  m o r e  e a s i e r .
The best thing is, the Inkscape tool is available for 
various OS and it is absolutely free to download from 
https://inkscape.org/en/. Also, if  you are a Fedora OS 
user, Inkscape is available in the official Fedora 
repositories, so it's super easy to install using the 
Software app in Fedora Workstation.

When opening the app for the first time, there will be a 
blank page, and a bunch of  different toolbars. For 
beginners, the three most important of  these toolbars 
are the Toolbar, the Tools Control Bar, and the Colour 
Palette.

The Toolbar provides all the basic tools for creating 
drawings, including tools such as:

● The rectangle tool, for drawing rectangles and 
squares

● The star / polygon (shapes) tool

● The circle tool, for drawing ellipses and circles

● The text tool, for adding labels and other text

● The path tool, for creating or editing more complex 
or customized shapes

● The select tool for selecting objects in your drawing

● The magnifier tool, for zooming in and zooming out 
onto document

● The ruler tool, for measuring different lengths 
without affecting images

● The 3d modelling tool, to create 3d figures

● The spiral tool, for creating spirals

● The pencil tool, for drawing freehand images

● The text tool, for creating or editing text

The Colour Palette provides a quick way to set the 
colour of  the currently selected object. The Tools 
Control Bar provides all the settings for the currently 
selected tool in the Toolbar. Each time you select a new 
tool, the Tools Control Bar will update with the settings 
for that tool.

Inkscape is an awesome tool to play with images. 
Having an opensource image generator and editor gives 
you freedom you write your own functions in the form 
of  new tool or plugins, making your life easier. There is a 
lot to explore in this direction. You can find inkscape 
tutorials on https://inkscapetutorials.org, written by 
Ryan Lerch who is a designer that works on stuff  for 
Fedora OS. You can also find his articles on 
https://fedoramagazine.org/getting-started-inkscape-
fedora/.

Kanika Murarka  (SWE - RedHat Bangalore)
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For articles, fun and feedback, reach us at interface.ieee@gmail.com
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Cyberia 2017
is powered by

Robert Bosch GmbH is a German multinational engineering and electronics company 
headquartered in Gerlingen, near Stuttgart, Germany. It is one of the world’s largest 

supplier of automotive components. Bosch entered India in 1922 and currently, Bosch 
India has a turnover of $2 billion and over 26000 employees spread across 10 locations 

and 7 application development centers.
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