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Your suggestions

Feedback

Electronics Projects

From electronicsforu.com

I am interested in ‘RFID-based Access 
Control Using Arduino’ DIY project 
available on your website at https://

electronicsforu.com/electronics-projects/
rfid-based-access-control-using-arduino. 
Please provide details of the RFID reader 
used in this project. Does it come with a 

DB-9 connector? 
Yadhav

EFY. It is a 9-pin EM-18 RFID reader 
module that operates on 125kHz 

frequency. The module comes with an 
on-chip antenna and can be powered up 
with a 5V DC power supply. It does not 

have DB-9 connector.

In ‘Simple Line-following Robot’ DIY 
project on your website at https://

electronicsforu.com/electronics-projects/
line-follower-robot-project, one motor is 
not working. I can’t figure out the exact 

problem. Please help.
Galdan

EFY. Let’s assume that your motors, IC1 
and IC2 are working fine. First, check 

whether you are getting inverted outputs 
at pins 2 and 12 of IC3, respectively.  
If not, the easiest way is to replace  

IC3 with a new IC. 

In ‘Automatic Plant Watering System’ 
DIY project available on your website at 
https://electronicsforu.com/electronics-
projects/automatic-plant-watering-
system, can I use a new motor with  

6V battery in place of the motor  
with 12V battery?

Varad
EFY. Yes, you can use a 6V motor  

with 6V battery.  

RaspbeRRY pi pRojects
I want to take up a Raspberry Pi 
based project. Please give the list of 
related articles published in EFY.

Krishnaveni
Through e-mail

EFY. We have published many pro-
jects based on Raspberry Pi. Some of 
the recent ones are:

1. ‘Ultrasonic Distance Meter Us-
ing Raspberry Pi 2’ in Jan. 2017 

2. ‘Surveillance Camera Using 
RaspiCam and Android App’ in Feb. 
2017 

3. ‘Time Lapse Photography with 
Raspberry Pi 3’ in Dec. 2016

4. ‘IoT-Based Smart Camera Using 
Android and Raspberry Pi’ in Nov. 
2016

5. ‘Face Recognition Using Rasp-
berry Pi’ in Oct. 2016

You can purchase EFY’s back is-
sues from following online stores:

1. https://www.magzter.com
2. http://pothi.com
3. http://www.lulu.com
4. http://www.getscoop.com
5. http://www.readwhere.com

solaR liGht 
In ‘Solar Light For A Portable Toilet’ 
DIY article published in January 2016 
issue, why is pin 1 of LM317 con-
nected to the battery, and how does it 
affect the charging behaviour because 
resistor R1 is for charging the battery?

Porhit
Through e-mail

The author T.K. Hareendran replies:
Here, LM317 is wired as a constant-
current charger, not a constant-volt-
age charger. That’s why the unusual 
but recommended configuration! You 
can refer LM317 datasheet to learn all 
about this. 
 

infRaRed sensoR
In ‘Infrared Sensor Based Power 
Saver’ DIY published in March 2016 
issue, can I use a 12V relay instead of 
9V relay? What type of 3-pin connec-
tor do I use?

Mahe 
Through e-mail

EFY. No, you have to use 9V relay. 

You can use a 3-pin Berg strip con-
nector.

audio poweR amplifieR
How can I convert the LME49710 
op-amp based audio power amplifier 
published in June 2016 into a 1000W 
amplifier using LME49710?

Prosper 
Through e-mail

The author Visweswara Rao Kalla 
replies:
So far I have made a 200W (RMS) 
amplifier using LME49710 along with 
FJL4315 and FJL4215 transistors. You 
can make a 1000W (RMS) ampli-
fier using a few complementary 
power transistor pairs like MAG9412 
and MAG6332 along with a high-
power source. 

li-fi donGle
I have assembled the ‘Design Your 
Own Li-Fi Dongle and Speaker’ cir-
cuit published in July issue. But after 
soldering, I am unable to understand 
where to connect the speaker. Do I 
need to solder it to the solar panel? 
Please help. 

Shraddha Bhujbal
Through e-mail

EFY. Connect the solar panel to 
the speaker using an audio jack. 
So soldering the speaker to the 
solar panel is not required. A Li-Fi 
speaker is required as mentioned in 
the article. Alternatively, you can 
use a speaker with an inbuilt am-
plifier and ‘Audio in’ socket. Con-
nect an audio jack to solar panel 
output terminals. Now you can 
connect the jack to the speaker’s 
‘Audio in’ socket. Please read the 
article, especially ‘Circuit and 
working’ section, for details. 
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Q A&
Things You WanTed To KnoW!

Answers compiled by Sani Theo, technical editor. 
Letters and questions for publication may be 
addressed to Editor, Electronics For You, D-87/1, Okhla 
Industrial Area, Phase 1, New Delhi 110020 (e-mail: 
editsec@efy.in) and should include name and address 
of the sender.

Ques. What are the voice 
recorder chips avail-
able in the market?

pamarthi kanakaraja 

ans. There are many voice recorder 
chips available in the market, some 
of which are listed below.

APR2060. It is a powerful 16-bit 
digital audio processor capable of 
recording 40-80 seconds of audio. It’s 
based on non-volatile flash memory 
technology, requiring no battery 
backup. It has a built-in audio-
recording microphone amplifier and 
configurable analogue interface. 
Other features include external reset 
pin, high-quality 16-bit audio output, 
and simple and direct user interface.

APR9301. This chip can record 
voice without using any software or 
microcontroller. It provides high-
quality recording and playback of 
20-30-second long voice messages. 
The chip is ideal for portable voice 
recorders, toys and other consumer 
applications. Its other features 
include no battery backup require-
ment, low power consumption and 
automatic power-down for longer 
battery life.

APR33A3. This powerful audio 
processor with built-in audio record-
ing microphone amplifier does not 
require programming. It enables 
high-quality audio systems with 
lower bill-of-material costs. Its other 
features include voice recording for 
340 to 680 seconds, and up to 1024 
voice sections controlled through five 
pins only. 

WTR050. It is a multifunctional 
voice recording and playback chip 
that can record up to 50 seconds 
of audio. It can record voice from 
a distance of up to 5 metres, and 
can directly drive an 8-ohm, 0.5W 
speaker. 

WT588D. It is a 16-pin DIP high-
quality voice module for Arduino. It 
has an 8MB storage space and inbuilt 
13-bit digital-to-analogue converter. 
The module provides 12-bit PWM 
output and supports 6 to 22kHz 
audio sampling rate, MP3 control 
mode and control mode button. 
Its output can directly drive 0.5W, 
8-ohm speakers.

Q2. hoW can i connect 
my arduino board to a 
WindoWs pc?  

sumesh s.

a2. Connecting Arduino Uno to a 
PC running Windows 7, 8 or 10 is 
straightforward.

Just connect the Uno to PC using 
USB printer cable. It will install the 
driver automatically. For more detail, 
please refer the link https://www.
arduino.cc/en/Guide/ArduinoUno

Q3. hoW does a Wheel-
drop sensor Work?

vivek Jatekar

a3. Wheel-drop sensors are com-
monly used in robots to detect sur-
face transitions. When the wheel of 
a robot drops to its lowest position, 
the robot may react to the wheel-

drop sensor signal alerting for safety 
precaution. For example, if the front 
wheel of the robot goes to a shal-
low area on the floor, the wheel may 
drop down but lose contact with the 

surface. Thus the sensor alerts the 
robot to avoid going up further or to 
other undesired floor surfaces. 

Similarly, if the robot is moving 
towards a sloping surface or objects 
which might not otherwise be de-
tected by obstacle-detection sensors, 
this sensor can indicate a likely loss 
of contact and alert the user or robot 
to take necessary action. A typical 
wheel-drop sensor is shown here in 
the figure.

Q4. Why do logic-level 
mosFets reQuire gate 
driver ic? please sug-
gest some driver ics 
With maximum v

cc
 

up to 5v.

a. samiuddhin

a4. A gate driver IC is normally used 
when the controller section is unable 
to provide sufficient current to drive 
the MOSFET’s gate capacitance.  
Sometimes, even if you use a logic-
level MOSFET, you might still need a 
driver to rapidly charge and discharge 
the gate capacitance to minimise 
switching losses. 

The switching of a MOSFET 
generates heat in the device. The gate 
driver takes power from the main in-
put supply and requires only a small 
current of the controller, thus making 
the whole system cooler. 

A gate driver allows you to turn 
on and off the MOSFET at a faster 
rate more efficiently.

MAX767 and LTC1157 are ex-
amples of gate driver ICs with Vcc 
up to 5V. A typical wheel-drop sensor
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Bioengineered robotic hand that will actually feel

Technology UpdaTes

Tech News

Fully integrated circuits printed directly onto fabric 

will enable them to explore how neurons and behaviour 
can work together to regenerate the sensation of touch in an 
artificial limb.

At the core of this project is a cutting-edge robotic hand 
and arm developed in FAU’s College of Engineering and 
Computer Science. Just like human fingertips, the robotic hand 
is equipped with numerous sensory receptors that respond to 
changes in the environment. Controlled by a human, it can 

sense pressure changes, interpret the information 
it is receiving and interact with various objects. 
It adjusts its grip based on an object’s weight or 
fragility. But the real challenge is figuring out how to 
send that information back to the brain using living 
residual neural pathways to replace those that have 
been damaged or destroyed by trauma.

“When the peripheral nerve is cut or 
damaged, it uses the rich electrical activity that 
tactile receptors create to restore itself. We want 
to examine how the fingertip sensors can help 
damaged or severed nerves regenerate,” said Erik 
Engeberg, principal investigator. “To accomplish 
this, we are going to directly connect these living 
nerves in vitro and then electrically stimulate them 
on a daily basis with sensors from the robotic hand 
to see how the nerves grow and regenerate while 
the hand is operated by limb-absent people.”

Researchers have demonstrated how graphene, a two-dimen-
sional form of carbon, can be directly printed onto fabric 
to produce integrated electronic circuits that are comfort-
able to wear and can survive up to 20 cycles in a typical 
washing machine.

The new textile electronic devices are based on low-
cost, sustainable and scalable inkjet printing of inks based 
on graphene and other two-dimensional materials, and are 
produced by standard processing techniques. The results 
by researchers from the University of Cambridge, with 
colleagues in Italy and China, are published in the journal 
Nature Communications.

Based on earlier work on the formulation of graphene 
inks for printed electronics, the team designed low-boiling 
point inks, which were directly printed onto polyester fabric. 
Additionally, they found that modifying the roughness of the 

Scientists from Florida Atlantic University (FAU) and the 
University of Utah School of Medicine are developing a 
bioengineered robotic hand that will grow and adapt to its 
environment. This ‘living’ robot will have its own periph-
eral nervous system directly linking robotic sensors and 
actuators. The team is creating a living pathway from the 
robot’s touch sensation to the user’s brain to help ampu-
tees control the robotic hand. A neuroprosthesis platform 

Just like human fingertips, the robotic hand is equipped with numerous sensory receptors 
that respond to changes in the environment (Image credit: Florida Atlantic University)

A sample circuit printed on fabric (Image credit: Felice Torrisi, 
University of Cambridge)
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Smart ring to control smartwatch 
precisely
With mobile devices such as Apple Watch, interactive 
screens are so small that these are difficult to use. Comput-
er scientists at Saarland University have now developed an 
alternative called ‘DeformWear.’ It’s a tiny switch built into 
a ring for example, and worn on the body. It can be moved 
in all directions, pressed, pinched, and pushed toward the 
right, left, up and down.

The sensor developed by researchers has a diameter 
of only 10 millimetres—about the size of a pea—and can 
be deformed like a balloon. From the inside, an infrared 
light-emitting diode illuminates the deformable membrane. 
The light is reflected, and measured by four photodiodes. 
These measurements can then be used to calculate how the 
sensor is being deformed.

To test their idea, researchers integrated this sensor 
into a ring, a bracelet and a charm, which was hardly 
larger than a 50-cent piece. The challenge was to develop 
gestures and use them to control mobile devices. The 
researchers did this for a smartwatch and for virtual 
reality glasses. They also defined motion sequences to 
control a television and to play music without having to 
look at the device. 

Store data in your clothes without 
electronics
Computer scientists have created fabrics and fashion acces-
sories that can store data from security codes to identifica-
tion tags without requiring any on-board electronics or 
sensors. They leveraged previously unexplored magnetic 
properties of off-the-shelf conductive thread. The data can 
be read using an instrument embedded in existing smart-
phones to enable navigation apps.

“This is a completely electronic-free design, which 
means you can iron the smart fabric or put it in the washer 
and dryer,” said senior author Shyam Gollakota, associate 
professor in the Paul G. Allen School of Computer Science 
& Engineering. “You can think of the fabric as a hard 
disk—you’re actually doing this data storage on the clothes 
you’re wearing.”

Researchers realised that magnetic properties of the 
conductive thread can be manipulated to store either 
digital data or visual information like letters or numbers. 
This data can be read by a magnetometer—an inexpensive 
instrument that measures the direction and strength of 
magnetic fields and is embedded in most smartphones.

“We are using something that already exists on a 
smartphone and uses almost no power, so the cost of 
reading this type of data is negligible,” said Gollakota. In 
one example, they stored the passcode to an electronic door 

Using magnetic properties of conductive thread, University of Washington 
researchers are able to store data in fabric. In this example, the code 
to unlock a door is stored in a fabric patch and read by an array of 
magnetometers (Credit: Dennis Wise/University of Washington)

Self-learning chip
Intel has developed a first-of-its-
kind self-learning neuromorphic 
chip, codenamed Loihi, that 
mimics how the brain functions 
by learning to operate based on 
various modes of feedback from 
the environment. This extremely 
energy-efficient chip, which uses 

fabric improved the performance of the printed devices. 
The versatility of this process allowed the researchers to 
design not only single transistors but all-printed integrated 
electronic circuits combining active and passive components.

“The printed components are flexible, washable and 
require low power—essential requirements for applications 
in wearable electronics,” said PhD student Tian Carey, the 
paper’s first author.

lock on a patch of conductive fabric sewn to a shirt cuff. 
They unlocked the door by waving the cuff in front of an 
array of magnetometers.

Researchers’ prototype can be controlled precisely and discreetly using 
minimal movements (Credit: Saarland University) 

Self-learning neuromorphic chip
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FaceID cracked with a $150 mask
Days after the release of iPhone X, a cybersecurity firm has 
been able to bypass its security measure of FaceID just by 
using a $150 face mask. A video posted by the firm showed 
that they were able to hack FaceID by using a composite 
mask of 3-D-printed plastic, silicone, makeup and simple 
paper cutouts, which in combination tricked the iPhone 
X into unlocking. The experiment showed that in order to 

bypass FaceID 
even half of 
the face was 
enough. FaceID 
recognised half 
the face and al-
lowed the user 
to unlock the 
phone.

In the 
video, a staff 
member pulls 
off a cloth 
from a face 
mask which 

Developers invited to build apps  
for Google Assistant 
Google is inviting developers and companies to build voice-
enabled apps to engage with Indian users through Actions 
on Google, the developer platform for Google Assistant. For 
anyone who wants to build for the Assistant, resources such 
as developer tools, documentation and a simulator are avail-
able on Actions on Google developer website, making it easy 
to create, test and deploy voice-enabled solutions. Eligible 
developers can also join the Google Assistant Developer 
Community Program to get started with building apps for 
the Google Assistant.

With the ability to create apps on the Google Assistant, 
users in India will soon have easy and fast access to all 
types of interactions, using nothing more than their voice. 
When apps are built to work with the Assistant, users can 
simply tell Assistant to connect with the app using a voice 
command—whether it’s on supported Android phones 
or iPhones. Also this doesn’t need anything extra to be 
installed—users can interact with their favourite app by 
saying “Ok Google, talk to….” to interact with that app. This 
platform will give more Indians the help they need using the 
convenience of a voice command at home or on-the-go—
from the morning rush hour to the weekend unwind. 

Actions on Google platform

FaceID on iPhone X authenticates users with facial 
recognition

the data to learn and make inferences, gets smarter over 
time and need not be trained in the traditional way. It takes 
a novel approach to computing via asynchronous spiking.

The brain’s neural networks relay information 
with pulses or spikes, modulate the synaptic strengths 
or weight of the interconnections based on timing of 
these spikes, and store these changes locally at the 
interconnections. Intelligent behaviours emerge from 
the cooperative and competitive interactions between 
multiple regions within the brain’s neural networks and 
its environment.

The Loihi research test chip includes digital circuits 
that mimic the brain’s basic mechanics, making machine 
learning faster and more efficient while requiring lower 
compute power. 

The potential benefits from self-learning chips are 
limitless. One example provides a person’s heartbeat 
reading under various conditions—after jogging, following 
a meal or before going to bed—to a neuromorphic-
based system that parses the data to determine a normal 
heartbeat. The system can then continuously monitor 
incoming heart data in order to flag patterns that do 
not match the normal pattern. The system could be 
personalised for any user.

This type of logic could also be applied to other 
use cases, like cybersecurity where an abnormality or 
difference in data streams could identify a breach or a hack 
since the system has learned the normal behaviour under 
various contexts.

is placed in front of the iPhone 10. The phone instantly 
unlocks when the mask is placed in front of it. The mask 
had sculpted silicone nose, two-dimensional eyes and lips 
printed on paper, which was mounted on a 3D printed 
plastic frame.

Ankush Johar, Infosec Ventures director and partner, 
said, “With FaceID, your sole authentication medium is 
always out in the open, up for grabs. If your phone can 
use an infrared scan to trace every inch of your face, then 
so can any other hardware and this event simply affirms 
the theory making your data a few bucks away for any 
malicious hacker.” He suggests FaceID users “to simply use 
the conventional passcodes as they are their safest bet in 
the absence of TouchID. Apple, on the other hand, while 
fixing this issue, can parallelly host a bug hunting program 
for the FaceID particularly.”
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The right posture helps you maintain a healthy body. There are many physical and 
technological aids to correct posture but many of them like belts and braces are 
bulky and conspicuous. Lumo Lift is a tiny smart sensor that you must fit on your 
dress right below your collarbone using a magnetic clasp provided with the device. 
Thereafter, get into your best posture and press Lumo Lift once—you have now set 
your goal or target posture. Now every time you slouch or get into a bad posture, 
Lumo Lift will prod you with gentle, vibrational reminders to correct your posture. 
It is just like a trusted friend who keeps reminding you of your commitment to pos-
ture improvement. Lumo Lift also doubles up as an activity tracker that keeps count 
of steps taken, distance travelled and calories burned. 

Lumo Lift works with a companion app that runs on iOS, Android as well as 
Windows. The app helps you set up the device, track your posture and activities, 
and shares suggestions for improvement—in short, it becomes your posture and 

activity coach. The sensor connects 
to your phone using Bluetooth. It is 
battery-powered and can run for a 
day or two on a single charge. 

Sold for US$ 80 with a 30-day 
money-back guarantee, the product 
is useful for a wide range of profes-
sionals. 

Product: Lumo Lift; Company: Lumo BodyTech; Country: USA; Website: https://
www.lumobodytech.com/lumo-lift

Janani Gopalakrishnan Vikram 

Bluetooth-enabled item locators 
are small tag-like products that you 
fix to your belongings. When you 
are unable to find something, you 
can make the tag/locator beep or 
ring, follow the sound and find the 
item. It helps to find even a phone 
in silent mode. TrackR Bravo is one 
such item locator, but what makes 
it better than the rest of the breed 
are features like Crowd Locate. 

Crowd Locate helps you find 
your belongings even when these 
are out of your Bluetooth range. If 
your umbrella is buried under the 
cushions, you can find it using any 
normal Bluetooth locator, but what 
if you left it at a clinic? Whenever 
you miss an item, the TrackR app 
records its last known location on 
a map. When another TrackR app 
user comes within Bluetooth range 
of your lost item, its location is 
automatically updated in your app. 
This makes it easier to find objects 
lost elsewhere, too. Crowd Locate 
basically harnesses the power of 
numbers, as TrackR has sold mil-
lions of its devices across nations. 

The TrackR app also lets you 
setup custom ‘separation alerts’ 
when you are about to forget and 
leave behind important items like 
your keys or phone. Likewise, when 
you are searching for an object, the 
distance indicator helps by show-
ing whether you are getting nearer 
the object or moving in the wrong 
direction. Alexa Integration enables 
you to just shout out your search 
instruction when in a rush, and 
TrackR will find it for you! You can 
also customise your TrackR Bravo 
by printing a photo on it or engrav-
ing your number so that people can 
contact you if they find it. 

Product: TrackR Bravo; Compa-
ny: TrackR; Country: USA; Website: 
https://www.thetrackr.com

Many a time we catch 
infections despite main-
taining good hygiene. 
Of what use would 
washing our hands be 
when most of the things 
around us are infected 
with bacteria? Some-
body sneezes and uses 
the keyboard, a friend 
with a skin infection 
borrows the phone, or 
somebody with an infec-
tion sits on our chair. 
These are unavoidable 
and out of our con-
trol, which makes us 
wish for a way within our means to 
discreetly disinfect our possessions 
before using these ourselves. 

UVC LEDs have a 200-280nm 
wavelength on the electromagnetic 
spectrum. This portion of the ultra-
violet spectrum helps in disinfection 
of the air and water. UVC LED blocks 
proliferation of bacteria by destroying 
the DNA in them. Cleanty has used 
this property of UVC LEDs to make 

Find lost items out of 
Bluetooth range 

Improve your posture without belts and braces

in every sphere of life
innovation

a handy and portable 
personal steriliser that 
weighs just 29gm. To 
disinfect an item (be 
it a laptop, a phone, 
a keyboard, shoe or 
anything else), you just 
need to sweep it with 
Cleanty. It takes only 10 
seconds to destroy 90-
99 per cent of bacteria 
in the region covered. 
Cleanty effectively cleans 
up bacteria like Colon 
Bacillus, Staphylococcus 
and Salmonella. You can 
also drop Cleanty into a 

closed container, say, a laptop bag, and 
set the timer. Cleanty will automatically 
switch off after sterilising the interior 
region for the preferred time. 

Cleanty uses LG Innotek LEDs, which 
can apparently be used more than 10,000 
times. The device can be charged using 
a USB cable, and a single charge guaran-
tees about a month of daily normal use. 

Product: Cleanty; Company: Cleanty; 
Country: USA; Website: http://cleanty.me

Sterilise your stuff within seconds 

TrackR Bravo  
is a coin-sized  

device that lets you  
find your things even when 

these are out of Bluetooth range

Lumo Lift smart sensor prods you to correct your posture

This handy device sterilises your 
items instantly using UVC LEDs
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Google Clips is a small, light-weight 
artificial intelligence (AI) powered 
camera that spontaneously cap-
tures interesting moments. Google 
recommends the product mainly 
for use with kids, pets, close family 
and friends.

From wherever it is placed or 
fastened, the camera keeps watching, 
using its machine learning capabili-
ties to recognise people who matter 
and to identify the right moments to 
shoot ‘clips’ or short, soundless mo-
tion photos that last several seconds. 
You can also help the camera learn 
who is important to you. The best 
part is that you can be a part of those 
pictures too! Clips has a 12-megapixel 
sensor and a 130-degree field-of-view 
lens. It takes photos at a speed of 15 
frames-per-second. It has a decent 
battery life, lasting for three hours of 
continuous use. A shutter button in 
the camera and app allow you to also 
use the camera like a regular one. 

Clips has 16GB internal memory. 
All the machine learning happens on 
the device itself, and nothing leaves 
your device unless you choose to 
save or share it. And when you do, 
the clips are wirelessly synced (using 
Wi-Fi) to the Google Clips app for 
Android or iOS. Here, you can save 
or delete entire clips or save selected 
frames as high-resolution still photos. 
You can export the recordings as vid-
eo, photos or GIFs. If you are using 
Google Photos to store and organise 
your clips, you can backup unlimited 
clips for free! 

The first edition of Google Clips, 
which will soon be available in the 
USA for US$ 249, will work with 
Google Pixel, Samsung S7/8 and 
iPhone (6 and above). 

Product: Google Clips; Company: 
Google; Country: USA; Website: 
https://www.blog.google/topics/hard-
ware/google-clips

An intelligent camera 
that knows what to 
capture 

Everybot RS500 floor-cleaning robot has been selling across the world on Amazon, 
Home Depot and other stores since last year. The company has now raised funds on 
Kickstarter for an upgraded version RS700 scheduled to be delivered by year-end. 

Everybot is essentially a compact robot with two spin mops. The mops can do 
both dry and wet cleaning, and can clear everything from coffee spills to pet hair 
within minutes. These can clean any hard surface, be it a tiled floor or a glass. 
Equipped with sensors, Everybot can find its way autonomously and clean the entire 
house without your intervention. It has built-in multi-directional and multi-axis sen-
sors to detect and avoid obstacles like furniture, objects on the floor, staircases and 
drains. Given its compact size, the robot can even clean under chairs and tables. 

You just need to fill water in the tanks, switch on the robot, set a mode and 
relax. Apart from the auto clean mode, the robot can also operate in Y-curve, 
focus clean, corner clean, manual clean and turbo clean modes. 

Everybot RS700 has two powerful 5700rpm motors to capture fine dust with-
out causing dust streaks on the floor. An illuminance sensor on 

the top of the unit enables it to move to a brighter area after 
it completes cleaning in dark corners, under the couch, 

etc. This makes it easier for the owner to spot the 
robot after its job is done. 

Moistened mops can clean floors for 50 minutes 
at a time. After this, users can charge the mops and 
add water to the tanks to continue cleaning. 

Product: Everybot RS700; Company: Everybot; 
Country: South Korea; Website: http://everybot. 
com.sg

Home cleaning robot with dual-spin mops 

print between 1 and 50 units continu-
ously. The option to replace the print 
head with a 500mW laser head lets you 
engrave on soft surfaces like wood, 
leather, chocolates and plastic.

Migo is equipped with Ethernet, Wi-
Fi and an ARM processor. It comes with 
easy to use software for designing and 
printing. You can remotely upload files 

to be printed, check printing progress, 
and start, cancel or pause printing us-
ing the app. 

MakeX plans to ship the initial 
version by July 2018. In future ver-
sions, they plan to include features like 
dual printing heads, touch screens and 
CNC heads. 

Product: Migo; Company: MakeX; 
Country: China; Website: http://www.
migo3d.com

A portable, Internet-enabled 3D printer 
Aimed at personal 3D printing seg-
ment, Migo is a small and portable, 
Internet-enabled printer with a range 
of professional features. Despite 
being made of industrial standard 
parts, the printer measures just 
155x195x270mm3 and weighs 2.5kg. 
This has been achieved through a 
minimalist design. 

Despite the printer’s small and 
portable form, it matches the capabil-
ity of bigger printers. It has a printing 
platform of 100x120x100mm3, a 
nozzle diameter of 0.4mm and a 
layer resolution of 0.05mm, which 
ensure high precision, smooth print-
ing at speeds between 100mm/s to 
200mm/s. It is very easy to use with 
a simple, single button operation. 

Migo also overcomes another 
problem commonly associated with 
3D printers, namely cable clutter, 
by using Type-C connectivity. The 
functions of the signal cable, extruder 
head’s power cord and other compo-
nents are consolidated using a single 
Type-C connector. This enables true 
plug-and-play printing. 

What’s more, the printer supports 
batch printing, so it can become your 
little factory! You can set it up to 

Google Clips uses built-in machine learning 
to spontaneously capture important moments

Everybot RS700 is a compact floor 
mopping robot with dual spin mops

Migo is ideal for personal 3D printing 
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Implantable and ingestible (edible) elec-
tronic devices that stay inside your body 
pose unique engineering challenges. 

These should not only use the best proces-
sor but also be minimal in size, biocompat-
ible, safe and extremely reliable. Reliability 
is all the more important as it often turns 
out to be a case of life or death! 

Despite so many risks and challenges, it 
is awesome to see how implants have devel-
oped since the days of the first pacemaker 
in 1958. From cardiac pacemakers to cochle-
ar implants, from brain interfaces to retinal 
implants, there are numerous implantable 
medical electronic devices available today. 
Even more exciting is the emerging field of 
edibles—tiny, capsule-sized electronic de-
vices that are consumed orally for diagnosis 
and treatment of diseases. Some edibles 
are designed to remain inside the body for 
some time, while others do their job and get 
disposed of within minutes. 

Today, we have reached a state where 
inventions like these no longer surprise us 

because our minds have become tuned to a 
sci-fi future, and we have started expecting 
such developments. So let us put aside the 
wow-factor, and instead look at the current 
and future state of implants and edibles. 

Painless diabetes testing,  
drug delivery and more
With improvements in quality and reli-
ability, there is now a reasonably good 
demand for cochlear, retinal and cardio-
vascular implants. Cardiovascular implants 
have evolved much in recent years, and 
have overcome past constraints regarding 
compatibility with imaging systems such 
as magnetic resonance imaging (MRI). 
Interestingly, the rise in lifestyle diseases 
like diabetes has also led to an increased 
demand for implantable devices like im-
plantable continuous glucose monitoring 
and implantable infusion pumps. There are 
also implantable devices for phrenic nerve 
stimulation to restore breathing function in 
patients, and sacral nerve stimulation for 
patients with bladder disorders. Implant-
able neuro-stimulators, on the other hand, 
help those with neurological disorders like 
Parkinson’s disease.

With the availability of better biocom-
patible materials that minimise the pos-
sibility of infections, there is greater faith 
in implants. Researchers at the Graeme 
Clark Institute have developed an implant 
that is fitted under the scalp to diagnose 
and treat epilepsy, and even forecast a 
likely seizure. They are also developing an 
implantable drug pump for patients with 
drug-resistant epilepsy. 

Cochlear implants are used when hear-
ing aids don’t work well—that is, when the 
patient has severe sensorineural hearing 
loss due to absent or reduced cochlear hair 
cell function. The implant basically carries 
out the function of the cochlea or inner 
ear, stimulating the auditory nerve directly. 

Retinal implants are giving vision to 

EdiblE ElEctronics  
A Joke Or A Cure? 

Janani 
Gopalakrishnan 
Vikram is a 
technically-qualified 
freelance writer, 
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on mom based in 
Chennai 

6. Sensor goes 
through the 
digestive system 

5. Patch registers 
sensor, and sends 
signal to a mobile 
device that the pill 
has been taken 

Sensor

4. Fluids in the stomach 
activate the sensor, which 
sends a signal to a patch 
on the patient’s body 

3. Pill  
disintegrates,  
leaving sensor  
in stomach

2. Pill lands  
in stomach

1. Patient ingests  
pill with sensor made  
of copper, magnesium 
and silicon 

The journey of an 
ingestible sensor 
(Credit: Proteus 
Digital Health)
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the impaired around the world. Going 
one step further, the Monash Vision 
Group is developing Gennaris—a 
bionic vision system that bypasses 
damage to the eye and optic nerve to 
restore functional vision for people 
who have injured both these or lost 
sight due to glaucoma and acquired 
retinal disease. This system interfaces 
directly with the brain, bypassing the 
retina and optic nerve. 

Elsewhere, researchers are also 
exploring biocompatible, implantable 
photonic devices that can improve 
health monitoring, diagnostics and 
light-activated therapies. Consider 
the possibility of biocompatible and 
wirelessly-powered light-emitting 
diodes (LEDs) and miniature lasers 
implanted inside the body. Advances 
in biotechnology, such as optoge-
netics, will enable these photonic 
implants to be integrated tightly with 
neurological or physiological circuits. 

A good interface between implant-
ed devices and the brain can help 
in great ways—for example, it can 
return motor function to amputees 
and people paralysed due to stroke 
or spinal cord injury. A minimally 
invasive electrode called the Sten-
trode developed at the University of 
Melbourne might be a step in this di-
rection. Implanted into a blood vessel 
adjoining the area of the brain that 
controls movement, it may help con-
trol an exoskeleton, enabling crippled 
or paralysed people to move. The 
implant can apparently be installed 
without opening the skull, which is 
what makes it attractive! 

Neuralink, a company funded 
by Elon Musk, is also working on 
implantable brain-computer interfaces. 
They are developing syringe-injectable, 
flexible, sub-micron-thickness sub-
strates that can be used in implant-
able electronics. The substrate is soft 
enough to sit harmlessly in the brain, 
and has electrical properties that en-
able only the targeted part of the brain 
to receive the electrical stimulus. 

Brain-computer interface is the 
future of implantable systems. It can 

help people with degenerative brain 
diseases and neurological disorders. 
However, it must be handled with 
care because an electrode implanted 
in the brain can be used both for 
good and bad purposes! 

Rise of edibles for diagnostics 
and drug delivery
When the electronic device needs to 
stay inside the body forever or for 
a reasonably long time, it is worth 
operating on a patient to implant the 
device. However, if you just want 
it to stay inside for a few minutes, 
hours or even days, for the purpose 
of monitoring a health condition 
or temporarily dispensing some 
medicines, operating on the patient 
doesn’t make sense. This require-
ment led to the development of in-
gestible or edible electronics, which 
industry-watchers expect to create 
huge waves like wearables did. 

The electronics that you swallow, 
encapsulated in a pill, will sit in your 
gastrointestinal tract for a short time, 
before being ejected from your body 
like regular food waste. During this 
time it can capture videos, release 
drugs, monitor heart rate and respira-
tion, and perform other such tasks. 

Proteus Digital Health was one of 
the pioneers in ingestible tech, and 
their technology is now used com-
mercially by close to ten health sys-
tems. Their solution comprises a pill, 
a patch that is attached outside to the 
side of the stomach, and a mobile 

app/desktop portal. The pill is made 
of whatever drugs are required, and 
fitted with a sensor made of natural, 
ingestible materials like copper, mag-
nesium and silicon. When a patient 
swallows the pill, it dissolves like a 
normal pill in the stomach but leaves 
behind a sensor, which is activated by 
fluids in the body. This sensor sends a 
signal to the patch, which also meas-
ures heart rate, body position and time 
of medication detection. This informa-
tion is sent to the patient’s or doctor’s 
mobile phone. 

Regular drug intake is very impor-
tant for those undergoing complex 
medical treatments such as organ 
transplants. This pill could be very 
useful for such patients. Proteus has 
teamed up with Tokyo-based firm 
Otsuka to embed Proteus’ sensors 
into Abilify—a drug used for serious 
mental illnesses. 

Another forerunner in the space is 
Israel-based Given Imaging. Their Pill-
Cam series comprises pills with ingest-
ible cameras, which can help doctors 
to view different parts of the patient’s 
digestive system like the oesophagus 
or colon. It is a painless alternative to 
tests like endoscopy and colonoscopy. 
The PillCam Colon, for instance, uses 
a battery-powered camera to take 
high-speed photos as it slowly goes 
down the intestinal tract over a time 
period of eight hours. The images 
are transmitted to a recording device 
worn around the patient’s waist and 
later reviewed by a doctor. Although 

A range of ingestible cameras, which can help doctors to see the patients’ oesophagus, small 
intestine and colon (Credit: Given Imaging)
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the images are not as sharp 
as those obtained through 
normal colonoscopy, it is a 
viable alternative for those 
who cannot bear the pain 
or feel embarrassed by the 
procedure. 

Other versions of Pill-
Cam help doctors to see the 
small intestine and oesoph-
agus. The company has 
also developed SmartPill—
an ingestible capsule that 
measures pressure, pH and 
temperature as it travels 
through the gastrointestinal 
tract. This helps doctors to 
assess GI motility. 

Bravo pH is another 
capsule-based test that 
helps to test for acid reflux. 
The miniature pH capsule 
attaches to the oesophagus 
and sends pH data wire-
lessly to a small recorder 
worn on a shoulder strap 
or waistband. Information is col-
lected over multiple days, enabling 
doctors to study the frequency and 
duration of acid flowing back up 
into the oesophagus. This helps to 
confirm the presence of gastroe-
sophageal reflux disease (GERD). 
This is a totally catheter-free solu-
tion, so the patients can go about 
normal activities and have a normal 
diet while the pill unobtrusively 
monitors their acid reflux. They 
can remove the receiver to take a 
shower. This type of monitoring 
under a normal routine gives better 
results than keeping the patient 
under observation.

Unique engineering challenges
The most obvious challenge to 
edible electronics is, obviously, 
miniaturisation. It is impossible 
to implant or consume something 
that is bulky. With the electronics 
industry in general moving towards 
miniaturisation in everything, this 
goal has become more achievable 
in implantable devices, too. Unlike 

the traditional pacemaker, the newer 
leadless pacemakers are about the 
size of a large capsule, and can be 
placed directly in the heart. These 
can be implanted through a femo-
ral vein puncture in about half an 
hour. No more bulges or scars, these 
pacemakers are very unobtrusive 
and apparently also less prone to in-
fections. The National Heart Centre 
Singapore (NHCS) began implanting 
such pacemakers last year. 

Thermal management is an-
other huge challenge in implantable 
devices. Like any other electronic 
device, implantable devices too 
vent out waste heat. However, this 
heat should not harm the surround-
ing tissues. So while designing an 
implantable device, engineers have 
to consider thermal properties of 
biomaterials, the effect of blood 
flow on temperature distribution, 
interfacial contact resistance, effect 
of temperature change on various 
types of tissues and communica-
tion duty cycles of embedded 
electronic components. 

Further, the in-vivo 
electronic device must be 
biocompatible—it must 
not cause any adverse 
reaction inside the body. 
It must be stable over 
time, despite the temper-
ature and pH variations 
in the human body. The 
biocompatible materials 
must not contain cancer-
causing toxins, and 
must mostly be made of 
materials naturally suit-
able to the human body. 
The insulation materials 
must match the texture 
and smoothness of the 
surface they interface 
with, be it tissue, bone 
or skin. 

Currently, we have 
biocompatible polymers 
for use in drug delivery 
devices, skin or cartilage 
and ocular implants; 

metals for dental and orthopaedic 
work; semiconductor materials for 
bio-sensors and implantable micro-
electrodes; and ceramics for bone 
replacements, heart valves and den-
tal implants. But, ingestible electron-
ics adds to the constraints, requiring 
the device and its power source to 
be made of materials that are part 
of our diet and can be disintegrated 
and disposed of easily by the body.

The search is on
There is a lot of ongoing research 
on bio-inspired, biocompatible 
materials and power sources, which 
can improve the performance 
and reliability of implantable and 
ingestible devices. 

A recent paper by MIT research-
ers, published in Nature, describes 
a biocompatible power source that 
lasts much longer than current 
options that can power the edible 
device only for a few minutes or at 
the most a few hours. This energy-
harvesting galvanic cell for continu-
ous in-vivo temperature sensing and 

Two types of flexible, biocompatible aqueous sodium-ion batteries developed 
by a team at Fudan University (Credit: Zhaowei Guo et al)
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wireless communication could de-
liver an average power of 0.23μW per 
square-mm of electrode area for an 
average of 6.1 days, when used for 
temperature measurements in the 
gastrointestinal tract of pigs. 

In yet another development, Dr 
Christopher Bettinger of Carnegie-
Mellon University proposed 
biodegradable elastomers as 
structural polymers, and melanin-
based pigments as materials 
for on-board energy storage in 
implantable and ingestible elec-
tronics. His lab focuses on the de-
velopment of biomaterials-based 
micro-electromechanical systems 
(MEMS) for use in regenerative 
medicine, neural interfaces, drug 
delivery, etc. They have developed 
edible, biocompatible batteries 
that use non-toxic materials already 
present in the body, with available 
liquids such as stomach acid as 
the electrolyte. Their cathodes use 
melanin, while anodes are made of 
manganese oxide. These electrodes 
dissolve harmlessly after use. 

A team of researchers, including 
Zhaowei Guo and others from Fudan 
University in China, have developed 
a family of flexible and biocompat-
ible aqueous sodium-ion batteries for 
implants. Instead of toxic electrolytes, 
these batteries use sodium-containing 
aqueous electrolytes such as normal 
saline and cell-culture medium. The 
cell-culture medium comprises amino 
acids, sugars and vitamins, which is 
quite similar to the fluid that sur-
rounds cells in the human body. 

The team made two kinds of bat-
teries. One was a two-dimensional 
belt-shaped battery made of thin 
films of electrode material stuck on 
a mesh made of steel strands. The 
other used a woven carbon nanotube 
fibre backbone with embedded nano-
particle electrode materials. 

This fibre-shaped electrode with 
normal saline or cell-culture medium 
electrolyte surprised the research-
ers by accelerating the conversion 
of dissolved oxygen into hydroxide 

ions, and changing the pH. While 
this could be detrimental to the 
effectiveness of the battery, it could 
be very useful in biological and 
medical investigations like cancer 
starvation therapy.

In Stanford, a team led by 
Zhenan Bao has developed a flexible 
electronic device that can easily be 
degraded into non-toxic compounds 
just by adding a weak acid like 
vinegar to it. Apart from the poly-
mer and the degradable electronic 
circuit, the team has also developed 
a new cellulose-based biodegrad-
able substrate material for mounting 
the electrical components. Accord-
ing to them, this substrate supports 
electrical components, flexing and 
moulding to rough and smooth 
surfaces alike. 

Bao is not new to this field. 
Human skin has always fascinated 
her, and she previously developed a 
skin-inspired stretchable electrode, 
which was so flexible that it could 

easily interface with the skin or 
brain. However, the electrode’s non-
degradability made it unsuitable for 
implantable devices. 

Bao says in a media report that 
they came up with an idea of mak-
ing these molecules using a special 
type of chemical linkage that can 
retain the ability for the electron 
to smoothly transport along the 
molecule. But this chemical 
bond is sensitive to weak acid—
even weaker than pure vinegar. 
So the result was a polymer ma-
terial that could not only carry 
an electronic signal but also 
break down easily to product 
concentrations much lower than 
the published acceptable levels 
found in drinking water. 

How do sensors made of 
biocompatible materials compare 

with those made of food itself? Well, 
obviously you would prefer the lat-
ter. So thought a team of researchers 
from the University of Wollongong in 
Australia! In a paper, they reveal that 
the development of highly swollen, 
strong, conductive hydrogel materi-
als is necessary for the advancement 
of edible devices. So they analysed 
the electrical properties of everyday 
food products like jelly, Vegemite 
and Marmite (two popular brands of 
yeast extract) and harnessed them 
to make edible hydrogel electrodes. 
These gels were used to demonstrate 
a capacitive pressure sensor that 
can help detect digestive pressure 
abnormalities such as intestinal 
motility disorders.

Eat your robot
We have biocompatible materials as 
well as transistors, sensors, batteries, 
electrodes and capacitors made using 
such materials. So you might think, 
why not a robot, too? But, what sets 
a robot apart from other computing 
systems is its ability to move—a ro-
bot needs an actuator, and attempts 
at making an edible one have been 
unpalatable all along! 

Switzerland-based research 

A new flexible and biodegradable semiconductor 
developed at Stanford University that can adhere 
to smooth or rough surfaces. Here it is shown 
clinging to an avocado! (Courtesy: Bao Lab)
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organisation EPFL has made some 
headway recently. At a conference 
held this year, researchers led by 
Dario Floreano presented the pro-
totype of a completely edible, soft, 
pneumatic actuator made of gelatin, 
glycerin and water. The design and 
performance of this new gelatin 
actuator is comparable to standard 
pneumatic actuators. Its structure 
causes it to bend when inflated and 
straighten out again when pres-
sure is reduced. The main benefits 
are that it is edible, biodegradable, 
biocompatible and environmentally 
sustainable. Since gelatin is melty, 
the actuator also turns out to be 
self-healing! 

The researchers explain several 
exciting applications for this actua-
tor. The components of such edible 
robots could be mixed with nutrients 
or pharmaceutical components to 
improve healing, digestion and me-
tabolism. These can be used as dis-
posable robots to explore, study the 
behaviour of wild animals, cure sick 
animals or train protected animals 
to hunt. These can also be used in 
relief measures. In search-and-rescue 
operations, the robot can be sent 
without a payload to stranded people 
as the robot itself is food! 

But can we pay the bills?
A recent Frost & Sullivan report 
noted that the fastest growing seg-
ment amongst the many types of 

A fully edible, soft, pneumatic actuator undergoing a gripper grasping test (Credit: EPFL)

implants is implantable neuro-stimu-
lators, which help treat neurological 
disorders such as epilepsy, dementia, 
Alzheimer’s disease, Parkinson’s 
disease and dystonia. It is also likely 
that in the future, these implantable 
electronics will be digitally connected 
to improve the scope of remote drug 
delivery, testing and diagnostics. 

The cost of researching and devel-
oping implants continues to be high 
due to the criticality and complica-
tions involved—and often this cost 
reflects in the end price points. In 
the report, Frost & Sullivan industry 
analyst Bhargav Rajan noted that the 
constant stream of innovations has 
attracted substantial private funding 
to the implantable electronics market, 
while public funding is expected to 
improve in the future. He also sug-
gested that technology developers can 
lower development costs by collabo-
rating with early-stage start-ups and 
small- and medium-sized enterprises. 
This will allow them access to cross-
industry expertise and cutting-edge 
innovations, which, in turn, will help 
lower the price points.

A majority of the population 
seeking implants belongs to low- and 
middle-income groups. Taking note 
of this factor, the report also stressed 
that the growth of this sector depends 
not entirely on technological devel-
opment but also the availability of 
insurance coverage and reimburse-
ments for such devices.  

tech focus
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The electrical resistivity of a metal-
lic conductor decreases gradually 
as its temperature is lowered. In 

ordinary conductors, this decrease is lim-
ited by impurities and other defects. So 
even near absolute zero, normal conduc-
tor shows some resistivity. On the other 
hand, in a superconductor, the resistance 
drops abruptly to zero when the material 
is cooled below its critical temperature. 
Thus, an electric current flowing through 
a loop of superconductor can persist 
indefinitely with no power source. 

Superconductivity has been instru-
mental in bagging The Noble Prize in 
Physics five times for findings as listed in 
the table on next page. 

Superconductors are touted as one 
of the greatest discoveries of quantum 
physics. These are already being used 
for magnets in MRI machines, levitation 
transport and many other applications. 
Superconductors may one day fuel su-
perfast computers, which will, of course, 
benefit intelligence agencies that need 
to process and analyse vast quantities of 
data. Superconducting technologies may 
also pave the way for superior electrical 
grids and even magnetic levitation trains.

Superconducting electronics

Though low- to high-temperature super-
conducting materials have their own appli-
cations on the basis of superconductivity 
alone, semiconductors have a decade-long 
headstart and dominate the electronics 
industry as well. For a long time, scientists 
have talked about whether supercon-
ductors would be a viable alternative to 
semiconductors for advanced computing 
as superconductor enable lower-power, 
faster, radiation-hardened electronics.

Further, with a growing demand for 
electronics having miraculous characteris-
tics (low noise, low loss, low dissipation, 
less weight, high resolution, high speed, 
high frequency, etc), use of electronic and 
superconductivity properties of materi-
als—together known as ‘superconducting 
electronics’ or ‘electronics with super-
conductors’—is turning to be a field with 
varied applications, including supercon-
ducting circuits, superconducting quantum 
interference devices (SQUIDS) magnetom-
eters, current limiters and electronic filters. 
Superconducting electronics is of great 
interest for several niche applications, 
like ultrafast routers for communication 
networks, analogue-to-digital converters 
working in the microwave field and ultra-
sensitive digital receivers, which have no 
counterpart in the semiconductor world.

Scientists across the world are inves-
tigating superconducting materials that 
could transform electronics in much the 
same way as silicon-based semiconduc-
tors did. Superconducting materials offer 
less resistance than semiconductors, so 
currents flow much faster. Researchers 
intend to build software applications 
that will make it easier to design and 
develop superconducting networks to 
power future supercomputers capable 
of much faster processing with lower 
energy requirements. 

Emergence Of  
Superconducting electronicS

Dr S.S. Verma 
is a professor 
at Department 
of Physics, Sant 
Longowal Institute 
of Engineering and 
Technology, Sangrur, 
Punjab 
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Tools are needed to reduce the 
time and cost to design supercon-
ductor-based circuits, potentially 
revolutionising the computer and 
electronics industry. Therefore, to 
advance the science of supercon-
ducting, researchers have begun to 
build electronic design automation 
and technology computer-aided de-
sign (TCAD) tools that will make it 
simpler to blueprint circuits based 
on superconducting materials. 

The programme’s short-term 
goal is to significantly reduce de-
sign time and increase the reliabil-
ity of designs for complex circuits 
made of superconducting materials. 
The longer-term goal is to achieve 
a full, integrated design automa-
tion chain for digital-analogue 
hybrid circuits. By making it faster 
and easier to design such circuits, 
researchers intend to spur the wide-
spread adoption of superconductor 
technologies. 

Ultimately, the availability of 
design tools may foster very-large-
scale integrated design of super-
conducting electronics, which can 
include millions or even hundreds 
of millions of components on a 
single chip. 

Building tools
Physicists found a way to control 
electrical transport through a super-
conducting material by building a 
device within it. Called Josephson 
junction, the device is analogous in 
function to the transistor in semi-
conductor electronics. It’s 
composed of two super-
conducting electrodes 
separated by about one 
nanometer—a billionth of 
a meter.

Circuits built from 
Josephson junctions are 
called SQUIDS, and used 
for detectors of extremely 
small magnetic fields, 
that are more than ten 
billion times smaller than 
Earth’s. However, these 

devices require low temperatures 
to operate, typically just 4 degrees 
above absolute zero. This requires 
intricate and costly cooling systems. 

Nearly three decades have 
passed since the discovery of the 
first high-temperature superconduc-
tor, but progress in building elec-
tronic devices using these materials 
has been very slow, because process 
control at the sub-10-nanometre 
scale is required to make high-
quality Josephson junctions out of 
these materials.

Further developments led to 
ceramic materials that become 
superconducting—that is, lose all 
resistance to electricity—at tempera-
tures that can be easily achieved in 
the laboratory with liquid nitrogen. 
Discovery of high-temperature 

superconductivity has set off an 
intense effort to develop new kinds 
of electronics and other devices with 
these new materials. 

In yet another development, 
physicists have found a new way 
to control the transport of electrical 
currents through high-temperature 
superconductors. Their achievement 
paves the way for the development 
of sophisticated electronic devices 
that are capable of allowing scien-
tists or clinicians to non-invasively 
measure tiny magnetic fields in the 
heart or brain, and improve satellite 
communications. 

This new approach will have a 
significant and far-reaching impact 
in medicine, physics, materials sci-
ence and satellite communications. 
It will enable development of a new 

generation of supercon-
ducting electronics cov-
ering a wide spectrum, 
ranging from highly 
sensitive magnetometers 
for biomagnetic meas-
urements of the human 
body to large-scale 
arrays for wideband sat-
ellite communications. 
In basic science, it could 
contribute to unravel-
ling the mysteries of 
unconventional super-

Winners of The noble Prize in Physics  
for suPerconducTiviTy

recipients year of 
award

discovery/research

Heike Kamerlingh  Onnes 1913 For his investigations on the properties of matter at low tem-
peratures, which led, inter alia, to the production of liquid helium

John Bardeen, Leon Neil 
Cooper and John Robert 
Schrieffer

1972 For their jointly developed theory of superconductivity, usually 
called the BCS-theory

Leo Esaki, Ivar Giaever 
and Brian D. Josephson

1973 For their experimental discoveries regarding tunneling phenom-
ena in semiconductors and superconductors, respectively, and 
for theoretical predictions of the properties of a supercurrent 
through a tunnel barrier, in particular phenomena that are gener-
ally known as the Josephson effects

J. Georg Bednorz and  
K. Alexander Müller

1987 For their important breakthrough in the discovery of supercon-
ductivity in ceramic materials

Alexei A. Abrikosov, Vitaly 
L. Ginzburg and Anthony 
J. Leggett

2003 For pioneering contributions to the theory of superconductors 
and superfluids
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conductors and play a major role in 
new technologies such as quantum 
information science.

Using focused helium beam to 
irradiate and hence disorder a na-
noscale region of the superconduc-
tor to create the so-called ‘quantum 
mechanical tunnel barrier,’ research-
ers were able to write Josephson 
circuits directly into a thin film 
of the oxide superconductor. This 
direct-write method eliminated the 
lithographic processing and offered 
the promise of a straightforward 
pathway to quantum mechanical 
circuits operating at more practical 
temperatures. 

Physicists are now collaborating 
with medical researchers to ap-
ply their work to the development 
of devices that can non-invasively 
measure tiny magnetic fields gener-
ated within the brain, in order 
to study brain disorders such as 
autism and epilepsy in children. In 
the communications field, they are 
developing wide-bandwidth, high-
data-throughput satellite communi-
cations. In basic science, scientists 
are studying ceramic supercon-
ducting materials to determine the 
physics governing their operation, 
which could ultimately lead to 
improved materials working at even 
higher temperatures.

Development state
The superconducting-electronics 
community has seen a lot of new 
devices come and go without any 
development beyond basic charac-

terisation. Superconductors have no 
electrical resistance, meaning that 
electrons can travel through them 
completely unimpeded. On the other 
hand, even the best standard con-
ductors—like copper wires in phone 
lines or conventional computer 
chips—have some resistance, over-
coming which requires operational 
voltages much higher than those 
that can induce current in a super-
conductor. Once electrons start mov-
ing through an ordinary conductor, 
these still collide occasionally with 
their atoms, releasing energy as 
heat. Superconductivity damps the 
vibrations of atoms, letting electrons 
zip past without collision. 

Researchers are focusing on 
superconducting circuits made from 
niobium nitride, which has a rela-
tively high operating temperature. 
That’s become possible with liquid 
helium. Cheap superconducting cir-
cuits could also make it much more 
cost-effective to build single-photon 
detectors—an essential component 
of any information system that 
exploits the computational speedups 
promised by quantum computing. 

Researchers have developed 
a device called as nanocryotron, 
after the cryotron. An experimen-
tal computing circuit developed in 
the 1950s, cryotron was briefly the 
object of interest and federal fund-
ing as the possible basis for a new 
generation of computers, but it was 
eclipsed by the integrated circuit. 
Superconducting circuits are used 
in light detectors that can register 
the arrival of a single light particle, 
or photon; that’s one of the applica-
tions in which the researchers tested 
the nanocryotron. Researchers also 
wired together several circuits to 
produce a fundamental digital-arith-
metic component called ‘half-adder.’ 

The nanocryotron—or nTron—
consists of a single layer of niobium 
nitride deposited on an insulator in 
a pattern that looks roughly like a 
capital ‘T.’ But where the base of T 
joins the crossbar, it tapers to only 

about one-tenth its width. Electrons 
sailing unimpeded through the base 
of T are suddenly crushed together, 
producing heat, which radiates 
out into the crossbar and destroys 
niobium nitride’s superconductivity. 
A current applied to the base of T 
can thus turn off a current flowing 
through the crossbar. That makes 
the circuit a switch—the basic com-
ponent of a digital computer. 

After the current in the base 
is turned off, the current in the 
crossbar resumes only after the 
junction cools back down. Since the 
superconductor is cooled by liq-
uid helium, that doesn’t take long. 
But the circuits are unlikely to top 
the 1GHz speed typical of today’s 
chips. Still, these could be useful 
for some lower-end applications 
where speed isn’t as important as 
energy efficiency. 

Their most promising applica-
tion, however, could be in making 
calculations performed by Joseph-
son junctions accessible to the 
outside world. Experiments demon-
strated that currents even smaller 
than those found in Josephson-
junction devices were adequate to 
switch the nTron from a conduc-
tive to a nonconductive state. And 
while the current in the base of 
T can be small, the current pass-
ing through the crossbar could be 
much larger—large enough to carry 
information to other devices on a 
computer motherboard.

Growing applications
With the growing demand for cheap, 
small, invisible, efficient, reliable, 
no-vibrations and non-magnetic 
electronics, researchers are looking 
towards superconducting electron-
ics. Superconducting electronics can 
provide devices and circuits with 
properties not achievable with any 
other known technology; very-low-
loss, zero-frequency-dispersion signal 
transmission lines, very-high-Q-value 
resonators and filters, and quantum-
limited electromagnetic sensors 

Operation of a single memory cell. The magnetic 
field of a superconducting write-line magnetises 
a ferromagnetic dot, which controls the critical 
current of a Josephson tunnel junction 
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for radiation from DC through the 
millimeter-wave region and into the 
infrared. The newly discovered high-
temperature superconducting materi-
als could revolutionise electronics as 
their very interesting properties and 
device behaviour would lead to an 
operating temperature where cooling 
requirements are greatly reduced 
and where hybrid semiconductor-
superconductor circuits can be 
built that use the best features of 
each technology. 

Electronic filters. A filter is an 
electronic circuit that selects some 
frequencies while blocking the rest. 
For instance, filters are used in radio 
sets to select the radio station users 
want to listen to; the radio set re-
ceives signals of all the stations, but 
the filter allows only the frequency 
of the selected station. 

However, filters are not flaw-
less; these always tend not to block 
a small part of the non-selected 
signals, especially if the latter use 
a frequency that is not very dif-
ferent from the selected one. This 
causes the very annoying situation 
of a radio picking up two stations 
at the same time, because the 
filter has trouble differentiating the 
two signals. 

With the development of 
telecommunications over the last 
couple of years, the most efficient 
filters are required. Yet, the electric 
resistance of materials used to build 
these circuits limits their quality. 
Superconductors provide a solution 
to this problem. 

Filters made of superconducting 
materials are more efficient than 
regular filters. These are used in 
cell phones’ relay antennae, ena-
bling them to pick up signals from 
sources at longer distances away. 
All over the world, several thousand 
relay antennae use superconducting 
filters. These filters could also be 
used in telecommunication satel-
lites.

Superconducting circuits. These 
can be built so as to efficiently pro-

tect an electrical plant from power 
supply accidents (high voltage or 
short-circuit). These limiters react 
very quickly, guarantee an optimal 
protection of the plant and auto-
matically reset when the accident 
is over. 

Computer chips with supercon-
ducting circuits would be 50 to 100 
times as energy-efficient as today’s 
chips—an attractive trait given the 
increasing power consumption of 
the massive data centres that power 
the Internet’s most popular sites. 
Superconducting chips also promise 
greater processing power.

Superconducting circuits that 
use so-called Josephson junctions 
have been clocked at 770 gigahertz, 
or 500 times the speed of the chip 
in iPhone 6. But Josephson-junction 
chips are big and complex to make; 
to top it all, these use such minute 
currents that their computation 
results are difficult to detect. So for 
the most part, they’ve been rel-
egated to a few custom-engineered 
signal-detection applications. 

Researchers have presented a 
new circuit design that could make 
simple superconducting devices 
much cheaper to manufacture. And 
while these circuits’ speed probably 
wouldn’t topple today’s chips’, they 
could solve the problem of reading 
out the results of calculations per-
formed with Josephson junctions. 

SQUID applications. In super-
conducting electronics, Josephson 
junctions and SQUIDs are active 
devices. Analogue electronics is 
used for detectors, mixers, voltage 
standards and ultra-sensitive mag-
netometers with their application to 
fields ranging from radio astronomy 
through metrology to stand-off secu-
rity imaging. 

RSFQ electronics. Rapid single-
flux quantum (RSFQ) electronics 
is currently under development. It 
is a binary sort of electronics that 
uses 0s and 1s (contrary to quan-
tum electronics). Instead of silicon 
transistors, RSFQ electronics uses 

Josephson junctions to manipulate 
magnetic flux quantum. Flux quan-
tum is used to encode bits (0 or 1). 
This technique allows operation at a 
very fast speed, up to 100GHz, while 
dissipating much less heat than 
average circuits. 

RSFQ electronics represents a 
potential leap for electronics, but, 
besides low temperatures, it also 
requires a radical change of technol-
ogy, which significantly delays any 
marketing possibility. Superconduct-
ing digital logic circuits use single-
flux quanta (SFQ), also known as 
magnetic flux quanta, to encode, 
process and transport data. While 
voltages and capacitors are impor-
tant in semiconducting logic circuits 
such as CMOS, currents and induc-
tors are the most important param-
eters in SFQ logic circuits.

Research in superconducting 
electronics is mostly centered on 
RSFQ digital electronics. Associated 
digital circuits use Josephson tunnel 
junction as the basic component. 
RSFQ circuits use Josephson junc-
tions that are resistively shunted in 
a careful way in order to be able to 
generate, propagate and store binary 
information through quanta of mag-
netic flux. This binary information 
propagates through the circuit as 
quantised voltage pulses. The pulse 
duration being of the order of a few 
picoseconds, the repetition rate of 
such pulses—the maximum clock 
frequency that RSFQ circuits can 
handle—is several tens to several 
hundreds of GHz. Pulse propagation 
takes place without losses in the 
superconducting circuits at a speed 
close to half the light speed. 

The presence of a quantised 
pulse in a given time interval is 
digitally coded as ‘1’, while the 
absence of such pulse is coded as 
‘0.’ Binary information is stored in 
the circuits as a permanent cur-
rent running in a superconducting 
loop. The flux associated with this 
current corresponds to the magnetic 
flux quantum.  
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design

3D printers are penetrating into 
the market, enabling rapid pro-
totyping of realistic 3D models. 

Ever wondered how these printers are 
designed? In an era of unified commu-
nications, where everything is smart 
and connected, the prevalent output 
technologies are no less than a commu-
nion of traditional design and modern 
components. The coming together of 
these two results in disruptive innova-
tions and solutions.

Take, for instance, digital speakers. 
Their sound output is much better than 
of traditionally used amplifying sys-
tems. How are devices becoming more 
powerful in functionality while reducing 
in volume? The answer is simple: The 
design to build them is transforming.

Here’s a look at how video, audio, 
print and tactile designs for output 
technologies are being upgraded in the 
smart world.

Video/display
Next-generation display technologies 
include organic light-emitting diode 
(OLED), surface-conduction electron-
emission display (SED), field-emission 
display (FED) and quantum-dot display 
(QD LED). Companies like Sony, Pana-

sonic, Samsung and LG are using OLED 
in their TV sets, smartphones and other 
devices. Canon and Toshiba are imple-
menting SED, while Motorola is working 
on FED.

QD LED has found wide acceptance 
as it is reliable and energy-efficient. 
It can be fabricated using either of 
two techniques: phase separation or 
contact printing. 

BenQ is using QD LED displays in its 
latest range of products. “The world is 
moving towards product specialisation. 
BenQ’s 69cm (27-inch) QHD (2560x1440) 
IPS LED display delivers 100 per cent 
sRGB colour accuracy and wide viewing 
angle performance,” shares Rajeev Singh, 
BenQ India managing director. 

BenQ also has a range of high-tech 
dustproof projectors for schools. These 
projectors are equipped with Dust Guard 
technology, enabling them to last longer 
and reduce downtime while still deliver-
ing good image quality and performance. 
Dustproof line products come equipped 
with sealed engines, anti-dust accumu-
lation sensor, Hall sensors, and dust 
filters to prolong service and ultimately 
save schools the trouble of cleaning, 
repairing and replacing dust-damaged 
AV equipment.”

How Output technOlOgies  
Are Changing For The Better 

Nidhi Arora is 
executive editor 
at EFY 

Fig. 1: QD-LED display design (Image source: www.htforum.com)
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Singh explained, “Sealed 
engines offer complete protec-
tion for colour wheels, DLP 
chips and light path compo-
nents, virtually eliminating the 
possibility of colour-wheel-
sensor failure, visible spotting 
on images and colour decay. 
Dust filters block particulate 
matter as small as 2.5 mi-
crometres (PM2.5) and 90 
per cent of all airborne dust 
particles. Hall sensors make 
projectors invulnerable to dust 
accumulation. The BenQ Anti-
Dust Accumulation Sensor 
prevents dust accumulation, 
significantly prolonging the life 
of the device.”

OLED displays are the lat-
est fad among smartphones.  
G. Rajeswaran, director of 
OLED display manufacturing 
company Grantwood, shared, 
“The major reason for OLED 
display adoption is the fact 
that, unlike an LCD, it shows 
deep black levels and is thin-
ner and lighter. Also, an OLED 
screen can achieve higher 
colour contrast ratio than 
an LCD.”

LCDs continue to rule a 
segment of display range for 
industrial products. Jason Tsai, 
marketing manager at KOE (a 
Taiwan-based industrial LCD 
manufacturing company), 
said, “To keep up with the 
needs of new devices, KOE’s 
Rugged+ displays have been 
specifically developed to have 
robust mechanical, electrical and 
environmental characteristics 
that are highly resistant to shock, 
vibration, electro-static discharge 
and temperature variation. The 
new high-resolution 26cm (10.3-
inch) displays implement in-plane 
switching display technology, 
which provides exceptional optical 
performance with highly consis-
tent colour reproduction and wide 
viewing angles.”

Audio
Today, speakers are not just port-
able but also come with innovative 
amplifiers to cover up for the lost 
experience that the bigger systems 
used to provide.

Siddharth Aryan, founder, 
Sound by Design, explained, “The 
new-generation speakers, whether 
independent or built into laptops, 
now come with smart amplifiers. 
These devices are a combination 
of system-on-a-chip and digital 

signal processing technol-
ogy powered by new driver 
topologies. Such upgradation 
in technology has improved 
both the quality and volume 
of sound output.”

Smart amplifiers consist 
of digital signal processing 
blocks, which help to modify 
the frequency curve accord-
ing to the set output volume. 
Smart sensors gain infor-
mation about voltage and 
temperature.

Aryan feels, “This is just 
the beginning, we’ll see more 
and more improvements in 
products with components 
helping to give more output 
at less power and minimal 
loss.” 

Tactile
Devices with tactile or haptic 
technology aim to address 
somatic senses of users with 
their output. The vibrations 
that we feel on our smart-
phones are what tactile 
output is all about. Tactile 
output is especially useful for 
graphical and robotic applica-
tions.

Krispian Lawrence, 
founder, Ducere Technologies, 
explained, “Haptic technolo-
gies take data from a source 
and use tactile (touch-based) 
sensors to respond to it in 
the form of vibrations or 
touch-based sensations for 

the user. Haptic sensors are in-built 
in the product design, and cause 
the desired output to the user when 
the device receives signals through 
Bluetooth, Wi-Fi or any other con-
necting technology.”

Haptic output can be provided 
through pneumatic stimulation 
(using air-jets and air-pockets), 
vibrotactile stimulation (using blunt 
pins and piezoelectric crystals), and 
electrotactile stimulation (using 
small electrodes).  

Fig. 5: Haptic architecture (Image source: image.slidesharecdn.com)

Fig. 3: LCD architecture (Image source: https://lh4.
googleusercontent.com)

Fig. 4: Smart amplifier block diagram (Image source: www.
electronicdesign.com)
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smartphones

As smartphones near commod-
itisation, original equipment 
manufacturers are seeking new 

ways to differentiate their products. 
Today, smartphones are predominantly 
made with metal cases in aluminium, 
stainless steel, titanium or magnesium. 
These metals act as an amplifier for 
the antennae while providing superior 
mechanical performance, durability, and 
a high-quality aesthetic and feel. Yet, 
the next generation of smartphones will 
trend toward glass casing, which will al-
low some truly thin and elegant designs. 

One of the main hurdles with glass 
smartphones is that these may not have 
the mechanical integrity needed to 
stand up to the dropping, tumbling and 
extensive daily use that smartphones 
must endure. In addition, glass is not a 
suitable material for antenna amplifica-
tion. Smartphones have two antennae 
for cellular transmission, as well as 
antennae for GPS, Wi-Fi and Bluetooth. 
The cellular antennae are connected to 
the frame (and metal case), which acts 
as an amplifier.

To overcome these hurdles, glass 
cellphones are being designed with 

metal frames. To ensure good reception ef-
ficiency, the metal frame is separated into 
three parts—upper, lower and a grounded 
central portion—which must be electri-
cally isolated from each other. 

Nano mould technology (NMT) 
provides direct metal-to-polymer bond-
ing. By etching the surface of the metal, 
a deeply textured surface is created at 
micro and nano levels, enabling optimal 
polymer infiltration and interlock. In 
addition to high electrical resistance, the 
material needs to achieve a strong bond 
without trapping air gaps, to prevent 
it from delaminating under stress or in 
poor conditions. It must also endure the 
high heat of processes used to decorate 
the metal, such as anodisation, vacuum 
metallisation, physical vapour deposition 
or electrodeposition.

There is a new material, based on high-
performance ForTii Ace polymer, which 
has been designed specifically for NMT. 
With the highest mechanical strength and 
glass transition temperature (Tg) of all 
polyphthalamides, this material matches 
polyether ether ketone (PEEK) in tempera-
ture and chemical resistance, while out-
performing it in stiffness at high process-
ing temperatures. The material’s unique 
chemistry ensures excellent flow for 
sufficient filling of micro and nano pores, 
and superior crystallisation behaviour for 
exceptionally high NMT bonding forces. 

Two dedicated NMT grades have been 
developed for bonding to titanium and 
stainless steel alloys: ForTii NMX33 and 
ForTii Ace NMX5. For applications that 
rely on dimensional stability, heat and 
UV resistance or dielectrics, ForTii Ace 
provides designers with the freedom to re-
alise the next-generation of glass-encased 
smartphones, as well as other creative 
metal-to-plastic bonding applications that 
require the highest aesthetics and material 
performance.  

Transforming Next-geNeratioN 
DesigN Into A Reality 

Vikram Patil is 
regional manager 
- South India, 
Industrial Segment, 
DSM Engineering 
Plastics, Pune 
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internet of things

India is fast becoming a hotbed for 
research on the Internet of Things (IoT), 
machine learning, artificial intelligence 

and more. The engineering and research 
community is optimistic that the country 
can do away with manual ways of doing 
things across various industries, speed-
ing up the processes while also making 
them transparent.

One field that needs immediate inter-
vention is agriculture and farming, where 
manual bureaucracy has denied farmers 
(more so marginal farmers) government-
fixed prices for their produce.

How IoT and other smart concepts 
transform farming
“IoT is helpful in instantaneous collection 
of detailed data. The tracking of quantity, 
quality, time and price at various points of 
exchanges will help us to focus on areas of 
improvement,” states Dr Regi Mathew, data 
scientist at CleverInsight—a firm that is 
focused on leveraging the Internet of Things 
to transform businesses across the world.

Dr Regi believes that the right IoT-driven 
data collection mechanism will allow farm-
ers (and the agricultural sector as a whole) 
to actually monitor the amount of produce 
that enters wholesale retailers.

Currently, most farmers still prefer mid-
dlemen (and agents) to find sales channels 
for their produce. This leads to a scenario 
wherein agents become price fixers and buy 

farmers’ produce at prices that are gener-
ally way below the market rates. Often, 
agents and middlemen quote insufficient 
supply or inferior quality of supply. This 
creates an artificial scarcity situation with 
respect to quantity and quality, leading to 
profit loss for farmers.

Creativity of embedded engineers and 
IoT service providers comes into play here, 
with respect to developing sensors that can 
monitor the amount of produce along with 
the quality of the supply in wholesale trad-
ing. Here, farmers should be offered techni-
cal insights in a simple manner so that they 
can gauge the end-results (in terms of qual-
ity of their produce) and directly deliver 
these to a wholesale retailer.

Farmers can be offered insights via 
mobile apps, and even text messages, after 
analytics is run on the data collected by 
sensors. Wholesale traders can directly con-
nect with farmers after going through the 
agricultural data analysis (organised based 
on location as well) and revert with the 
current market prices. Thus middlemen are 
eliminated from the picture altogether.

Big Data: A ‘big’ advantage  
for farmers
“Agriculture production and distribution 
is an ideal case of Big Data application,” 
informs Dr Regi. This means that technolo-
gists should work on presenting the agri-
culturists with dashboards that are capable 

Rahul R. is a 
technology  
journalist based  
in Bengaluru 
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of tracking even the minutest aspects 
such as transportation costs from 
place A to place B.

Even demand prediction is an 
important advantage of Big Data and 
analytics over raw agriculture data.

“With Big Data applied, farmers 
can adjust their harvest based on the 
upcoming demand. If they have the 
right information, they can decide to 
sell immediately, store or preserve the 
produce in case it is perishable. Plant-
ing decisions can be made based on 
long-term forecasts,” advices Dr Regi.

In summary, Big Data and analyt-
ics empower farmers with the right 
knowledge to find easy and legal 
sales channels offering the best prices 
for their produce.

“During the times of actual 
produce scarcity, prices go up and 
farmers switch crops. This leads to 
abundance in the next cycle and 
price crash. The cycle repeats and 
farmers face crisis one after another. 
Such situations can be avoided if 

intelligence is shared with farmers in 
advance. The role of data analytics 
and Big Data is invaluable here.”

Smart marketplace models: The 
easiest to develop and deploy
Data scientists and IoT researchers 
believe that the easiest solution to 
the problem is deployment of smart 
marketplace models wherein farm-
ers are constantly e-connected with 

companies interested in purchasing 
agricultural produce.

The biggest advantage of this 
system is that prevailing market 
prices are communicated dynami-
cally to farmers via Big Data and 
analytics as soon as the conversa-
tion is initiated. This information 
included geographical location of 
the farm in which the produce is 
harvested, the fertility of the farm, 

e-NAM portal of the government of India 
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prevalent weather conditions at the 
time of farming, and water sources.

This data is made available to 
farmers easily through a mobile 
application. Farmers can verify this 
‘analysed’ data with government 
authorities. This eliminates the need 
of middlemen as exact prices are 
computed smartly.

For example, “GreenAgtech pro-
vides a platform to sell the harvest 
to HORECA (hotels, restaurants, cafe 
segment), who can place order via 
the app. After the purchase order is 
placed, the company supplies fruits 
and vegetables to the order placer. The 
best part about such a platform is that 
farmers get the best prices without 
time delays,” shares Shweta Gaded, 
business analyst at Bengaluru-based 
Inventrom (a company that develops 
and deploys Bolt Garo-IoT solution).

According to a seasoned technolo-
gy professional (who offered insights 
on the condition of anonymity), apart 
from the agriculturist community, IoT 
researchers get to benefit the most as 
they get the opportunity to develop 
easily implementable IoT-driven agri-
cultural solutions.

“Hire engineers by the lot to work 
for your agro-IoT startups. Imple-
ment sensors at the soil level. These 
sensors will send data that helps in 
determining a farmer’s future. Vital 
aspects such as soil quality, moisture 
level and temperature can be analysed 
through Big Data and analytics, and 
delivered (through text messages) to 
farmers as customised dashboards,” 
he advises agro-IoT startups.

Making existing markets smart
Though at a nascent stage, agro-IoT 
solutions are completely practical, 
feel embedded engineers.

IoT devices are not uncom-
mon in marketplaces. These have 
seen the light of the day in several 
western economies. However, there 
are hitches. Geographical reach and 
connectivity with rural areas is still in 
its infancy in India. Marketplaces and 
fair-price shops are generally located 

50-100 kilometres away from the 
farms where produce is harvested. 
So farmers still prefer middlemen to 
sell produce. 

Nonetheless, Pune-based startup 
Ecozen has developed an IoT-driven 
solar-powered cold storage unit 
that is accessible even to small and 
marginal farmers. Tamil Nadu-based 
Nimble Wireless also offers IoT-driv-
en cold chain solutions to both the 
food as well as pharma sectors.

“IoT machines allow users to 
alert their farm for a refill at the 
push of a button. So middlemen can 
definitely be eliminated. The onus 
is now on IoT service providers and 
embedded engineers to design and 
deploy such smart market devices,” 
adds Shweta.

Direct open source tools
There are open source platforms that 
directly connect farmers with traders. 
So, if you are an engineer intending 
to start farming on your ancestral 
land or simply a farmer, check out 
following open source platforms:

e-NAM. An online portal devel-
oped by the government of India 
for trading in agriculture produce, it 
promises to liberate farmers from the 
clutches of middlemen and realise 
fair market value for their yields.

ConnectFarmer. A common plat-
form for processed farm products, it 
allows farmers to sell their produce 
directly to end users.

mKisan. Yet another buyer-seller 
platform created by the government 
of India, mKisan enables farmers to 
connect directly with buyers. Buyers 
register on this platform and choose 
the area from where they intend to 
buy the product. They can quote the 
price at which they want to procure 
a product. Farmers of the selected 
location get a text message on 

their mobile handset. This message 
contains name and mobile number 
of all interested buyers and the price 
offered to buy a commodity.

Government initiatives
The government’s interest in IoT 
and smart concepts has seemingly 
doubled. Together with Nasscom, it 
has formed the Centre of Excellence 
on the Internet of Things. This centre 
aims to further research on IoT 
across a plethora of domains such as 
smart cities and smart villages.

“The government is certainly tak-
ing necessary steps towards advanc-
ing the agriculture technologies and 
thereby making the life of farmers 
easier,” affirms Ravi Gupta, business 
analyst at Inventrom.

Other agro-IoT solutions  
by private players 
Agro-IoT solutions have already been 
deployed at the ground level. A classic 
example here is the Inventrom Bolt, 
which is designed to effectively solve 
the farmers’ crop failure issues. It 
helps farmers with site-specific nutri-
ent management with the help of sen-
sors and environment for crop growth 
involving storage mapping, and soil 
quality checking,

Clients use Inventrom’s Bolt for a 
wide variety of applications including 
farmer profiling, crop monitoring and 
soil weather monitoring.

“Bolt can save losses due to crop 
failure. An efficient online marketplace 
and supply chain management is an 
optimal solution to enhance farmers’ 
produce sales,” signs off Swetha.

For more information on Bolt and 
its use-cases, readers may please visit 
the following link: http:// 
electronicsforu.com/technology-
trends/must-read/iot-smart-farming-
rescue-farmers   

Major experts consulted
  Ravi Gupta, business analyst at Inventrom
  Dr Regi Mathew, chief data scientist at Clever Insight
  Swetha Gaded, business analyst at Bengaluru-based Inventrom 
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In 1990s, Neal Ford (now at Though-
Works) worked for a small company 
focused on a technology called Clip-

per. By writing an object-oriented frame-
work based on Clipper, they built DOS 
applications using dBase. With their 
expertise in Clipper, they had a thriving 
training and consulting business. Then, 
all of a sudden the Clipper-based busi-
ness disappeared with the sudden rise of 
Windows. With that, Ford and his team 
went scrambling to learn and adopt new 
technologies. “Ignore the march of tech-
nology at your peril” is the lesson that 
one can learn from this experience. 

Many of us live inside technology 
bubbles: It is easy to get cozy and lose 
track of what is happening around us. 
All of a sudden, when the bubble bursts, 
we are left scrambling to find some new 
job or business. Hence it is important to 
stay relevant. In the 1990s that meant 
catching up with things like graphical 
user interfaces (GUIs), client/server 
technologies, and later the worldwide 
web. Today, relevance is all about being 

agile and leveraging cloud, machine learn-
ing, artificial intelligence, etc.

With this background, we delve into 
serverless computing, which is an emerg-
ing topic. In this article, we provide an 
introduction to serverless computing,  
serverless approach for your applica-
tions, key serverless technologies, and 
a brief discussion on limitations of the 
serverless approach. 

Why serverless? 
Most of us remember using server ma-
chines of one form or another. We remem-
ber logging remotely to server machines 
and working on them for hours. We had 
cute names for servers—like Bailey, Daisy, 
Charlie, Ginger and Teddy—and took 
care of them fondly. However, there were 
many problems in using physical servers 
like these:

1. Companies had to do capacity 
planning and predict the future resource 
requirements

2. Purchasing servers meant big capital 
expenses (CAPEX) for companies 
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3. We had to follow lengthy 
procurement processes to pur-
chase new servers

4. We had to patch and main-
tain the servers

Cloud and virtualisation pro-
vided the level of flexibility that 
physical servers lacked. We didn’t 
have to follow lengthy procure-
ment processes, who “owns the 
server,” why only that team has 
“exclusive access to that power-
ful server,” etc. Procurement 
processes for physical machines 
became obsolete with virtual ma-
chines (VMs) and cloud. The way 
we architected also changed. For 
example, instead of ‘scaling up’ 
by adding more CPUs or memory 
to physical servers, we started 
‘scaling out’ by adding more 
machines as needed in the cloud. 
This model gave us the flexibility 
of operational expenses-based 
(OPEX-based) economics model. 
If any of the VMs went down, we 
got new VMs spawned in min-
utes. In short, we started treating 
servers as ‘cattle’ and not ‘pets.’ 

However, cloud and virtuali-
sation also came with their own 
problems and still have many 
limitations. Users are still spend-
ing a lot of time managing them, 
for example, bringing VMs up and 
down based on their need. They 
have to architect for availability 
and fault-tolerance, size work-
loads, and manage capacity and 
utilisation. If they have dedicated 
VMs provisioned in the Cloud, 
they still have to pay for the re-
served resources (even if it’s just 
idle time). Hence, moving from 
CAPEX to OPEX is not enough; 
what users need is to “really only 
pay what they are using” and 
“really pay as they go.” Serverless 
computing promises to address 
exactly this problem. 

Another key aspect is agility. 
Businesses today need to be very 
agile. Technology complexity and 
infrastructure operations can-

not be used as an excuse for not 
delivering value at scale. Ideally, 
much of the engineering effort 
should be focused on delivering 
functionality that delivers the 
desired experience, and not on 
monitoring and managing the 
infrastructure that supports the 
scale requirements. This is where 
serverless shines. 

What is serverless? 
Consider a chatbot for booking 
movie tickets—let’s call it Mov-
ieBot. Any user can query about 
movies, book tickets or cancel 
them in a conversational style; 
for example, “Is Dunkirk playing 
in Urvashi Theatre in Bangalore 
tonight?” in voice or text. 

This solution requires three 
elements: a chat interface channel 
(like Skype or FaceBook Messen-
ger), a Natural Language Proces-
sor (NLP) to understand the user 
intents (book a ticket, ticket avail-
ability, cancellation, etc), and 
then access to a backend where 
transactions and data pertaining 
to movies are stored. The chat in-
terface channels are universal and 
can be used for different kinds of 
bots. NLP can be implemented 
using technologies like AWS Lex 
or IBM Watson. The question 
is: How is the backend served? 
Would you set up a dedicated 
server (or a cluster of servers) 
and an API gateway, deploy load 
balancers, put in place identity 
and access control mechanisms, 
etc? That’s costly and painful, 
right! That’s where serverless 
technology can help. 

The solution is to set up some 
compute capacity to process data 
from a database and also execute 
this logic in a language of choice. 
For example, if you are using AWS 
platform, you can use DynamoDB 
for the backend, write program-
ming logic as Lambda functions, 
expose them through AWS API 
gateway with a load balancer. 

This entire setup does not 
require you to provide any in-
frastructure or have any knowl-
edge about underlying servers/
VMs in the cloud. You can use a 
database of your choice for the 
backend. You can choose any 
programming language support-
ed in AWS Lambda, including 
Java, Python, JavaScript and C#. 
There is no cost involved if there 
are no users of the MovieBot. 
If a blockbuster like Bahubali 
is released, there could be a 
huge surge in users accessing 
the MovieBot at the same time, 
and the setup would effortlessly 
scale (you have to pay for the 
calls, though). Phew! You es-
sentially engineered a serverless 
application. 

Serverless architectures refer 
to applications that significantly 
depend on third-party services 
(known as backend-as-a-service 
or BaaS) or on custom code 
that’s run in ephemeral contain-
ers (function-as-a-service or 
FaaS).

1. Backend-as-a-service. Typi-
cally, databases (often NoSQL 
types) hold data and these could 
be accessed over the cloud. A 
service can be used to help ac-
cess that backend. Such a back-
end service is referred to as BaaS.

2. Function-as-a-service. 
Code that processes requests (the 
programming logic written in 
your favourite programming lan-
guage) could be run on contain-
ers that are spun and destroyed 
as needed. These are known 
as FaaS. 

The word ‘serverless’ is mis-
leading because it literally means 
there are ‘no servers.’ Actually, 
the word ‘serverless’ means “I 
don’t care what a server is.” In 
other words, serverless ena-
bles you to create applications 
without thinking about servers, 
that is, you can build and run 
applications or services with-
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out worrying about provisioning, managing or scaling 
the underlying infrastructure—just put your code in 
the cloud and run it! Keep in mind that this applies to 
platform-as-a-service (PaaS) as well. Although you may 
not deal with direct VMs with PaaS, you still have to 
deal with instance sizes and capacity.

Think of serverless as a piece of functionality to 
run; this functionality is not run in your machine but 
is executed remotely. Typically, serverless functions are 
executed through an event-driven fashion—as response 
to events or requests on HTTP, the functions get 
executed. In case of the MovieBot, Lambda functions 
are involved to serve user queries as and when users 
interact with it. 

Use cases 
With serverless approach, developers can deploy certain 
types of solutions at scale with cost-effectiveness. We 
have already discussed chatbots, which is a classic use 
case for serverless. Other key use cases for serverless 
approach are: 

1. 3-tier web applications. Conventional Single 
Page Applications (SPA), which relied on REpresenta-
tive State Transfer (REST) based services to perform 
a given functionality, could be re-written to leverage 
serverless functions front-ended by an API gateway. 
This is a powerful pattern that helps your applica-
tion scale indefinitely without concerns of configuring 
scale-out or infrastructure resources.

2. Scalable batch jobs. Batch jobs were traditionally 
run as daemons or background processes on dedicated 
VMs. More often than not, this approach hit scalability 
and had reliability issues—developers would leave their 
critical processes with single points of failure. With 
serverless approach, batch jobs can now be redesigned 
as a chain of mappers and reducers, each running as 
independent functions. Such mappers and reducers 
would share a common data store, something like a blob 
storage or a queue, and they can individually scale up to 
meet the data processing needs.

3. Stream processing. Related to scalable batch 

Serverless technologies
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jobs is the pattern of ingesting and processing large 
streams of data for near-real-time processing. Streams 
from services like Kafka and Kinesis can be processed 
by serverless functions, which can be scaled seam-
lessly to reduce latency and increase throughput of the 
system. This pattern can effectively handle spiky loads 
as well. 

4. Automation/event-driven processing. Perhaps 
the first application of serverless computing was 
automation. Functions could be written to respond to 
certain alerts or events. These could also be periodi-
cally scheduled to augment capabilities for the cloud 
service provider through extensibility. 

Kind of applications that are best suited for server-
less architectures include mobile back-ends, data 
processing systems (real-time and batch) and web 
applications. In general, serverless architecture is suit-
able for any distributed system that reacts to events or 
process workloads dynamically based on demand. For 
example, serverless is suitable for processing events 
from Internet of Things (IoT) devices, large datasets 
(in Big Data) and intelligent systems that respond to 
queries (chatbots). 

Serverless technologies
There are many proprietary and a few open source 
serverless technologies and platforms to choose from. 

AWS Lambda is the earliest (announced in late 
2014 and released in 2015) and the most popular 
serverless technology. Microsoft’s Azure Functions 
supports a wider variety of languages and integrates 
with the company’s Azure services. Google’s Cloud 
Functions is currently in beta stage. One of the key 
open source players in serverless technologies is 
Apache OpenWhisk backed by IBM and Adobe. It is 
often tedious to develop applications directly on AWS, 
Azure, Google and OpenWhisk platforms. Serverless 
Framework is a popular solution that aims to ease ap-
plication development on these platforms.

Many solutions (especially open source) focus on 
abstracting away the details of container technolo-
gies like Docker and Kubernetes. Hyper.sh provides 
a container hosting service wherein you can use 
Docker images directly in serverless style. Kubeless 
from Bitnami, Fission from Platform9 and funktion 
from Fabric8 are serverless frameworks that provide 
an abstraction over Kubernetes. 

Given that serverless is an emerging approach, 
technologies are still evolving. So you can see a lot of 
action in this space in years to come. 

Challenges in going serverless 
Despite the fact that a few large businesses are already 
powered entirely by serverless technologies, keep in 

computing
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mind that serverless is an 
emerging approach. There 
are many challenges to be 
dealt with when develop-
ing serverless solutions. Let 
us discuss key challenges 
in the context of MovieBot 
example discussed earlier: 

Debugging. Unlike 
typical application develop-
ment, there is no concept 
of a local environment for 
serverless functions. Even 
fundamental debugging operations 
like stepping-through, breakpoints, 
step-over and watch points are not 
available with serverless functions. 
As of now, users need to rely on ex-
tensive logging and instrumentation 
for debugging. 

When MovieBot provides an 
inconsistent response or does not 
understand the user’s intent, debug-
ging the MovieBot code (which is 
running remotely) requires users to 
log numerous details like NLP scores, 
dialogue responses and query results 
of the movie ticket database. Then 
they have to manually analyse and 
do detective work to find out what 
could have gone wrong. 

State management. Although 
serverless is inherently stateless, 
real-world applications invariably 
have to deal with state. Orchestrat-
ing a set of serverless functions be-
comes a significant challenge when 
a common context has to be passed 
between them. 

Any chatbot conversation rep-
resents a dialogue. It is important 
for the program to understand the 
entire conversation. For example, 
for the query “Is Dunkirk playing 
in Urvashi Theatre in Bangalore 
tonight?,” if the answer from Mov-
ieBot is ‘yes,’ the next query from 
the user could be “Are two tickets 
available?” If MovieBot confirms, 
the user could say “Okay, book it.” 

For this transaction to work, 
MovieBot should remember the 
entire dialogue, which includes name 
of the movie, theatre location, city 

and number of tickets to book. This 
entire dialogue represents a sequence 
of stateless function calls. However, 
users need to persist this state for 
the final transaction to be success-
ful. Maintaining this state external to 
functions is a tedious task. 

Vendor lock-in. Although iso-
lated functions are to be executed 
independently, users are in practice 
tied to the software development 
kit (SDK) and services provided by 
the serverless technology platform. 
This could result in vendor lock-in 
because it is difficult to migrate to 
other equivalent platforms. 

Assume that you implement the 
MovieBot in AWS Lambda platform 
using Python. Though the core logic 
of the bot is written as Lambda 
functions, you need to use other 
related services from AWS plat-
form—such as AWS Lex (for NLP), 
AWS API gateway and DynamoDB 
(for data persistence)—for the chat-
bot to work. Further, the bot code 
may need to make use of AWS SDK 
to consume services (such as S3 or 
DynamoDB), and that is written us-
ing boto3. 

In other words, for the bot to be 
a reality, it needs to consume many 
services from the AWS platform 
rather than just the Lambda func-
tion code written in plain Python. 
This results in vendor lock-in be-
cause it is harder to migrate the bot 
to other platforms. 

Other challenges. Each server-
less function code typically would 
have third-party library dependen-

cies. When deploying the 
serverless function, you 
need to deploy third-party 
dependency packages as 
well, which increases the 
deployment package size. 
Because containers are 
used underneath to ex-
ecute serverless functions, 
the increased deployment 
size increases the latency 
to start-up and execute 
serverless functions. Fur-

ther, maintaining all the dependent 
packages, versioning them, etc is a 
practical challenge as well. 

Another challenge is serverless 
platforms’ lack of support for widely 
used languages. For instance, as of 
May 2017, you could write func-
tions in C#, Node.js (4.3 and 6.10), 
Python (2.7 and 3.6) and Java 8 on 
AWS Lambda. How about other lan-
guages like Go, PHP, Ruby, Groovy, 
Rust or any other language of your 
choice? Though there are ways 
available to write serverless func-
tions in these languages and execute 
them, it is harder to do so. Since 
serverless technologies are maturing 
with support for a wider number of 
languages, this challenge will gradu-
ally disappear with time. 

Serverless: A game-changer 
Serverless changes the way you look 
at how applications are composed, 
written, deployed and scaled. If you 
want significant agility in creating 
highly scalable applications while 
ensuring cost-effectiveness, server-
less is what you need. Businesses 
across the world are already provid-
ing highly compelling solutions us-
ing serverless technologies. Server-
less has a wide range of applications 
from chatbots to real-time stream 
processing from IoT devices. So it is 
not a question of ‘if,’ but ‘when’ you 
will adopt serverless approach for 
your business.  

This article first appeared in September issue of 
EFY’s Open Source For You magazine 

Serverless technologies
AWS Lambda: https://aws.amazon.com/lambda/ 
Azure functions: https://functions.azure.com/ 
Google Cloud functions: https://cloud.google.com/functions/ 
Apache OpenWhisk: https://github.com/openwhisk 
Serverless framework: https://github.com/serverless/serverless 
Fission: https://github.com/fission/fission
Hyper.sh: https://github.com/hyperhq/ 
Funktion: https://funktion.fabric8.io/ 
Kubeless: http://kubeless.io/ 
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Solar energy is a definite solution 
to the increasing energy needs of 
our times. This is evident from solar 
rooftop installations growing at a 
rate of over 18 per cent in 2017. 
Solar power generation offers various 
avenues of business profitability. 
But, for investors, the fundamental 
questions remain: How can I go 
about it? Should I go online with 

GREEN TECHNOLOGY

solar ecommerce platform? Should 
I invest in commercial rooftop 
model? Should I buy my own land or 
leverage a third-party model?

To solve the dilemma, a few 
distinguished solar business models 
in India have been explained in this 
article. Your choice of a model should 
depend on the investment required, 
state government’s policies for solar 

Decision Makers’ connect

“If we are serious about moving towards energy independence in a cost-effective way, we should 
invest in solar energy. If we are serious about cutting air and water pollution and reducing green-

house gas emissions, we should invest in solar energy”—Bernie Sanders

SOLAR FOR YOU! 
Is it Investment Ready?

power generation and its commercial 
usage, and natural conditions of the 
region.

Sale-to-utility model. It refers to 
selling the solar power generated by 
you to state power authorities like 
NTPC. 

Power purchase agreement (PPA)/
feed in tariff (FIT). An agreement 
is signed with the private business 
supplying solar power to the state/
government body or DISCOM. 
Normally the stated period is 25 
years and the prices are decided 
through competitive bidding and 
tenders. This is the most popular 
business model for commercial 
power supply usage.

GMR Infrastructure has installed 
a rooftop solar power plant at 
Delhi Airport for consumption by 
‘Celebi’ for Cargo Terminal 2 of the 
airport. The plant has the capacity 

Business Model

Sale to 
Private Consumer

Captive 
 Consumption

Sale to 
Utility

PPA/FIT APPC + REC PPA Landed Cost of 
Power

Fig. 1: Solar business models (courtesy: http://www.solarmango.com/wp-content/up-
loads/2015/12/Biz-models-for-utility-scale-solar-india.png)
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to produce 2MW per day. An approximate capital of 100 
million rupees was invested to set up the power plant 
infrastructure. For almost 8000 units of solar power 
produced per day, ‘Celebi’ now saves 64,000 rupees per 
day—as against tariffs paid to DISCOM at the rate of 8 
rupees per unit. The project’s expected ROI time is five-
and-a-half years. The project has been operational for 
almost two years now.

Selling to private companies. A private solar power 
generating company is free to sell power to other private 
companies through a power purchase agreement.

Captive consumption. If the power generated by one 
unit of a business conglomerate is utilised by the same 
and other units of the business, it is defined as captive 
consumption. A classic case is that of Tata Steel, which 
utilises the power generated by Tata Solar.

Karan Sharma, managing director, SunSmith Infra, 
shares, “We have installed a 200kW rooftop solar 
plant at OM Furnishers in Gujarat. The initial capital 
investment required to set up the plant was 9.6 million 
rupees. The plant will produce about 1000 units of 
electricity per day, thereby saving 7000 rupees on a daily 
basis which would otherwise would have been paid to 
Dakshin Gujarat Bijli Vidyut Nigam Ltd as tariff.”

“It has become challenging to pin down an 
installation number as so many projects that are 
completed are stranded and unable to commission due 
to evacuation delays. It will all depend on what can get 
connected to the grid by the end of the year,” said Priya 
Sanjay, managing director of Mercom India.

Government adaptation

Presently, Solar Energy Corporation of India 
undertakes solar rooftop power generation under two 
models:

CAPEX. Within this model, the complete rooftop 
system is owned by the private entity (third party). 
Lifetime (25 years) operations and maintenance is also 
within the purview of the third-party rooftop owner. 
Developers are responsible only for the first two years. 
They are selected through an extensive bidding process 
and are offered 30 per cent subsidy on the cost of the 
total system.

RESCO. In this model the entire system is owned by 
the developer. Operations and maintenance also remain 
the developer’s responsibility. Rooftop owners can 
consume electricity on the basis of a pre-decided tariff. 
Excessive power is transferred to the grid, based on the 
local government’s rules and regulations. For this model 
as well, the developers are selected through a bidding 
process.

Online solar ventures

Like any other business today, solar also has 

TDK Technology
Advancing power 
solutions.

https://product.tdk.com
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for wind power generators

Aluminum electrolytic 
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EMC and sine-wave fi lters 
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for wind power generators
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immense growth potential in the 
online space. One may opt to open 
an online solar market place of 
products or invest in creating an 
exclusive job portal for the same.

India Go Solar is an online 
ecommerce platform that sells solar 
related goods and services. India 
Solar Talent is an online recruitment 
platform for solar jobs.

Benefits provided by the 
government

The government provides 30 per 
cent capital subsidy to residential, 
government, social and institutional 
sectors for solar rooftop installations. 
The country has increased its rooftop 
budget by a significant 730 per cent 
since 2016. For states like Sikkim, 
Uttarakhand, Jammu and Kashmir, 
Lakshadweep, and Andaman and 
Nicobar, the subsidy is as high as 70 
per cent.

Ha ryana ,  Ra j a s than  and 
Maharashtra have already started 
reaping the benefits of solar 
power, while Delhi and Punjab are 

promoting them in a big way for 
faster adoption by the masses.

For clarity of the thoughts 
exchanged here, we discuss below 
a project with total generation 
capacity of 1MW per day. Section 
32 of Income Tax Act provides for 
accelerated depreciation of 80 per 
cent invested capital into solar PV 
projects to professional companies 
with tax liabilities. Investors can 
set off tax liability on their taxable 

income to the tune of 80 per cent in 
the first year, and subsequently 20 
per cent from second year onwards. 

Example: If your company paid 
Rs 33 as tax on a profit of Rs 100 
earlier, by installing a solar plant 
at a cost of Rs 100, you can simply 
claim a deprecated expense of Rs 80 
(80 per cent) in the first year, thus 
reducing your profit for tax purposes 
to Rs 20. Now, you need to pay just 
Rs 6.6 as tax. In other words, you 

Source: Mercom  India Research  (Sep 2017)
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Fig. 3: India’s solar demand forecast (source: Mercom India Research)



Benefit of Rooftop Solar Photovoltaic to the DISCOM

1 kWh generated at load centre  can save generation of 1.5 kWh by fossil fuel based plants

Transmission 

Network
Distribution 

Network

1 kWh 5%, 0.95 kWh 25%, 0.72 kWh

Disallowance in Power 
Purchase

Unit FY 09 FY 10 FY 11

Units Procured GWh 2609 3675.38 1601.76

Avg. Procurement Rate /kWh 7.05 5.16 7.49

Ceiling Rate /kWh 4.92 5.00 5.87

Disallowance  Cr 555.87 60.22 259.86

Parameters Unit FY 15

Sales GWh 63183

D Loss % 23.50%

Energy @ DISCOM Periphery GWh 82952

D Loss GWh 19409

Fig. 2: Benefits of rooftop solar photovoltaic to the DISCOM  
(source: http://mnre.gov.in/file-manager/UserFiles/Presentation-on-Consultation-Meet-with-Channel-Partner-by-GIZ-ComSolar.pdf) 
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end up saving Rs 26 on your investment of Rs 100 in the 
solar plant. The inherent impacts of these tax provisions 
are cost saving on infrastructural development to the tune 
of 20 per cent and reduced electricity payout load of Rs 
2 per unit.   

For reference and understanding, let’s consider:
1. Project cost (capital cost) Rs 80 million
2. Depreciation amount 90 per cent (assuming 10 per cent 

scrap value)
3. Book depreciation (on fixed assets) 5.28 per cent (dep. 

as per Companies Act)
4. Tax depreciation rate 80 per cent (under accelerated 

depreciation benefit)

Years Units 1 2 3 4

Book depreciation  Per cent 2.64 per cent 5.28 per cent 5.28 per cent 5.28 per cent

Book depreciation 
(Capital cost*Book depreciation)

Rs lakh 21.12 42.24 42.24 42.24

Opening  Per cent 100 per cent 60 per cent 12 per cent 2 per cent

Allowed during the year  Per cent 40 per cent 48.00 per cent 9.60 per cent 1.92 per cent

Closing  Per cent 60 per cent 12 per cent 2.40 per cent 0.48 per cent

Accelerated depreciation Rs lakh 320.00 384.00 76.80 15.36

Net depreciation benefit Rs lakh 298.88 341.76 34.56 -26.88

Tax benefit Rs lakh 101.59 116.16 11.75 -9.14

Want to 
increase 
business?

Want 
Publicity?

To know more please contact: connect2millions@efy.in OR call 91-11-4059-6666 Ext. 280

Is your 
Brand Green 

Efficient?

5. Effective tax rate (as per government) 33.99 per cent

The discussion above shows that the market for solar 
businesses is ripe, but some hiccups remain in the form of 
anti-dumping duty, which is adding to its volatility. As the 
solar business is currently import-dependent, government 
regulations could lead to cuts in profit. So the question is: 
Is this the right time to invest in this business? Or what 
should be done to make the solar business more viable? 

Waiting to hear back from you, you may mark your 
mails to editsec@efy.in

This story has been co-authored by Nidhi Arora and Sanjay 
Banerjee, technology enthusiasts at EFY Group. 
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Imagine waking up early morning in 
Mumbai, leaving for Pune to have 
breakfast with a friend there, and 

returning that same morning to attend 
your Mumbai office in time. Yes, it is 
possible with the Hyperloop Transpor-
tation System (HTS), which travels at 
supersonic speed of 1216 kilometres per 
hour, enabling you to cover the dis-
tance from Mumbai to Pune in less than 
twenty minutes. And all this without the 
routine long journey to the airport and 
the waiting in queues.

The HTS consists of high-pressure 
capsules moving in partially evacuated 
tubes at speeds of up to 1216kmph. This 
mode of transport is intended for super-
fast travel between large cities and is the 
brainchild of Elon Musk, general director, 
Tesla Motors, who is also the creator of 
payment system PayPal and the SpaceX 
company, the first non-governmental 
organisation that successfully put a 
spaceship in orbit. 

The Hyperloop system works on 
renewable energy and promises to trans-
port people from one point to another 
in little over half the average time taken 
today by airplanes. The cost works out 
to about less than half the air-ticket price 
and hence the system can prove to be 
the right solution for high-traffic city 
pairs that are less than 1500km apart. 

Comparatively, it is safer, faster, 
cheaper, more convenient, immune to 

weather, environment-friendly and sus-
tainably self-powered. It will bring radical 
change to the way we travel. 

How Hyperloop works
In Hyperloop transportation, custom-
designed capsules or pods zip smoothly 
through continuous steel tubes that are 
held at partial vacuum. The pod that 
sandwiches the passenger compartment 
between an air compressor upfront and a 
battery compartment in the rear is sup-
ported by air caster skis placed at the 
bottom. The skis float on a thin layer of air 
provided under high pressure, eliminating 
rolling resistance and allowing pod move-
ment at high speeds. These capsules are 
planned to be driverless with speeds of 
more than 1000kmph. Linear induction mo-
tors placed along the tube control the pod 
speed. Electronically-assisted acceleration 
and braking determines the capsule speed. 

During the pod’s journey, an inlet fan 
and compressor push high-pressure air 
from the nose to tail. This action along 
with the partial vacuum eliminates most of 
the drag and boosts the speed. Low power 
consumption and reliance on existing in-
frastructure after re-engineering are the big 
positives. The complete system operation 
is designed to be automatic using extensive 
safety control systems with redundancy and 
supported by captive software. 

The first Hyperloop transportation sys-
tem in the world is under implementation 
between Los Angeles and San Francisco. It 
will travel this distance in flat 35 minutes 
with a planned capacity of 840 passengers 
per hour. The system will transport as many 
as six million passengers between Los Ange-
les and San Francisco every year. 

Increase in the demand generated due 
to the lower cost of travelling on Hyperloop 
is expected to be met by shortening the 
time interval between capsule departures. 
Due to the short travel time and frequent 

The ‘Hyper-Fast’  
HyperLoop TransporT sysTem 
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An artist’s rendition 
of passengers riding 
a Hyperloop capsule 
(Source: https://bits.
blogs.nytimes.com)
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departures, there is expected to 
be a continual flow of passengers 
through each Hyperloop station. 
In order to ensure safety, security 
checks are to be made in the tradi-
tional manner as done at airports. 

All ticketing and baggage tracking 

for the Hyperloop will be handled 
electronically, thus negating the 
need for printed boarding passes and 
luggage labels. Luggage would be 
stowed in a separate compartment 
at the rear of the capsule, in a way 
similar to the overhead bins on pas-
senger aircrafts. This luggage com-
partment will be removable from the 
capsule for stowing and retrieving 
luggage to be undertaken separately 
from embarking or disembarking the 
capsule’s passenger cabin. 

The transit area at the Hyperloop 
terminal would be large and open 
with two large airlocks signifying 
the entry and exit points for the 
capsules. An arriving capsule would 
enter the incoming airlock, where 

Tesla and SpaceX’s Elon Musk—the originator 
of the idea (Source: www.businessinsider.com)

A pod would move through the tube with an air compressor on the front, passenger compartment in 
the middle and battery compartment at the back (Source: www.jebiga.com)

A student at work on a technical feasibility study of Hyperloop project (Source: www.extremetech.com)

Mobility
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the pressure is equalised with the 
station, before being released into the 
transit area. The doors of the capsule 
would open so that passengers could 
disembark. The luggage pod would be 
quickly unloaded by the Hyperloop 
staff or separated from the capsule so 
that baggage retrieval does not inter-
fere with the capsule turnaround. 

Once vacated, the capsule will be 
rotated on a turntable, and aligned 
for re-entry into the Hyperloop tube. 
The departing passengers, and their 
pre-loaded luggage pod, would then 
enter the capsule. The 
capsule would be moved 
forward into the exit air-
lock, where the pressure 
is lowered to the operating 
level of the Hyperloop, and 
then sent on its way. 

The role of ‘IT’ in 
shaping the Hyperloop
Way back in September 
2013, Ansys Corporation 
conducted computational 
fluid dynamics simulations 
to model the aerodynam-
ics of the capsule and 
shear stress forces that 
the capsule would need to 

endure. Simulation revealed that the 
capsule shape required considerable 
fine-tuning to prevent supersonic air-
flow. It was also inferred that the gap 
between the tube wall and capsule 
would need to be increased. 

Later in October 2013, the de-
velopment team of the OpenMDAO 
software framework (which serves as 
the backbone for subsystem integra-
tion, optimisation and workflow 
management) released a partially 
completed conceptual open source 
model of parts of the Hyperloop’s 

propulsion system. However, there 
were some hindrances and the model 
required tweaking. 

In November 2013, MathWorks 
analysed the tweaking inputs and 
concluded that there was a high 
probability for that route to be pos-
sible. The analysis focused on the 
acceleration felt by passengers and 
the essential deviations from public 
roads in order to keep the accelera-
tions within limits. 

In January 2015, a paper based 
on the NASA OpenMDAO open 
source model emphasised again the 
need for a bigger-diameter tube and 
a lower cruise speed closer to Mach 
0.85. It suggested doing away with 
the on-board heat exchangers based 
on thermal models of the interac-
tions between the compressor cycle, 
tube and ambient environment. The 
fully integrated system model was 
constructed using OpenMDAO—a 
Python-based framework for design 
and optimisation of highly coupled 
systems. This work focused on the 
aerodynamics and thermodynamics 
of the passenger pod itself. Open-
MDAO gave the means to manage 
growing model complexity in an 
efficient and flexible way. 

The presented models were built 
exclusively using freely-available, 
open source tools. As the Hyperloop 
design evolved, more and more 

design parameters were re-
quired to be managed and 
optimised. 

In 2015, an undergradu-
ate Hyperloop team from 
the University of California 
(UCI) got together to com-
pete in a chain of contests 
sponsored by SpaceX. UCI’s 
team, called HyperXite, 
won a technical excellence 
award in a design competi-
tion held in 2016, and the 
team had to actually build 
the thing in time for the 
January 2017 pod contest 
at SpaceX’s headquarters in 
Los Angeles. 

The HyperXite team with their winning entry in the Hyperloop Pod Competition (Source: https://
arstechnica.com)

ANSYS technology at work: A Hyperloop simulation using software in 
progress (Source: www.ansys-blog.com)
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This required a huge amount of 
computer modelling. Ars, a 24-core 
system owned by the University 
which limited students to 72 hours of 
time per project, was thought of as a 
facilitator. However, since HyperXite 
was sponsored by Microsoft (among 
others), the software giant led the 
undergraduates to a firm called Cycle 
Computing, which takes computing 

capacity from 
cloud services 
and provides its 
clients (which 
are often research 
teams and private 
firms) with soft-
ware that allows 
them to carry 
out large-scale 
simulations in 
everything from 
risk modeling 
for life insurance 
disbursements to 
testing poten-
tial solar-cell 
materials. Cycle 
Computing sup-
ported the team 
in assembling a 
128-core cluster 
on Microsoft Az-
ure to maintain 
all the necessary 
data and com-
pute workload. 

For actual 
modeling, Hy-
perXite deployed 
simulation 
software ANSYS 
running the 
Azure instances, 
wherein each 
had 16 Intel 
Xeon 2.4GHz 
cores and 7GB 
RAM per core. 
This massive 
computational 
power enabled 
the Hyperloop 
team to model 

the aerodynamics of the pod as well 
as the braking system. 

Once the design competition 
was over, the team concluded 
that the pod shape needed to be 
changed since the original design 
weighed too much. It was decided 
that carbon composites instead of 
aluminium would be used for pod 
shell. However, before constructing 

A pan-India network proposed by Hyperloop One (Source: http://tech.
firstpost.com)

A usage example of code based on 
OpenMDAO—software framework used 
to design the Hyperloop
To apply the Hyperloop model, run the file ‘src\Hyperloop\
Hyperloop sim.py’ in the Hyperloop repository. Each assembly 
is structured likewise and the following walk-through exhibits the 
primary layout for setting up a model. The file begins with some 
library imports and the Input/Output variable definition of the 
Hyperloop Pod assembly: 

(Source: https://github.com/OpenMDAO-Plugins/Hyperloop)

Mobility
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Cutting-edge Hyperloop station proposed by RB Systems (Source: https://wordlesstech.com)

the first draft of this shell on a real 
pod, simulations were run to ensure 
that the structural integrity would 
not be jeopardised. 

A major problem faced was that 
one change demanded more changes 
to be made. For example, changing 
the shell gave rise to the problem 
of some parts of the pod being too 
weak, thus making them very vul-
nerable to breaking upon the pod’s 
braking. It was only with the support 
of high computing capacity that the 
team was able to carry out iterations 
fast and take quick decisions—such 
as, which shell shapes were to be 
rejected. Access to the computational 
servers allowed larger and more 
accurate simulations, making it pos-
sible to complete several weeks of 
work in a few days.

Hyperloop in India
The Indian government has been toy-
ing with the idea of building bullet 

trains in the country, which is very 
capital-intensive. For example, the 
proposed bullet train project between 
Ahmedabad and Mumbai is estimat-
ed to cost about one trillion rupees 
($15 billion). 

However, Hyperloop is emerging 
as a much cheaper and more effec-
tive alternative. It will provide paths 
to leapfrog Indian transportation by 
providing a faster, non-disruptive, 
pollution-free option to move both 
passengers and cargo. Hyperloop fits 
in well with the Mission 350 Plus 
Initiative declared by the Ministry of 
Railways in August 2016. 

The Mumbai-Bengaluru-Chennai 
corridor with future plans to include 
Delhi, Hyderabad and Pune is on the 
anvil. The concept of Hyperloop will 
dramatically reduce the Mumbai-to-
Delhi travel time to just 90 minutes. 
The tube line between Mumbai and 
Pune, a road distance of 150km, 
could be covered using the existing 

Mobility
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central median, supported by pylons 
separated by a distance of 30.5m 
(100 feet). 

Thus no additional land would 
be required to set up this project. 
The series of pylons supporting the 
tube can be built over land that is 
already in use for public transporta-
tion, causing minimal interference 
with existing facilities. This also 
means significantly lower construc-
tion and operation costs than with 
any other mass transportation sys-
tem in use. 

Concerns 
The idea of Hyperloop systems 
was first shared by Elon Musk in 
2013. Even as Musk or SpaceX are 
working on the technology right 
now, many other companies such as 
Hyperloop Travel Technology (HTT) 
have picked up the concept and are 
trying to make the transportation 
system a reality. 

The preliminary testing of 
the concept and design has been 
completed. If implemented success-
fully, the project, i.e., Elon Musk’s 
Hyperloop, will become ‘the fifth 
mode of transport’ and the fastest in 
the world. This absolutely new type 
of high-speed transport is likely to 
connect the large cities of the world 
much more effectively than the 
high-speed railroads. 

Designing and implementing 
an ultra-high-speed transportation 
system needs ultra-high computing 
power. For example, the HyperXite 
team is studying the fluid dynamics 
of the fuselage of this new vehicle. 

Generally, a complete simula-
tion requires over 5000 CPU-hours. 
Earlier benchmarks performed by 
CycleCloud exhibited superb linear-
ity with Microsoft Azure—up to and 
beyond 256 CPUs. This implies that 
executing on 256 cores completes 
the simulation approximately 256 
times faster than on a single core. 

There are some critics of Hyper-
loop who dwell more on the experi-
ence. They speculate that perhaps 

it could be distasteful and ter-
rifying to ride in a slender, sealed 
and windowless capsule, within 
a sealed steel tunnel. Besides, it 
would be exposed to considerably 
high acceleration forces, high noise 
levels due to air being compressed 
and ducted around the capsule at 
near-sonic speeds, and the vibra-
tion and tussle. 

Even if the tube is smooth at the 
start of the journey, the ground could 
shift due to seismic activity. At such 
high speeds, even small deviations 
from a straight path could lead to 
significant buffeting. This is over and 
above issues and questions related 
to equipment malfunction, accidents 
and emergency evacuations. 

Critics have also raised questions 
related to design technicalities in the 
tube system. Prof. John Hansman 
has highlighted the repercussions of 
a power blackout, especially when 
the pod is hundreds of kilometres 
away from a big city. Prof. Richard 
Muller has also raised fears about 
Hyperloop’s novelty and defense-
lessness of its tubes. There is a high 
probability that Hyperloops could be 
targeted by terrorists. 

However, all new inventions 
and breakthroughs had to face their 
share of fears, doubts and uncer-
tainties. Yet, all great inventions 
changed the way we all live, work 
and play, for the better. 

As per Elon Musk, Hyperloop 
is likely to prove very valuable on 
Mars as no tubes would be required 
there. Mars’ atmosphere is only 
about one per cent the density 
of the Earth’s. For the Hyperloop 
concept to work on the Earth, low-
pressure tubes are needed to bring 
down air resistance. But on Mars, 
the considerably lower air resist-
ance would allow a Hyperloop to 
be developed without a tube, since 
just a track would be sufficient. 
Perhaps several generations from 
now, those who settle in colonies 
on Mars, would take the Hyperloop 
to work!  

Mobility
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Spatial filtering techniques refer to 
those operations where the result-
ing value of a pixel at a given 

coordinate is a function of the original 
pixel value at that point as well as the 
original pixel value of some of its neigh-
bours. These operations are classified into 
linear filtering operations and non-linear 
filtering operations. 

In linear filters, the resulting output 
pixel is computed as a sum of products of 
the pixel values and mask coefficients in 
the pixel’s neighbourhood in the original 
image. In other words, if the function by 
which the new grey value is calculated is 
a linear function of all the grey values in 
the mask, then the filter is referred to as 
a linear filter. Mean filter is an example of 
linear filter.

In non-linear filters, the resulting 
output pixel is selected from an ordered se-
quence of pixel values in the pixel’s neigh-
bourhood in the original image. Median 
filter is an example of non-linear filter. 

Linear filters
Convolution and correlation are the 
two fundamental mathematical op-
erations involved in linear filters based 
on neighbourhood-oriented image 
processing algorithms.

Convolution. Convolution processes 
an image by computing, for each pixel, a 
weighted sum of the values of that pixel 
and its neighbours. Depending on the 
choice of weights, a wide variety of image 
processing operations can be implemented.

Different convolution masks produce 
different results when applied to the same 
input image. These operations are referred 
to as filtering operations and the masks 
as spatial filters. Spatial filters are often 
named based on their behaviour in the 
spatial frequency. Low-pass filters (LPFs) 
are those spatial filters whose effect on 
the output image is equivalent to attenu-

ating the high-frequency components 
(fine details in the image) and preserving 
the low-frequency components (coarser 
details and homogeneous areas in the 
image). These filters are typically used to 
either blur an image or reduce the amount 
of noise present in the image. Linear 
low-pass filters can be implemented 
using 2D convolution masks with non-
negative coefficients. 

High-pass filters (HPFs) work in a 
complementary way to LPFs, that is, these 
preserve or enhance high-frequency com-
ponents with the possible side-effect of 
enhancing noisy pixels as well. High-fre-
quency components include fine details, 
points, lines and edges. In other words, 
these highlight transitions in intensity 
within the image.

There are two in-built functions in 
MATLAB’s Image Processing Toolbox 
(IPT) that can be used to implement 2D 
convolution: conv2 and filter2. 

conv2 computes 2D convolution 
between two matrices. For example, 
C=conv2(A,B) computes the two-di-
mensional convolution of matrices A and 
B. If one of these matrices describes a 
two-dimensional finite impulse response 
(FIR) filter, the other matrix is filtered in 
two dimensions. 

filter2 function rotates the convolu-
tion mask, that is, 2D FIR filter, by 180° 
in each direction to create a convolution 
kernel and then calls conv2 to perform the 
convolution operation.

Y=filter2(h,X) filters the data in ‘X’ 
with the two-dimensional FIR filter in the 
matrix ‘h.’ It computes the result ‘Y’ using 
two-dimensional correlation, and returns 
the central part of the correlation that is of 
the same size as ‘X.’

Y=filter2(h,X,shape) returns the part 
of ‘Y’ specified by the shape parameter. 
Shape is a string with one of these values:

1. ‘full’ returns the full two-dimen-
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sional correlation. In this case, ‘Y’ is 
larger than ‘X.’

2. ‘same’ (default) returns the 
central part of the correlation. In 
this case, ‘Y’ is of the same size 
as ‘X.’

3. ‘valid’ returns only those parts 
of the correlation that are computed 
without zero-padded edges. In this 
case, ‘Y’ is smaller than ‘X.’

There is no single best approach 
to use the filter2 function. However, 
the method is dictated by the prob-
lem at hand. 

One can create filter by hand 
or by using the fspecial function. 
fspecial is an IPT function designed 
to simplify the creation of common 
2D image filters. Its syntax is:
h = fspecial(type, parameters)

where:
1. ‘h’ is the filter mask
2. ‘type’ is one of these: ‘aver-

age’—averaging filter, ‘disk’—
circular averaging filter, ‘gauss-
ian’—Gaussian low-pass filter, 
‘laplacian’—2D Laplacian operator, 
‘log’—Laplacian of Gaussian (LoG) 
filter, ‘motion’—approximates the 
linear motion of a camera, ‘prewitt’ 
and ‘sobel’—horizontal edge-
emphasising filters, ‘unsharp’—un-
sharp contrast-enhancement filter)

3. ‘parameters’ are optional and 
vary depending on the type of filter; 
for example, mask size, standard 
deviation (for ‘gaussian’ filter) and 
so on 

imfilter is another command 
for implementing linear filters in 
MATLAB. 

The syntax for imfilter is:
g = imfilter(f, h, mode, boundary_

options, size_options);

Where ‘f’ is the input image, ‘h’ 
is the filter mask, and ‘mode’ can 
be either ‘conv’ or ‘corr,’ indicating 
whether filtering will be done using 
convolution or correlation (which is 
the default), respectively.

boundary_options refer to 
how the filtering algorithm should 
treat border values. There are four 
possibilities:

1. X. The boundaries of the 
input array (image) are extended by 
padding with a value ‘X.’ This is the 
default option (with X=0).

2. ‘symmetric’. The bounda-
ries of the input array (image) are 
extended by mirror-reflecting the 
image across its border.

3. ‘replicate’. The boundaries of 
the input array (image) are extended 
by replicating the values nearest to 
the image border.

4. ‘circular’. The boundaries of 
the input array (image) are extended 
by implicitly assuming the input 
array is periodic, that is, treating the 
image as one period of a 2D periodic 
function.

As regards size_options, there 
are two size options for the result-
ing image: ‘full’ (output image is the 
full filtered result, that is, the size 
of the extended/padded image) or 
‘same’ (output image is of the same 
size as input image), which is the 
default.

‘g’ is the output image.
Correlation. Correlation is the 

same as convolution without mirror-
ing (flipping) of the mask before the 
sums of products are computed. The 
difference between using correlation 
and convolution in 2D neighbour-
hood processing operations is often 
irrelevant because many popular 
masks used in image processing are 
symmetrical around the origin.

Linear low-pass filters
The averaging filter is a linear LPF 
implemented using ‘average’ op-
tion in the fspecial function. The 
command given below produces an 
averaging filter of size 5x7: 
fspecial(‘average’, [5,7])

The output of this command in 
MATLAB is:

The code given below applies an 
averaging filter of dimensions 3x3 to 

Fig. 2: Image using averaging filter of 
dimensions 3x3

Fig. 3: Image using an average filter of 9x9

Fig. 4: Image with salt and pepper noise added

Fig. 1: Original image
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the image Penguins_grey.jpg:
A = imread(‘Penguins_grey.jpg’);

B = fspecial(‘average’);

C = filter2(B,A);

figure, imshow(A),figure, imshow(C/255)

Matrix B is a 3x3 matrix with 
each matrix element having a value 
of 0.111. Matrix C has data of type 
‘double.’ We can divide it by 255 to 
obtain a matrix with values in the 
0-1 range for use with imshow func-
tion. Both the original image and 
the filtered image are shown in Figs 
1 and 2, respectively. 

As you can see from the filtered 
image, the averaging filter blurs the 
image and the edges in the image 
are less distinct than in the original 
image. Larger the size of the averag-
ing filter, more is the blurring effect. 
The code given below shows the 
averaging filter operation using an 
average filter of 9x9:
A = imread(‘Penguins_grey.jpg’);

B = fspecial(‘average’,[9,9]);

C = filter2(B,A);

figure, imshow(A),figure, imshow(C/255)

Fig. 3 shows the filtered image.
Averaging filter is an arithmetic 

mean filter. Other types of mean fil-
ters include geometric mean filters, 
harmonic mean filters and contra-
harmonic mean filters. Mean filter 
is the simplest and the most widely 
used spatial smoothing filter.

The averaging filter operates on 
an mxn sliding window by calculat-
ing the average of all pixel values 
within the window and replacing 
the centre pixel value in the destina-
tion image with the result. 

As mentioned above, the averag-
ing filter causes the blurring effect 
in the image, proportional to the 
window size. This helps in reduc-
tion of noise, especially Gaussian 
or uniform noise. As an example, 
let us add salt and pepper noise to 
the Penguins_grey.jpg image and 
filter it using the averaging filter. 
Salt and pepper noise causes very 
bright (salt) and very dark (pepper) 
isolated spots in an image. 

The command for adding salt 

A variation of the arithmetic 
mean filter is the geometric mean 
filter. It is primarily used on images 
with Gaussian noise. This filter is 
known to retain image detail better 
than the arithmetic mean filter.

Gaussian filters are another type 
of linear filter. These are low-pass 
filters, based on the Gaussian prob-
ability distribution function as given 
below:

ƒ(x)=e–x2/2σ2

where ‘σ’ is the standard deviation.
Gaussian filters have a blurring 

effect which looks very similar to 
that produced by neighbourhood 
averaging. 

The following commands apply 
Gaussian filter to the image Pen-
guins_grey.jpg:
>> A = imread(‘Penguins_grey.jpg’);

>> G1=fspecial(‘gaussian’,[11,11]);

>> G1image=filter2(G1,A)/256;

>>imshow(G1image)

The numbers within the square 

Fig. 5: The resultant image with salt and pepper 
noise removed

Fig. 6: Another image (MRI image) with salt and 
pepper noise

Fig. 7: The image in Fig. 6 after noise removal 

Fig. 8: Gaussian filtered image with default 
standard deviation value of 0.5

and pepper noise to an image is: 
A = imread(‘Penguins_grey.jpg’);

Noise_snp=imnoise(A,’salt & pepper’);

imshow(Noise_snp)

Fig. 4 shows the Penguins_grey.
jpg image with salt and pepper 
noise added. 

Following commands remove the 
salt and pepper noise from Fig. 4: 
>> B = fspecial(‘average’, [9,9]);

>> C = filter2(B,Noise_snp);

>>imshow(C/255)

Fig. 5 shows the resultant image. 
As you can see, the image in Fig. 
5 is blurred but the salt and pep-
per noise has been removed. Fig. 6 
shows another image (MRI image) 
with salt and pepper noise and Fig. 
7 shows the image after performing 
the following operations: 
>> a=imread(‘MRI_snp.jpg’);

>>imshow(a)

>> B = fspecial(‘average’, [9,9]);

>> C = filter2(B,a);

>>imshow(C/255)
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brackets give the size of the filter, 
the default value of which is 3x3. 
The final parameter is the stand-
ard deviation. If any value is not 
specified, a default value of 0.5 is 
assumed. In the command given 
above, since the standard deviation 
parameter is not specified, default 
value of 0.5 is taken.

Fig. 8 shows a Gaussian filtered 
image with standard deviation 
value taken as 0.5. 

When the standard deviation is 
specified to be 5, as shown in the 
command (G1=fspecial(‘gaussi
an’,[11,11],5);), the resultant image 
is as shown in Fig. 9. 

Linear high-pass filters
Linear HPFs can be implemented 
using 2D convolution masks with 
positive and negative coefficients, 
which correspond to a digital ap-
proximation of the Laplacian—a 
simple, isotropic (rotation-invari-
ant) second-order derivative that is 
capable of responding to intensity 
transitions in any direction.

An alternative digital implemen-
tation of the Laplacian takes into 
account all eight neighbours of the 
reference pixel in the input image 
and can be implemented by the 
convolution mask given below:

-1  -1  -1
-1  8  -1 
-1  -1  -1

Directional difference filters. 
Directional difference filters are 
similar to the Laplacian high-fre-
quency filter but emphasise edges 
in a specific direction. There filters 
are usually called emboss filters. 
There are four representative 
masks that can be used to imple-
ment the emboss effect:

0  1  0
0  0  0 
0  -1  0

1  0  0
0  0  0 
0  0  -1

0  0  0
1  0  -1 
0  0  0

0  0  -1
1  0  -1 
1  0  0

Linear high-pass filters include 
Prewitt and Sobel operators. These 
are also referred to as first-order 
edge-detection methods. High-pass 
filters are used for edge detection 

>>imshow(Prewitt_A_noise)

Fig. 11 shows the image with 
the added Gaussian noise and Fig. 
12 shows the image filtered with 
Prewitt edge detector.

Following code shows the use of 
Sobel operator for edge detection:
>> A = imread(‘Penguins_grey.jpg’);

>>Sobel_A=edge(A,’sobel’);

>>imshow(Sobel_A)

Fig. 13 shows the resultant im-
age.

Let us now add Gaussian noise 
to the Penguins_grey.jpg image. We 
then process it using the Sobel edge 
detector: 
>> A = imread(‘Penguins_grey.jpg’);

>>A_noise=imnoise(A,’gaussian’);

>>Sobel_A=edge(A,’sobel’);

>>imshow(Sobel_A)

Fig. 14 shows the resultant im-
age.

Non-linear filters
Non-linear filters work at a neigh-
bourhood level, but do not process 

Fig. 9: Gaussian filtered image with standard 
deviation specified as 5

Fig. 10: Image with edges extracted using the 
Prewitt operator

Fig. 11: Image with the added Gaussian noise

and edge enhancement operations.
The IPT function edge has op-

tions for both Prewitt and Sobel 
operators. Edge detection using Pre-
witt and Sobel operators can also be 
achieved by using imfilter command 
with the corresponding 3x3 masks 
(which can be created using fspecial 
command). 

Following code extracts edges in 
the image using Prewitt operator: 
>> A = imread(‘Penguins_grey.jpg’);

>>Prewitt_A=edge(A,’Prewitt’);

>>imshow(Prewitt_A)

Fig. 10 shows the resultant im-
age.

Let us now add Gaussian noise 
to the Penguins_grey.jpg image. We 
then process it using the Prewitt 
edge detector: 
>> A = imread(‘Penguins_grey.jpg’);

>>A_noise=imnoise(A,’gaussian’);

>>Prewitt_A_noise=edge(A_noise,

’Prewitt’);

>>imshow(A_noise)

Fig. 12: Image filtered with Prewitt edge detector
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A = imread(‘Penguins_grey.jpg’);

Noise_snp=imnoise(A,’salt& pepper’);

imshow(Noise_snp)

Filtered_snp=medfilt2(Noise_snp,[3 3]);

imshow(Filtered_snp)

Figs 15 and 16 show noisy and 
cleaned images, respectively. Fig. 
17 shows another noisy image and 
Fig. 18 shows this image cleaned 
using median filter. 

Sliding window operations
Sliding window neighbourhood 
operations are implemented in 
the IPT using one of these two 
functions: nlfilter or colfilt. Both 
functions accept a user-defined 
function as a parameter. Such func-
tion can perform linear as well as 
non-linear operations on the pixels 
within a window. For rank filters, 
the IPT function ordfilt2 makes it 
very easy to create min, max and 
median filters. 

The syntax for nlfilter has three 
arguments: the image matrix, the 
size of the filter and the func-
tion to be applied. The follow-
ing line defines a filter that takes 
the maximum value in a 3x3 
neighbourhood: 
cmax = nlfilter(c,[3,3],‘max(x(:))’);

A filter that takes minimum 
value in a 3x3 neighbourhood is 
defined by the following command: 
cmin = nlfilter(c,[3,3],‘min(x(:))’);

Region of interest processing
Filtering operations are sometimes 
performed only in a small part of 
an image, referred to as the region 
of interest (ROI). ROI is specified 
by defining a mask that limits the 
portion of the image in which the 
operation will take place. 

Image masking is the process 
of extracting a sub-image from a 
larger image for further processing. 
ROI processing can be implemented 
in MATLAB using a combination of 
two functions: roipoly (for image 
masking) and roifilt2 (for actual 
processing of the selected ROI).

To be continued next month

Fig. 15: Noisy image

Fig. 16: Cleaned image

Fig. 17: Another noisy image

Fig. 18: The image cleaned using median filter

Fig. 13: The resultant image using Sobel 
operator for edge detection

Fig. 14: Image with Gaussian noise processed 
using the Sobel edge detector

pixel values using the convolution 
operator. Instead, these usually ap-
ply a ranking (sorting) function to 
pixel values within the neighbour-
hood and select a value from the 
sorted list. For this reason, these are 
sometimes called rank filters. Exam-
ples of non-linear filters include me-
dian filter and max and min filters. 

Median filter is a popular non-
linear filter used in image process-

ing. It works by sorting the pixel 
values within a neighbourhood, 
finding the median value, and re-
placing the original pixel value with 
the median of that neighbourhood. 
Median filter works much better 
than an averaging filter with compa-
rable neighbourhood size in reduc-
ing salt and pepper noise. Because 
of its popularity, median filter has 
its own function (medfilt2) provided 
by the IPT.

Following code shows the use 
of median filter to remove salt and 
pepper noise from the image Pen-
guins_grey.jpg:
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Technology, Delhi, as a faculty member of 
an energy efficiency research project. He 
was joined by Rahul, who had worked in 
the legal outsourcing industry, and Vishal, 
who was associated with ING Global since 
his graduation from IIM Ahmedabad. 

However, the road was not smooth as 
they had to take detours in their develop-
ment to get the expected results in the 
form of WattMan. “We started off trying 
to become an energy analytics company. 
However, to provide the analytics we 
needed to collect the data. For that, the 
devices needed to be connected. So we had 
to become an IoT company first. We had to 
build a robust hardware that would allow 
us to collect a large volume of data at any 
application scale,” said Amarjeet. It took 
about one-and-a-half year for the Zenatix 
team to complete WattMan.

The intelligence behind WattMan
WattMan BMS, driven by technologies like 
IoT and artificial intelligence (AI), provides 
intelligent controls together with predic-
tive and preventive maintenance. With 
WattMan, enterprises can ensure that all 
electrical appliances are switched on/off 
automatically according to an intelligent 
schedule, eventually resulting in no wastage 
of electricity. Additionally, businesses can 
prepare before any appliance breaks down. 

The complete WattMan architecture 
consists of four main layers: sensing layer, 
edge layer, an IoT stack over the cloud and 
an AI suite.

The lowest layer of the stack consists of 
sensors and control points. To serve differ-
ent business requirements, only this sensing 
layer has to be customised, keeping the rest 
of the architecture intact. Edge devices were 
designed with great effort and care to com-
ply with the local environmental conditions. 

Amarjeet says, “Connecting the infra-
structure locally in the store as well as 
to the Internet is the difficult part. Given 
the local challenges in India, the control 

Data analytics and the Internet of Things 
(IoT) have successfully stepped into 
the realm of energy efficiency. Using 

these technologies, businesses with geo-
graphically distributed framework can follow a 
centralised predictive and preventive mainte-
nance model for their energy-driven assets and 
save a great deal on expenses. Gurgaon-based 
startup Zenatix Solutions has developed such 
a solution. Called WattMan, this end-to-end 
IoT-based building management system (BMS) 
can help businesses cut their electricity con-
sumption by up to 30 per cent and substan-
tially mitigate their maintenance struggles.

WattMan lets businesses like retail chains, 
banks and cold storages identify an upcom-
ing infrastructural malfunction and take 
preventive measures accordingly. For exam-
ple, Mother Dairy is using WattMan to check 
whether the storage cooling system at its 
outlets is drawing excess electricity than what 
it should. They get the cooling system serviced 
while arranging for a backup before the actual 
breakdown happens, essentially preventing 
unnecessary hassles, spoilage of products and 
interrupted business hours.

How the idea was conceived
Zenatix was founded by IIT Delhi batchmates 
Amarjeet Singh, Vishal Bansal and Rahul 
Bhalla. The idea of working in the energy ef-
ficiency domain came from Amarjeet after his 
stint at the Indraprasth Institute of Information 

WattMan: Enabling Energy-Saving And 
Predictive Maintenance For Businesses

Paromik 
Chakraborty is a 
technical journalist 
at EFY 

Fig. 1: The complete WattMan architecture 

WattMan kit with  
energy meter 

WattMan Lite 

•	 End-to-end,	from	hardware	to	cloud	stack	and	AI	
engine,	designed	in-house

•	 Allows	us	to	easily	customise	to	address	specific	
customer	requirements	

•	 Hardware	ruggedised	for	Indian	and	emerging	
economies

•	 Technology	enabling	large	scale,	distributed	
operations	and	maintenance	

Edge Computing
Allows	for	monitoring	and	

control,	and	able	to	handle	
connectivity	failures	and	

power	failures	

AI Engine
Models	providing	predictive	
and	preventive	maintenance	

use	cases

Sensing and Control Hardware
Sensors—Provide	real	time	visibility
Control—Allows	for	automation	of	
operations	

Modular IoT Stack
Manage	billions	of	data	points;
Customised	dashboard,	reporting	
and	real	time	alerts	for	optimised	
operations

Technology Advantage
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action had to happen locally. This 
is where edge computing assumes 
significant importance. Suppose you 
want to turn on the air-conditioner 
at 9 o’clock, but the power or the 
network is down at that time and 
resumes at 9:30. The system should 
have the intelligence that there is a 
missed schedule at 9:00 and now 
it is 9:30. So the AC should turn on 
now. All this computation has to 
happen on the edge. So the edge 
should be very smart.”

Zenatix started off with an 
open source stack for WattMan and 
enhanced it to suit the applications 
as per their requirements. This gives 
WattMan the scalability for customi-
sation and allows the team to deploy 
the stack on any cloud server—be it 
a platform-as-a-service like Amazon 
Web Services or any personalised 
server. The AI suite uses machine 
learning algorithms to provide in-
sights using data procured from the 
systems and raises alerts in case any 
appliance needs maintenance.

While WattMan provides predic-
tive feedback on possible appliance 
malfunctions, the Zenatix team also 
ensures that Wattman’s own hard-
ware is working properly and can 
be managed from a remote location. 
The hardware is built to accom-
modate a VPN connection, which 
gives the administrator access to 
every end point throughout all the 
customer sites from a central office. 
WattMan consistently updates the 
team on its health by providing data 
on numerous functional parameters. 

“We collect a lot of information 
on the health of our hardware over 
the endpoints, like Wi-Fi connectiv-
ity status, number of reboots and 
memory status to name a few. Over 
time, this helps us to troubleshoot 
without losing any time and avoid 
hardware failure,” says Amarjeet.

Market presence
WattMan has been deployed at more 
than 800 sites across the coun-
try, setting up roughly 20,000 end 

points. It targets a large range of 
customers including cold storages, 
retail chains, bank branches, ATMs 
and quick service restaurants. 

Other than Mother Dairy, Domi-
nos is also using WattMan solution. 
Zenatix claims that WattMan ad-
dresses three major problems faced 
by Dominos: energy wastage, poor 
store visibility and high maintenance 
costs. WattMan is performing energy 
management and predictive mainte-
nance in 200 outlets of Mother Dairy. 
Zenatix claims WattMan yields 10-30 
per cent cost savings for its custom-
ers, including energy savings and 
reduction in maintenance costs. 

The challenges
The Zenatix team recollects the big-
gest challenge was to customise the 
hardware to environmental condi-
tions of India and other emerging 
economies. 

“Specifically, the environment 
in such economies is unfavourable 
with voltage fluctuations, intermit-
tent network connectivity, power 
failure, higher noise in the environ-
ment and so on. These challenges 
are non-standard in developed 
economies like the US or Europe. 
Therefore importing the hardware 
from these regions and expecting it 
to work in our environment was not 
an option,” Amarjeet shared. 

The scope of services
Zenatix plans to take WattMan beyond 
the boundary of energy efficiency. 

Amarjeet elucidates, “Today, 
we are providing energy manage-
ment solutions to our customers 
like Dominos. Tomorrow, we might 
enable them to integrate and control 
their menus centrally and digitally 
with the help of WattMan. In fact, 
we have received similar requests 
from customers and we are yet to 
plan our roadmap. Wattman is also 
benefiting ATMs by improving their 
uptime with the processor-driven 
edge system and intelligent design. 
The key is to design the system such 
that we can scale up the application 
as per requirement on the existing 
hardware. So we have over-invested 
in the hardware.”

With plans to increase the applica-
tion domain and scalability of Watt-
Man, Zenatix aims to push its busi-
ness offshore as well. After attending 
the Microsoft Accelerator programme 
in 2017, it has partnered with them to 
leverage their relationships in retail 
and banking. 

Amarjeet mentions, “To this ef-
fect, we were recently selected by IoT 
Acceleration Consortium (ITAC) as 
one of the ten startups from India to 
exhibit at CEATEC to meet Japanese 
companies and government officials 
and work out synergies.”  

Fig. 2: How WattMan manages retail stores 

Challenges
Lack	of	governance	leading	to—
•	 Energy	wastage	
•	 Poor	visibility	on	product/service	quality
•	 High	maintenance	costs	and	breakdowns	

Benefits of WattMan

•	 Energy	savings	of	10%	to	30-%
•	 Product	and	service	quality	assurance
•	 predictive	and	preventive	maintenance	

•	 Install	energy	meters		
and	temperature	sensors

•	 Install	actuators	for	control
•	 Connect	all	assets	over	the	
Internet	through	Zenatix	Controller	

Automated	controls	that	are—
•	 Rule	based,	or
•	 Data	based
for	ACs,	exhaust	fans	and	
lighting	

•	 Real	time	monitoring	of	assets
•	 Alerts	for	deviations	from	operations
•	 Automated	compliance	reports
•	 Real	time	predictive/preventive	
maintenance	alerts	

Centralised 
visibility 

Connect all 
outlets 

QSR/Supermarket

Centralised 
control 
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Useful Utility tools  
And FUn simUlators

The following software, besides other, can be found in the DVD  
accompanying EFY Plus edition of this magazine 

TORCS—The Open Racing 
Car Simulator

This is a fun and engaging 3D 
car racing simulator available as 
open source. It supports major 
operating system platforms like 
Windows, Mac OS X and Linux, as 
well as FreeBSD and OpenSolaris. 
To play, you can use either your 
keyboard, mouse or a wheel input 
device. The latest version avail-
able for download is 1.3.8-test 1. 
It contains a new playable track, 
improved simulation code for 
slopes and banking, tire wear and 
temperature models, and better 
z-collision effects. You can also 
participate in the TORCS Endur-
ance World Championship. The 
simulator is developed with C++ 
and licensed under the GNU Gen-
eral Public License.

Simutrans
If you ever wanted to be the 
authority of a city-wide transport 
corporation, Simutrans is a great 
simulation game for you. You will 
be in-charge of constructing and 
managing different transportation 
systems like trains, trams, mono-
rails, roads, planes and waterways 
that will be used by passengers or 
for goods. The gameplay experi-
ence is highly enjoyable due to 
the different destinations and 
circumstances set by the game’s 
AI. Simutrans v120.2.2 comes 
with multiplayer feature and an 
expandable mod.

Stellarium
Stellarium open source tool cre-
ates a planetarium simulation. 

With the help of OpenGL program, 
it simulates a realistic projection 
of the constellation of the night 
sky in real time. Stellarium 0.16.1 
runs on Linux, Mac and Windows. 
The optimal system requirement 
is a 3D graphics card supporting 
OpenGL 3.3, 1GB RAM and 1.5GB 
on the disk.

LibreELEC
LibreELEC is an open source Just 
Enough Operation System (JeOS) 
for Linux distribution purpose. 
JeOS is an operating platform that 
is customised to support a specific 
application with only the OS com-
ponents that support the applica-
tion and a third-party appliance. 
LibreELEC 8.2.0 has an improved 
hardware support for Intel and 
Raspberry Pi. The platform is 
mainly developed to support the 
entertainment software Kodi. Its 
recent upgrades support SMB2/3.

MediaPortal
Specific to Windows operating 
system, this open source media 
centre can act as a great alternative 
to Windows Media Player. Other 
than exploring local media files, 
MediaPortal also allows audio and 
video streaming online with the 
help of plugins. Users can access 
and record live TV and radio audios 
with the help of a personal video 
recorder. The latest version, Me-
diaPortal 1.18.0, has a large list of 
bugs fixed and spectrum analyser 
plugin support.

VLC
This is an open source portable me-
dia streaming tool supported across 

platforms including Windows, 
MacOS, Linux, Android, iOS and 
Tizen. It supports a large group 
of video decoding and encoding 
libraries, procuring major co-
decs from the libavcodec library. 
Hence it is compatible with all 
the major video file types. The 
latest upgrade of VLC comes with 
an improved interface and more 
protocol support.

Miro
This open source audio-video 
player is also an interesting tool 
for running Internet TV applica-
tion. Miro version 6.0 can run on 
Kindle alongside other main-
stream platforms. Two devices 
with Miro installed can share and 
transfer files with each other if 
available under the same Wi-Fi 
network. Miro allows torrent 
downloads and video conver-
sions, too. It is compatible with 
Windows, MacOS, Android, 
FreeBSD and Linux.

LibreOffice
LibreOffice is a well-known 
open source office tools suite. 
Developed under The Document 
Foundation project, it packs all 
essential documentation and of-
fice utility features like document 
writer, presentation developer, di-
agram and drawing tool, spread-
sheet and databases. It is set as a 
default office tool for many Linux 
platforms and is also supported 
on Windows and MacOS. The 
latest version 5.4.6 has import 
compatibility with dotx and dotm 
files, improved footnotes and end-
notes, and a new toolbar.  
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Bringing PCB-Design And 
simulation Together With esim 

Efficient electronic design 
automation (EDA) calls for 
performing design layout, 

simulation and analysis using a 
single tool. The open source com-
munity delivers a software for the 
purpose in the form of eSim. Devel-
oped by a team from IIT Bombay, 
eSim packs a host of features and 
modules that make EDA compre-
hensive and simple. It is built using 
Python and merges KiCad circuit 
design software and Ngspice layout 
simulation package, which makes it 
a handy tool to develop and analyse 
new layouts and sub-circuits, or edit 
existing ones.

The latest version of eSim soft-
ware has a gamut of modules that 
work in sync to provide a compact 
circuit layout framework and a sim-
ulation space—all under one roof. 
Let’s explore these different modules 
and how they make EDA easy.

Circuit design
Circuit design starts with schematic 
creation and netlist generation, fol-
lowed by creating the component 
footprint and then finalising the cir-
cuit layout. KiCad tools like EEsche-
ma, CvPCB and PCBnew are meshed 
with eSim to enable circuit design.

Schematic creation with EE-
schema. EEschema is a popular 
tool for circuit schematic creation 
and editing. It allows you to draw 
the circuit and controls, which are 
passed down for creation of compo-
nent footprints. EEschema manages 
the components library for eSim, 
enabling users to view, create or edit 
components. The netlist of the cir-
cuit is also developed here. It is the 
list of components and nodes that 
will be available in a circuit.

Component footprinting with 
CvPCB. CvPCB completes compo-
nent layout on the PCB schematic. 
First, it helps in assigning the cor-
rect component footprints to the 
schematic and netlist generated 
by EEschema. Then it enables the 
user to place components on the 
schematic based on the footprints. 
Options like footprint filtering and 
list viewing, and 3D view of com-
ponents help to avoid errors in 
the process. CvPCB has the ca-
pability to assign footprints auto-
matically with equivalence tables, 
thus ensuring quick and accurate 
footprint association.

Layout formation with PCBnew. 
PCBnew works with EEschema and 
CvPCB to create PCB layout. Inputs 
are the schematic and netlist created 
by EEschema and PCB component 
layouts based on the footprint cre-
ated by CvPCB. PCBnew has a pleth-
ora of features that help in creating 
an error-free PCB design. One such 
major feature is the design rules 
check (DRC), which points out any 

erroneous arrangement in the circuit 
in real time. The visual interface is 
a rat’s nest display, where compo-
nents and nodes are connected by 
a hairline. Any movement made to 
the components moves the circuit 
along. Modifications made to the 
circuit schematic or components are 
automatically integrated by PCBnew. 
Effective auto-routers help in circuit 
production with export/import 
capability in SPECTRA dsn format. 
PCBnew also supports ultra-high-
frequency circuit design.

Model framing
The eSim team has created two 
modules that can help users to create 
complex circuit models and hierar-
chies: Model Builder and Subcircuit 
Builder. 

Model Builder. With the help of 
Model Builder, users can define the 
circuit model they want to build in 
eSim. Existing models can be edited 
as well. Circuit model options in 
Model Builder include diode, bipolar 
junction transistor (BJT), junction 

Fig. 1: eSim Startup page (Image source: esim.fossee.in)
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field-effect transistor (JFET), metal-
oxide semiconductor field-effect 
transistor (MOSFET), magnetic core 
and IGBT.

Subcircuit Builder. Its main 
function is to create the sub-circuit 
for a component. The sub-circuit so 
created can be used in other circuits 
as well. Subcircuit Builder module has 
a feature to define new components 
like op-amps and IC 555. Users can 
also edit existing sub-circuits with 
this module.

Simulation
Built circuit layouts need to be 
verified for their validity, integrity 
and efficiency. Simulation software 
serves this purpose. eSim software 
includes a group of simulation tools 
to convert and visualise the circuit 
layout created using KiCad packages 
and Model Builder.

KiCad to Ngspice converter. The 
netlist generated by schematic edi-
tors needs to be converted into an 
Ngspice-compatible format. Devel-
oped in-house by the eSim team, the 
KiCad-to-Ngspice converter module 
helps to achieve that along with 
analysis parameters and source de-
tails. You can also add or edit device 
models and subcircuits present in 
the circuit schematic.

Simulation with Ngspice and 
NGHDL. Ngspice is a popular cir-

cuit simulator tool integrated into 
eSim platform. It can analyse non-
linear DC, non-linear transient and 
linear AC lines. It supports almost 
all essential components includ-
ing inductors, resistors, capacitors, 
individual current and voltage 
sources, transmission lines (both 
lossless as well as lossy), switches 
and distributed resistor-capacitor 
lines. It also supports all types of 
models provided by Model Builder. 
After the schematic and model are 
selected and converted, Ngspice 
displays the analysis in a graphical 
user interface.

NGHDL is an add-on simulation 
suite that eSim uses for mixed-mode 
circuit simulation using simulation 
tool GHDL.

OpenModelica. This is a mod-
eling and simulation tool with two 
modules: OMEdit, an integrated 
development environment (IDE) 
for the modeling and simulation 
logic, and OMOptim, another IDE 
for optimising the simulation. It 
incorporates Modelica programming 
language.

Working with eSim
The eSim platform is quite user-
friendly, and supports Windows (7, 
8, 10) and Ubuntu (12.04) operating 
systems. The main user interface 
(UI) is quite familiar, with menu 

bar, tool bar, dock area and console, 
project explorer and workspace. The 
toolbar allows users to access eSim 
modules as required.

Clicking ‘Schematic Editor’ but-
ton in the toolbar takes the platform 
to EEschema. EEschema has a series 
of toolbars that enlist the compo-
nents and functionalities, which can 
be picked and placed on the work-
space to create the circuit schematic. 
There are options of ‘Footprint 
Editor,’ which opens the CvPCB tool, 
and a layout editor, which opens the 
PCBnew tool. These steps create the 
netlist and the PCB layout.

The ‘Convert KiCad to NgSpice’ 
option enables format conver-
sion. This section packs five tabs: 
Analysis, which sets the differ-
ent parameters for analysing the 
circuit; Source Details, a dynamic 
tab scaled as per the number of 
power sources in the circuit; Device 
Modeling, which opens Model 
Builder; Subcircuits, which allows 
users to choose or create sub-cir-
cuits for components; and Ngspice 
Modeling, which opens the in-built 
Ngspice models. All this data needs 
to be entered. Once done, the 
conversion is processed. ‘Simula-
tion’ button displays a Python plot 
of the circuit on a graphical user 
interface. The Ngspice-to-Modelica 
converter translates the simu-
lated circuit in Modelica language, 
which is fed into the OMOptim for 
circuit optimisation.

The eSim library contains a 
comprehensive list of components 
and models. Users can also upload 
external library files to eSim. 

Summing up
Developed under the Free and Open 
Source Software for Education (FOS-
SEE) initiative, eSim can be a decent 
alternative to commercial EDA 
solutions like OrCAD and HSPICE. 
The integration of PCB design and 
simulation in one package makes it 
a strong recommendation for basic- 
and medium-level users.  

Fig. 2: Simulation on eSim (Image source: esim.fossee.in)
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Kodi: Your Open Source  
Playback Companion 

Open source media players are 
a blessing for users looking 
for smooth entertainment 

solutions. Kodi is a comprehensive 
open source media playback soft-
ware that can run on a plethora of 
platforms including Windows, iOS, 
Linux, Raspberry Pi and Android. 
It is commonly used to stream and 
play media files online or locally 
on computers or handsets. Here we 
explore more about Kodi.

What Kodi does
Multiplatform home theatre ap-
plication is widely adopted due to 
its high customisability. The Kodi 
media centre is a fun tool to browse 
through audios and videos available 
in the system. Additionally, third-
party application plug-ins can ex-
pand the usability of Kodi up to the 
Internet. For example, applications 
like Netflix and Pandora enable 
users to access streaming media 
online. Kodi runs in a full-size user 
interface (UI) by default. The home 
screen and UI might appear slightly 
crowded due to the huge range of 
options available in the software.

Media streaming. The Kodi 
toolbar packs a bunch of options 
including Movies, TV Shows, Music 
Videos, TV, Radio, Pictures, Videos, 
Add-ons, Favourites and Weather. 
In media-streaming options like 
movies, videos and music, users get 
to browse through the different stor-
age options or direct to the online 
network from where the media file 
needs to be streamed. Different 
browsing options include Internal 
Storage, External Storage, Network 
File System, Root File System, Uni-
versal Plug and Play (UPnP) device, 
Windows SMB network or playlists.

Endless add-ons. Add-on options 
make Kodi highly scalable. The 
mega list of add-on browsers sug-
gested by default is filled with va-
riety. For instance, Kodi gives users 
the option to add media channels 
as diverse as 9GAG.TV, ABC Fam-
ily, Apple iTunes Podcasts, Comic 
Vine, CNET Podcast, ESPN, IGN.
com, Netflix and MTV, and access 
them from a single platform. Users 
can configure the plugins with their 

preferable settings during playback.
The add-ons do not end at audio 

and video media—you can sync 
applications as well. For instance, 
if you are running Kodi on an 
Android platform, you can find all 
the applications installed on your 
system available and accessible 
from Kodi. You can download more 
applications as well. Under the 
‘Add-ons’ tab, Kodi has a separate 
option called ‘Download.’ It has all 

Fig. 1: The Kodi user interface

Fig. 2: Accessing add-ons on Android
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the plugin options you can avail, 
categorised according to the ap-
plication. You can even find game 
controller add-ons, subtitle add-ons 
and program add-ons in addition to 
the other categories.

AirPlay, UPnP, VPN support 
and more. Enabling Kodi’s AirPlay 
feature allows users to access iOS 
devices and stream media directly—
basically, it allows users to mirror 
an iOS device. With UPnP and Digi-
tal Living Network Alliance (DLNA) 
support, Kodi can send and receive 
files from other UPnP connected 
devices. To access this feature, you 
should enable the UPnP support on 
Kodi. Both AirPlay and UpnP/DLNA 
can be found in ‘Services’ option 
under ‘Settings’ tab.

Kodi also supports virtual private 
network (VPN). For instance, users 
can plug in CyberGhost VPN service 
to access third-party networks 
virtually.

Upgrading to Krypton
The ongoing v17 series of Kodi 
is called Krypton. Team Kodi has 
declared that v17.6 will be the last 
update of Krypton series, which will 
soon be followed by version 18 series, 
called ‘Leia.’ While the software com-
munity awaits the arrival of Kodi Leia, 
below are the Kodi Krypton upgrades:

Live TV and personal video 
recorder. Live TV and personal 

Fig. 3: Enabling Airplay on Kodi

video recorder (PVR) features allow 
users to live-stream videos over 
video channels and audios over the 
radio. Latest improvements include 
options of sorting and viewing 
the latest recordings and the last 
played channel. Users can schedule 
a recording time or do an instant 
recording using Kodi. The PVR has 
over 15 add-ons.

Android support upgraded. Kodi 
is compliant with Android’s audio 
API standards including DTS-HD, 
DTS-X, Dolby TrueHD and Dolby 
ATMOS. In addition, Kodi now 
supports 4K video, HEVC, VP9 and 
VC-1/WMV 9 playback.

Updated playback engines. Kodi 
has been upgraded with improved 
video decoding/encoding, audio-
video synchronisation and refresh 
rates. The Kodi media supports 
almost all the latest video codecs. 
New add-ons comply with streaming 
protocols like SmoothStream, XSML, 
MPEG-DASH and RTMP.

To sum up
Whether you download Kodi on 
your computer, use it from your 
smartphone or even install it in 
your Amazon Firestick, this open 
source media player is a fun tool to 
get all the local and online media in 
one place. So enjoy Kodi Krypton, 
while we wait to see what Leia has 
to offer!  
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LogicCircuit: Building Digital Circuits 
Made Easy 

Open source software Logic-
Circuit is a handy assistant 
for digital circuit and logic 

gate design. Originally intended 
for educational purposes, this free 
software has been expanded to 
medium-level practical use as well. It 
is used to design and simulate digital 
logic circuits. 

The LogicCircuit interface is a 
blend of drag-and-drop actions and 
symbolic features based on a simple 
layout. It has two functional modes: 
edit mode, where you can create 
and edit circuits, and run mode, 
where you can simulate the func-
tioning of the designed circuit. The 
software packs an array of function-
alities that cover the essentials of a 
logic circuit design. We look into all 
these features and how they make a 
compact design and analysis tool for 
circuit developers.

Creating and editing circuits
Edit mode of the software opens 
with a workspace (design surface) in 
the middle, a toolbar with multiple 
options on the top and a left panel. 
The left panel contains all the com-
ponents and parameters that can be 
incorporated in a circuit, while the 
central workspace starts up blank, 
where the main designing and edit-
ing can be done. Each desired com-
ponent can be dragged and placed on 
the design surface from the panel.

Components can be moved around 
within the surface with a similar 
dragging function. The wiring in the 
circuit can be indicated by connecting 
the output point of one component 
to that of another with the help of 
your mouse. A group of elements can 
also be moved around together by 

Fig. 1: The LogicCircuit interface (Image source: http://www.logiccircuit.org)

Fig. 2: ROM editor 
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selecting them with Ctrl key on your 
keyboard. To assign parameters to 
components, like name, bit width, 
description and so on, double-click 
each component. This will pop-up 
a new window enlisting all these 
parameters. All the above-mentioned 
actions can be implemented to edit 
existing circuits as well. Once the 
circuit is done, a power button be-
comes available on the screen, which 
displays how the circuit works. All 
the circuits created are enlisted in the 
left panel under Circuit Projects.

LogicCircuit can help in creating 
advanced circuits and sub-circuits as 

well. For the purpose, you can cre-
ate a new circuit in the project and 
add input and output pins to each 
created circuit. The characteristics of 
these pins can be updated by simply 
double-clicking them and changing 
parameters in the pop-up that will 
show up. The different circuits can 
then be connected to create a com-
plex arrangement.

Using splitters
Splitters are used in circuits to 
prevent the crowding up of wires. 
LogicCircuit enables you to do just 
that. To avoid too many overlap-

ping wires and 
a messy circuit 
design, you can 
converge a bunch 
of the wires into 
the splitter so that 
the output draws 
one clean connec-
tion. The number 
of input lines to 
the splitter has to 
be inserted first. 
By double-click-
ing the splitter, 
parameters like 
bit count, pins, 
input or output 
type, and so on 

appear in a pop-up. All these param-
eters determine the splitter’s capac-
ity. Any element including constants, 
input and output pins, random-access 
memory (RAM) and read-only memo-
ry (ROM) supports the bundles.

Inserting memories
LogicCircuit supports ROM and RAM 
circuits in their design. The ROM in 
the software comes as a circuit with 
one input pin, which accepts the 
address value of the required data, 
and one output pin, which points 
to the memory cell that corresponds 
to the inserted address where the 
data resides. ROM program can be 
customised by double-clicking the 
element. This opens the ROM data 
window. Here, you can update ad-
dress bit-width, data bit-width and 
data columns that contain the data.

The number of columns are the 
square of the value of the address 
bit entered, therefore these change 
dynamically as per the address bit-
width entered. Data cells store data in 
hexadecimal format. You can also load 
data from a pre-stored binary file.

The RAM circuit comes with 
three input pins and one output pin. 
Among the three inputs, the first pin 
accepts the address of the cell that 
will store or read data. The second 
pin accepts the data from the circuit 
at given time intervals, which will 
be stored in the memory cell. The 
third pin is the write-signal acceptor 
of the RAM. RAM functional proper-
ties can be edited by double-clicking 
the element.

RAM editor has similar param-
eters as ROM, like address bit-width, 
data bit-width and data cells. There 
are two more properties. ‘Write on’ 
property, available as a dropdown, 
determines when the RAM will 
write data into its memory. ‘On Start 
Fill’ sets the RAM characteristics 
when the circuit will be powered 
up and the RAM will start running. 
Select suitable options to determine 
the complete functional nature of 
your RAM. Fig. 4: Creating a visual display

Fig. 3: RAM editor
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Creating visuals
LogicCircuit lets you create a visual 
display logic. Clicking ‘Circuit’ on 
the toolbar, and then ‘Logical Cir-
cuit’ opens a dialogue box in the on-
going circuit project. In the options 
given, clicking ‘Display visual ele-
ments on symbol’ checkbox enables 
visual logic creation. The left panel 
displays a preview of the visual logic 
built. A popular use case of this is 
creating digital numeric keypads.

Circuit debugging
LogicCircuit offers a handful of cir-
cuit debugging methods. One of the 

Fig. 5: Oscilloscope readings

easier ways is to point the mouse 
cursor over the output element dur-
ing runtime, which displays the bit 
width and value. Adding a probe 
element to the circuit logs the val-
ues and stores the runtime output 
history, which can be viewed by 
double-clicking it.

LogicCircuit also offers an oscil-
loscope analyser, where users can 
view the runtime characteristics of 
multiple probes at a time.

The oscilloscope can be ac-
cessed from ‘Tools’ menu in the 
toolbar and enabled only if there 
is at least one probe in the circuit. 

Debugging can also be done with 
the help of tool tables and script-
ing available in LogicCircuit.

LogicCircuit can help design-
ers digitally generate complex 
and interesting circuit designs. 
It also has the option to design 
LED matrices.

Latest upgrades
The latest update of LogicCircuit 
is version 2.17.08.15. The v2.17 
series added scripting functional-
ity in Python programming lan-
guage and a command console to 
the software. Many improvements 
have been brought throughout 
the upgradations, including 
improvements in RAM and ROM 
performance, UI updates, and 
support for more languages like 
Japanese, Greek and Persian. 
With all these improvements 
put in place, LogicCircuit is a 
simple yet formidable tool for 
engineers’ inventory.  
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India’s consumer electronics and home 
appliances market to grow 10 per cent

Make in india

Industry News

On The Move
Two Indian executives bag  
global roles at Samsung
Samsung India has promoted two 
of its Indian executives to global 
roles. Asim Warsi, currently head of 
Samsung India’s Mobile Division, has 
been made global vice-president, 
while Dipesh Shah, managing 
director of Samsung R&D Institute in 
Bengaluru, has been promoted to the 
role of global senior vice-president. 
However, both the executives will 
continue to be based in India, leading 
their respective divisions. 

Gionee’s global sales director  
to head India operations
David Chang, global sales director, 
Gionee Communication Equipment, 
will now lead India operations for 
the brand. He has 13 years of 
robust industrial experience, and 
has been associated with Gionee 
Communication for over a decade. 

Tally appoints R&D chief
Business software provider Tally 
Solutions has appointed Arvind 
Kumar as the chief of R&D. Arvind 
will directly report to Tally’s managing 
director, Bharat Goenka. He will be 
based out of the Bengaluru office 
and will lead the R&D team of over 
150 resources. Prior to Tally, Arvind 
worked with Philips as director-R&D 
of Health Suite Digital platform. He 
has also worked with GE Healthcare, 
Hughes Network Systems, NIIT 
and Methodex System in various 
technology leadership roles. 

Technavio market research analysts 
forecast the consumer electronics and 
home appliances market in India to 
grow annually at around 10 per cent 
during 2017-21. The report enlists 
consumer electronics and home ap-
pliances as the two major product 
segments, of which consumer electron-
ics accounted for close to 74 per cent 
market share in 2016. 

According to Technavio analysts, 
three main market drivers are the 
growth in government initiatives for 
electronic products, rising changes 
in the design of home architecture 
and increasing demand for premium 
appliances.

The government of India has 
allowed 100 per cent foreign direct 
investment (FDI) in the consumer 
electronics and home appliances 
manufacturing sector through auto-
matic route and 51 per cent FDI in 
multi-brand retail. This has become 
a key attraction for foreign inves-
tors. Moreover, with the help of 
Make in India drive, India is on the 
path to becoming a high-technology 
manufacturing hub of electronic 
products. The government’s plans 
to electrify the entire country by the 
end of 2019 will also boost the de-
mand for consumer electronics and 
home appliances. 

IT spending to grow 9 per cent 

New policy on electronics likely by March next year 

India’s IT spending will increase 9.2 
per cent from 2017’s estimated spend-
ing of $79.7 billion to total $87.1 bil-
lion in 2018, according to Gartner, Inc.

Enterprise software and IT services 
continue to exhibit strong growth, with 
devices continuing to drive the majority 
of overall IT spending in India. Software 
spending is projected to grow 17.9 per 
cent in 2017, and it will grow another 
15.3 per cent in 2018 to reach $5.7 bil-
lion. IT services spending is on pace 
to grow 15.7 per cent in 2017 to reach 

$12.6 billion, and increase 13.8 per 
cent in 2018 to reach $14.3 billion.

The devices segment is expected 
to register an increase of 23.2 per 
cent in 2017 and 13 per cent in 2018. 
Increased average selling prices for 
premium phones in mature markets, 
partially due to the introduction 
of iPhone 8 and X, along with an 
underlying demand for PCs from 
businesses replacing their machines 
with Windows 10 PCs, is driving the 
growth in this segment.

The Indian government is likely to 
bring out a new National Policy on 
Electronics by March 2018 to spur 
domestic electronics production. The 
policy will be aimed at boosting the 
flagship Make in India programme 
and curb the country’s trade deficit.

“We have set a target of net zero 
imports in electronics by 2020, and 

the new policy will focus not only 
on ramping up domestic production 
but also on making India an export 
hub,” a senior official at the Ministry 
of Electronics and IT (MeitY) told 
The Hindu.

Work is under way to release a 
draft policy that would outline the 
framework to make India a global 

leader in product verticals such as 
medical and automotive electronics, 
besides mobile phone and con-
sumer electronics. The government 
had first unveiled an Electronics 
Manufacturing Policy in 2012, which 
included schemes such as Modified 
Special Incentive Package Scheme 
and electronic development fund. 
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Calendar of Forthcoming Electronics  
Fairs/Exhibitions/Seminars/Events

Name, Date and Venue Topics Contact address for details

CeBIT INDIA 2017 
November 30-December 2, 2017 
White Orchid Convention Centre, 
Hebbal, Bengaluru

Digital innovation show Hannover Milano Fairs India Pvt Ltd
Website: www.cebit-india.com 

LED Expo
November 30-December 2, 2017
Pragati Maidan, New Delhi

Exhibition covering the entire value chain of the 
LED industry

Website: www.theledexpo.com

Inter Solar 
December 5-7, 2017
Bombay Exhibition Centre, Mumbai

Exhibition and conference for the solar industry Website: www.intersolar.in/en/home.html

Techtronics 2017
December 8, 2017
Silver Oaks Hall, India Habitat 
Centre, New Delhi

A meeting platform for the global leaders and 
startups covering technologies, opportunities and 
innovation in a resurgent India 

Website: http://iesaonline.org/
techtronics/2017

ELEXCON 2017
December 21-23, 2017
Shenzhen Convention & Exhibition 
Center, China

Annual expo for the electronics industry based 
in Shenzhen 

ELEXCON 2017
Website: www.elexcon.com/elexcon/en

34th Chaos Communication 
Congress
December 27-30, 2017
Leipzig, Germany

Annual cybersecurity conference organised by 
the Chaos Computer Club

Website: https://events.ccc.de/

CES 2018
January 9-12, 2018 
Las Vegas, Nevada, USA 

World’s gathering place for those who thrive on 
the business of consumer technologies and where 
next-generation innovations are introduced to the 
marketplace 

Consumer Technology Association
Website: www.ces.tech 

NEPCON Japan
January 17-19, 2018 
Tokyo Big Sight, Japan

Asia’s leading exhibition for electronics design, 
R&D and manufacturing technology 

Reed Exhibitions Japan Ltd
Website: http://www.nepconjapan.jp/en/

Indiasoft 
January 24-25, 2018
Bengaluru

Exhibition and conference by Electronics and 
Computer Software Export Promotion Council 
(ESC) to showcase products and capabilities of 
Indian tier-II and tier-III software companies 

Website: www.indiasoft.org

Electronics West
February 6-8, 2018
Anaheim Convention Center, 
California, USA

North America’s largest annual design and 
manufacturing event 

Electronics West
Website: http://electronicswest.
designnews.com/

India Electronics Week
February 7-9, 2018
KTPO Convention Center, 
Bengaluru

With its 4 co-located shows—IoTshow.in, 
LEDasia.in, EFY Expo and EFY Conferences—
India Electronics Week acts as a one-stop-shop 
for technology enthusiasts 

EFY Enterprises Pvt Ltd 
E-mail: iew@efy.in 
Website: www.indiaelectronicsweek.com

Embedded World 2018
February 27-March 1, 2018 
Exhibition Centre, Nuremberg, 
Germany

Trade fair for IT security for electronic systems NürnbergMesse
Website: www.embedded-world.de/en 

2nd IoT India Expo
March 7-9, 2018
Pragati Maidan, New Delhi

Hands-on workshops on the Internet of Things 
(IoT) 

Website: www.iotindiaexpo.com/
konecthingz-workshop.aspx 

26th Convergence India 2018
March 7-9, 2018
Pragati Maidan, New Delhi

International exhibition and conference on digital 
convergence 

Website: www.convergenceindia.org

ELECRAMA
March 10-14, 2018 
India Expo Mart, Greater Noida, 
Uttar Pradesh 

Flagship showcase of the Indian electrical 
industry ecosystem and the largest congregation 
of power sector ecosystem in the geography; 
brings together the complete spectrum of 
solutions that powers the planet 

IEEMA
Website: http://elecrama.com,  
http://ieema.org 

AMPER 2018
March 20-23, 2018
BRNO, The Czech Republic

International trade fair of electrotechnics, 
electronics, automation, communication, lighting 
and security technologies 

Website: www.terinvest.com

CE China 2018
May 3-5, 2018
Shenzhen Convention & Exhibition 
Centre, China

International trade show for consumer 
electronics 

Website: www.cechina-ifa.com/en

IFA Berlin
Aug. 31-Sept. 5, 2018
Berlin Exhibition Center (Expo 
Center City), Germany 

International trade show for consumer 
electronics and home appliances 

Website: http://b2b.ifa-berlin.com

SEMICON Taiwan, 2018 
Taipei, Taiwan
September 12-14, 2018

Premier event in Taiwan for microelectronics 
manufacturing 

Website: www.semicontaiwan.org/en

Since this information is subject to change, all those interested are advised  
to ascertain the details from the organisers before making any commitment.

The new policy is likely to reconsider 
these schemes which have either 
ended or will expire soon. 

High GST may hit Make in 
India electronics goal
GST rates set for electronics could 
hurt Prime Minister Modi’s flagship 
Make In India initiative as the rates 
in some cases make it cheaper to 
import goods. The Manufacturers’ 
Association for Information Technol-
ogy (MAIT), the apex body represent-
ing India’s IT hardware sectors and 
certain manufacturers, has expressed 
concern over GST regime tax slabs 
for printers, monitors and data 
cables. For example, pre-assembled 
desktops are charged at 18 per cent 
but standalone monitors that are 
mostly manufactured in the country 
are charged at 28 per cent.

Speaking to Economic Times, An-
war Shirpurwala, executive director, 
MAIT, said, “All IT products should 
be in one slab. Desktop computers 
are imported into India at zero per 
cent and have been put at 18 per cent 
GST. If you compare it with a local 
company that manufactures a monitor 
or buys monitor and CPU locally to 
integrate and sell in India, there would 
be a clear difference of price. Govern-
ment should look into this anomaly.”

Shirpurwala added that consider-
ing the importance of IT in govern-
ment projects, it would be better if all 
IT goods, as described under the IT 
act, are subjected to 18 per cent GST. 
This would help local manufacturers 
build products and contribute to the 
cause of Digital India.

India, Canada partner for 
affordable healthcare
Unique Broadband Systems (UBS) of 
Canada and Kaynes Technology of 
India will be funded by the Global 
Innovation & Technology Alliance 
(GITA) of India and Global Affairs 
Canada for co-development and co-
marketing of high-power RF ampli-
fiers for low-field magnetic resonance 
imaging (MRI) applications. The 
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Snippets
BEL showcases capabilities at Defense & Security Exhibition, Thailand
Navratna defence PSU Bharat Electronics Ltd (BEL) showcased its capabilities at the 
Tri-Service Asian Defense & Security Exhibition, Conference and Networking Event 2017 
held in Thailand recently. The highlight of BEL’s product display was the upgraded L70 
Gun for the Indian Army.  

Wipro Lighting, Cisco collaborate on smart lighting 
LED lighting solutions provider Wipro Lighting has now become a Cisco Digital Building 
Solutions provider for connected lighting. The collaboration will enable Wipro Lighting to 
simplify convergence of its lighting solutions with building automation systems over IP without 
compromising lighting efficiency, maintenance, product life and security. 

Zicom bets big on IoT
Electronic security systems player Zicom is looking at significant growth in the Internet of 
Things (IoT) and SaaS marketplace to clock a service revenue of about ` 2 billion by 2020. 

TSSC and Udacity to jointly drive skill development
Telecom Sector Skill Council (TSSC) has partnered with Udacity India to complement skills 
imparted by the vocational system and provide better livelihood opportunities. Under the 
partnership, students will have access to Udacity Nanodegrees, which features curriculum 
built by Silicon Valley leaders and taught by expert instructors. 

Renesas sets up centre to foster NEV innovation
To develop semiconductor solutions for use in new energy vehicles (NEVs) for Chinese 
market, Renesas has established a New Energy Vehicle Solution Center directly under the 
China Business Unit. Its new centre will unify in a single business unit sales, marketing, 
design and development, and manufacturing functions for the Chinese market. 

project falls under affordable health-
care category of electronic system 
design and manufacturing (ESDM) 
programme. 

UBS will design high-power RF 
circuitry and signal processing elec-
tronics, while Kaynes will provide the 
packaging and manufacturing exper-
tise required for creation of high-per-
formance, high-reliability amplifiers, 
which will be used in both new and 
legacy MRI scanner installations. The 
project is expected to complete by 
early to mid 2019.

Sony aims India comeback via 
made in India smartphones
Sony India is planning to re-enter the 
crowded yet competitive smartphone 
market in India via locally made 
devices in partnership with the largest 
contract manufacturer in the world. 
The Japanese electronics major will 
make in India two models in the  
` 12,000 to ` 15,000 range—one of the 
fastest growing segments in the  
industry—through Foxconn’s India unit 
Rising Star Mobility, which has five 

plants in Sri City, Andhra Pradesh.
“Customer interest is exceedingly 

high in the smartphone category in 
India, particularly the mid-segment, 
and we would like to leverage this 
demand with the launch of our mid-
segment smartphones, exclusively for 
India,” said Kenichiro Hibi, manag-
ing director, Sony India.

Hero Electronix’ Tessolve 
acquires analogue business 
of AnalogSemi
Hero Electronix, a part of the $5 bil-
lion Hero Group, has acquired ana-
logue design business of Bengaluru-
based Analog Semiconductors. The 
acquisition was made through Tes-
solve, a Hero Electronix venture into 
engineering services. The acquisition 
adds to Tessolve’s analogue design 
services offering and strengthens its 
capabilities as an end-to-end provider 
of engineering services. 

Hero Electronix and its group com-
panies aim to build engineering-led 
businesses in technology and electron-
ics. Hero Electronix’ revenue at the end 

of FY 2017 stood at ` 6 billion, with 
Tessolve being a key contributor grow-
ing at 40 per cent year-on-year.

Google announces Mobile 
Developer Fest in India
In line with the objective to train two 
million developers in India on the 
latest mobile technologies, Google 
has announced Mobile Developer 
Fest (MDF)—a new campus initia-
tive to inspire thousands of young, 
aspiring technology developers to 
kickstart their skilling journey with 
affordable world-class skilling and 
education programmes in India.

The MDF is designed to be a day-
long event for computer science and 
engineering students, offering them 
an opportunity to attend tech sessions 
across multiple product areas like 
machine learning, Firebase, Android 
and progressive web apps. Students 
can also participate in hands-on code 
labs sessions, and learn directly from 
Google certified developers. 

Google will hold multiple MDFs 
in leading engineering colleges 
across twelve states in India. Stu-
dents can register their interest for 
the upcoming MDF near them on 
https://events.withgoogle.com/mdf.

NI showcases industrial 
trends at NIDays 2017
National Instruments (NI) successfully 
hosted the 14th edition of its annual 
conference on graphical system design 
NIDays recently. Held in Bengaluru, 
the event was attended by over 700 
engineers, scientists, and experts from 
the industry and academia, who dis-
cussed the trends, opportunities and 
challenges that will enable the future 
technology to grow faster. 

At the seminar, NI India discussed 
the next generation of LabVIEW 
software, LabVIEW NXG 1.0, which 
gets faster engineering insights with 
instant hardware discovery, integrated 
data analysis, and interactive data 
exploration tools. The attendees got 
to experience LabVIEW NXG 1.0 and 
LabVIEW 2017. 
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digitisation

“There are always new, grander 
challenges to confront, and a 
true winner will embrace each 

one”—this famous quote holds true for 
every corporate. Digital business models 
add significant value in the form of 
process agility, allowing business users 
to work in a fast-paced, collaborative 
environment where they can achieve 
more with less. However, with all these 
opportunities, digital technology also 
brings with it several challenges in the 
form of compliance and security. 

Corporate governance is a hot topic 
in boardrooms. With digital really open-
ing out an organisation’s ecosystem 
engagement with external stakeholders 
in the form of increasing social pres-
ence, its brand needs to be protected. 
Reputational, legal and security risks of 
the enterprise magnify in a digital world 
where enterprise information can be 
accessed anywhere and from multiple 
devices. While the strategy, internal 
audit, risk and quality groups have 
their stakes in monitoring and improv-
ing governance, the Board has an equal 
stake to put together a mechanism that 

proactively identifies and scrutinises un-
predicted risks. 

Globally, almost half a billion mobile 
devices and connections were added in 
2016. Smartphones led a large part of that 
growth followed by M2M modules. Over 
600 million application downloads are es-
timated to have taken place daily in 2016. 

Interestingly, Gartner had predicted 
in 2016 that the demand for enterprise 
application development will outstrip 
supply by five times. Citizen development 
(creating new business applications for 
consumption by others using development 
and runtime environments sanctioned 
by corporate IT) is poised to significantly 
grow in the next five years. What this 
means is that business users across de-
partments can develop their own applica-
tions using the infrastructure and environ-
ment sanctioned by IT. The introduction 
of agile development process, DevOps, 
service-oriented architecture, virtualisa-
tion and cloud, are all supporting the 
huge growth both in terms of volume and 
complexity in application development. 

According to some recent reports, 
majority of the CEOs (over 75 per cent) 
recognise that technology is going to be 
a major influencing factor to drive the fu-
ture of their organisation. It is probably as 
influential as market or economic factors. 

While digital technology adds im-
mense opportunities to create new 
business models and improve agility and 
customer engagement, it also brings with 
it several risks. While this is true for every 
organisation, the need for digital govern-
ance gets only more critical for companies 
that operate in a regulated market. Several 
enterprises are putting digital governance 
into their corporate agenda, which takes 
into consideration regulatory require-
ments, cybersecurity risks and implication 
on the brand reputation. 

The old ways of addressing corporate 

Strengthen Corporate 
GovernanCe With DiGital 

Srividya Kannan is 
founder and director 
of Avaali Solutions 
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digitisation

governance may not be entirely 
valid in the new order. Yet, 
placing too many restrictions 
to stay overly safe from a cor-
porate governance standpoint 
may not allow enterprises to 
fully leverage opportunities. 

Enterprises have adopted 
their own ways to manage 
corporate governance. These 
methodologies have typically 
been variants of a framework 
consisting of the following 
components: creation of a digi-
tal governance model, robust 
delivery structure and Board 
restructuring. 

Setting of a digital 
governance model
This involves creation of a flexible 
system to maintain accountability, 
roles and decision making for all 
the digital initiatives, taking into 
consideration regulatory, legal, 
compliance and market risks. Once 
in place, it forms the foundation 
of all digital initiatives that should 
conform to the stated governance 
model. It should be flexible for pro-
cess owners initiating such a change 
to understand the impact and also 
see the output in the form of adher-
ence to metrics in order to ensure 
compliance. For instance, in the case 
of posting online assets, this could 
include a set of bare minimum 
and non-negotiable guidelines that 
provide a direction based on which 
employees can act, thereby leading 
to greater process agility. 

Creating a governance 
delivery structure
Several enterprises have created a 
shared organisation to work with 
local units and deliver various 
digital initiatives. While this ensures 
adoption of the defined governance 
model, it also brings down the over-
all costs and redundant activities. 
The shared unit can bring in good 
practices and learnings from the 
various initiatives they execute from 

time to time. Some initiatives could 
be corporate wide and can be ex-
ecuted centrally. Think of the shared 
unit as a boutique specialist arm for 
the enterprise that can potentially 
also act as a strategic think-tank for 
new business models and innova-
tion across the enterprise. Such a 
shared unit model can also bring 
the required digital skills into the 
workplace and contribute to training 
and knowledge sharing. 

Several companies have cre-
ated roles of digital subject matter 
experts/chief digital officers, who 
spearhead the organisation’s digital 
priorities and are also responsible 
for execution of the governance 
model. They typically work with 
single points of contact (SPOCs) 
from the respective business unit, 
who acts as a liaison for that respec-
tive unit to interact with the chief 
digital officer and the shared unit.

Board restructuring 
Like Louis Gerstner once said, “The 
real mechanism for corporate gov-
ernance is the active involvement 
of the owners.” Over 95 per cent 
of corporate Boards across indus-
tries have no technology expertise. 
Many Board members recognise 
these deficiencies. 

In a 2015 survey by PwC, almost 

79 per cent of large company 
directors said that their Boards 
did not sufficiently understand 
technology. This represents 
a huge opportunity. Boards 
could be enriched with inde-
pendent directors who bring 
significant digital knowledge 
and experience and who can 
provide strategic direction 
to the Board from an overall 
digital strategy and corporate 
governance standpoint. They 
can no longer postpone this 
imperative. It would also 
be a good practice to open 
more than one Board seat 
for such expertise, as people 
with specialised experience 

across strategy and execution will 
add more flavour and value to the 
Board. Such a Board re-composition 
should be done hand in hand with 
changes in the management struc-
ture along the lines of the digital 
delivery structure.

Digital governance: Key to 
corporate success
Digital governance requires serious 
work to put a structure in place, 
whereby nothing is left to chance. 
Creation of a governance model and 
a robust delivery structure, includ-
ing an optimal Board composition, 
is the key to make this change 
happen. This needs to be combined 
with continuous review and fine-
tuning of the delivery and execution 
model to keep pace with changes. 

Like Jim Jones said in Business 
Day, “Corporate governance is not 
something that is put in place and 
then left. Ensuring its effectiveness 
depends on regular review, prefer-
ably regular independent review. 
And, in the end that comes down to 
the shareholders. Outside assessment 
and self-assessment need to be regu-
lar events.” Corporate governance in 
the context of digital requires its fair 
share of attention in driving overall 
growth in revenues and profitability 
for any enterprise.  
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terials has increased owing to technology 
advancements and the increase in demand 
from applications like photovoltaic, inte-
grated circuits, as well as PCBs for mobiles, 
laptops, computers, tablets, LED bulbs and 
others. Other factors driving market growth 
globally include strict environmental regula-
tions, increasing consumption of IC process 
chemicals, and rapid economic growth in 

emerging countries. The Indian 
market may be a significant con-
tributor to this growth, considering 
resurgence of the Indian electronics 
manufacturing industry.

Fifty per cent of the survey 
participants forecast that the Indian 
market for chemicals and materials 
used in electronics manufacturing 
will grow at a rate of up to 20 per 
cent. Twenty per cent of the sur-
vey participants predicted a higher 
growth rate between 20 and 30 per 
cent. The remaining 20 per cent 

Sudeshna Das 
is director at 
ComConnect 
Consulting 

A wide range of highly sophisticated 
chemicals and materials—solid, liquid 
and gaseous—is used at different stag-

es of electronic components’ and products’ 
manufacturing, starting from semiconductor 
and printed circuit board (PCB) fabrication to 
flat-panel displays, various stages of clean-
ing, chip packaging and product insulation. It 
follows that the demand for these chemicals 
and materials will increase with the growth in 
electronics manufacturing.

This report highlights the key demand and 
supply drivers, as well as challenges faced by 
companies in this sector. 

Opportunities galore
The increase in demand for electronic 
chemicals is related to the overall growth 
in the production of electronic devices, as 
well as innovations in technology. Accord-
ing to BCC Research, the global market for 
electronic chemicals is expected to reach US$ 
30.5 billion by 2020, growing annually at 5.9 
per cent from 2016 to 2020. Wafer fabrica-
tion segment had the highest revenue share 
in 2016 and is expected to maintain its lead 
throughout this period. Silicon wafers are 
the most common type of wafer fabrication 
material used globally.

The same report states that the global 
demand for electronic chemicals and ma-

ElEctronic chEmicals and 
matErials: The Indian Market Outlook 

Market Survey

The research team at ComConnect Consulting collated 
quantitative and qualitative information on the electronic 
chemicals markets as part of secondary research. The 
findings were then analysed and verified by industry 
members, either through exclusive interviews or in 
response to the survey questionnaire. We interacted with 
stakeholders across global and Indian companies. This 
sample group is a microcosmic representation of the 
electronic chemicals and materials industry ecosystem, 
comprising chemicals and materials suppliers for the 
electronics industry and users like component and 
PCB manufacturers (Fig. 1). These senior professionals 
shared their insights on the following aspects:
1.  Approximate year-on-year growth
2.  Market opportunities
3.  Demand-supply gap
4.  Products in demand
5.  Primary source of products (local production or  
     imports)
6.  Market challenges
A trend analysis was done on the basis of their inputs. 
Results of the analysis are presented here. 

Methodology

Chemicals and materials 
suppliers: 80 per cent
Electronic component 
manufacturers: 20 per cent

Fig. 1: Participants’ profile
Fig. 2: Expected growth rate of the Indian 
market for electronic chemicals and materials 

Up to 20 per cent — 50 per cent
20-30 per cent — 20 per cent
More than 30 per cent — 20 per cent
No answer — 10 per cent

10%
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expected an even more accelerated 
growth of over 30 per cent.

Market segments 
The materials used in electronics 
manufacturing are well-known 
high-purity chemicals such as 
photoresists, wet chemicals, acids, 
gases and solvents, as well as wa-

fers and laminates. 
Based on the types of products, 

the market can be divided into 
eight segments: silicon wafers, PCB 
laminates, photoresists, specialty 
gases, CMP slurries, wet chemicals, 
Low-K dielectrics and others (refer 
the table). 

Market demand
As stated earlier, silicon wafers con-
stitute the major chunk of the global 
electronic chemicals and materials 
market, and are widely used as base 
materials in semiconductors’ manu-
facturing. PCB laminates are widely 
used for PCB manufacturing. Low-K 
dielectrics are relatively recent appli-
cations of semiconductors and ICs, 
and therefore are expected to grow 
aggressively in the next five years 
across the globe.

The Indian market for electronic 
chemicals and materials does not fol-
low global trends. It is expected to be 
primarily driven by the demand for 
wet chemicals and PCB laminates. 
Environmentally-safe products will 
also be in demand. Survey partici-
pants predict a huge demand for wet 

chemicals. According to them, 
future growth will predomi-
nantly come from the follow-
ing top three demand generat-
ing categories (Fig. 3):

1. Wet chemicals
2. PCB laminates
3. Silicone chemicals
Moreover, there is a 

demand for plain PET and 
PP films, liquid and powder 
epoxy, TPCS and TCA wire.

Demand-supply gap
In India, the demand for electronic 
chemicals and materials is primar-
ily met through higher imports in 
the absence of significant local pro-
duction. Seventy per cent of survey 
participants cited demand-supply 
gap on account of inadequate local 
production (Fig. 4). Value addition 
by local manufacturers is quite 
limited, as most high-value and 
critical materials are still imported.

Sixty per cent survey par-
ticipants mentioned that imports 
are the main source of electronic 
chemicals and materials used 
in India. However, 20 per cent 
participants felt local production 
is adequate to meet the demand, 
while 10 per cent said that demand 
is met by both local production 
and imports (Fig. 5).

The local production ecosystem 
for electronic chemicals and ma-
terials is still not mature enough. 
Therefore, currently, local sourcing 
is primarily limited to:

1. Adhesives
2. Basic-level PCB cleaning and 

coating solutions

  Miniaturisation of electronic components and products has resulted in lesser use of 
chemicals

  Cost sensitivity of the markets
  Limited availability of high-quality products
  Limited scale of electronics manufacturing in the country
  High import costs
  Unfavourable tax and duty structures 
  Lack of quality logistics support or services, resulting in poor handling and wastage
  Inefficient supply chain 

Market challenges 

ChemiCals and materials 
Used in eleCtroniCs  

manUfaCtUring 
type application form

•	Silicon wafers
•	PCB laminates
•	Specialty gases
•	Photoresists
•	Wet chemicals
•	CMP slurries
•	Low-K dielectric
•	Others

•	Semiconductor 
packaging
•	Integrated circuits (IC) 

manufacturing
•	PCB manufacturing 

•	Solid
•	Liquid
•	Gaseous
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Wet chemicals: 80 per cent
PCB laminates: 70 per cent
Silicon wafers: 50 per cent

Yes: 70 per cent
No: 10 per cent
No answer: 20 per cent

Fig. 3: The top three demand generating 
categories of electronic chemicals

Fig. 4: Does a demand-supply gap exist in the 
market?

Fig. 5: Major sourcing channels for electronic 
chemicals and materials

Import: 60 per cent
Domestic market: 20 per cent
Both: 10 per cent
No answer: 10 per cent

10%
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3. Solder pastes
Silicone chemicals are imported 

in bulk. Advanced conformal coat-
ings are also imported as these are 
not manufactured locally. Accord-
ing to survey participants, there is 
a huge gap between demand and 
local supply in this category, and 
cost-effectiveness plays a big role 
in the market. Chinese and Korean 
products have captured a big market 
share. PCB chemicals and fluxes are 
also imported, as no manufacturing 
is done in the country. 

Polymers gaining importance
The electronics industry is undergo-
ing rapid transformation. The high-
paced adoption of smart devices 
and gadgets among millennials has 
warranted manufacturers to look 
at materials with utmost serious-
ness. Currently, the biggest trends 
in electronic gadgets are design for 
freedom and new look and feel. 
Gadgets have become thinner and 
smaller, and are now fused with 
properties that increase their lifecy-
cle/shelf-life.  

Properties like high flowabil-
ity, stiffness, good cosmetics, easy 
processing, flame retardancy and 
dimensional stability are in demand. 
According to industry experts, 
polymer composites can achieve 
unmatched levels of performance 
in strength, flexibility and aesthetic 
freedom. Thus, polymers provide 
limitless possibilities for industrial 
research, design and development in 
the electronics industry. 

The electronics industry is using 
tailored polycarbonate-based poly-
mer products that offer the strength 
of conventional materials at half the 
weight. This, in turn, facilitates in-
novative manufacturing techniques 
that allow design for freedom with-
out increasing the cost. One such 
example is notebooks and tablets, 
which use polycarbonate composites 
to achieve amazing reductions in 
manufacturing process and weight, 
bringing benefits of resource savings 
as well as convenience. 

Looking forward
The Indian market is characterised 
by the presence of several well-
established global, regional and 
local suppliers. Competition in the 
market is expected to intensify due 
to the expansion of product port-
folios and technological advances. 
Considering the growing importance 
of this market, a few global players 
have already set up production units 
in the country. This is expected to 
bridge the demand-supply gap to a 
certain extent. 

Given the huge domestic de-
mand for electronic components 
and products, development of the 
electronic chemicals and materials 
industry will also help the entire 
electronics manufacturing ecosys-
tem to achieve long-term sustain-
able growth in line with Make in 
India initiative. To develop a strong 
components industry, we first 
need to have a local ecosystem for 
raw materials.  

 Ajay Durrani, managing director, Covestro
 Anil Bali, vice president, Deki Electronics
 Biju Philip, managing partner, EMT India
 Biju Thomas, proprietor, Superior Flux & Mfg Co.
 Chetan Uchil, partner, Aalpha Conformal Coating
 Emmanuel David, manager, R&D, Speedofer Components
 Madhusudan M., director, SCH Coating Solutions
 P. Gujral, director, Drive Technology
 Rajaram M.P., regional sales manager, Henkel Adhesive Technologies
 Rushabh Solani, director, Prime Electrochem 
 Suresh P.M., director, Sysco Tech Systems (India) Pvt Ltd 

Major contributors to this report 
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test & measurement

anan V., senior application engineer, Megger 
(India), explained: “Let’s take the example 
of a power plant. It is full of equipment like 
transformers and motors. Field test equip-
ment are used to test all these devices. A 
transformer has a lot of testing areas—the 
oil, windings, bushing and so on. Separate 
products are required to test these different 
areas. There are insulation resistance testers 
and distance testers for checking the wind-
ing. Then there are cable testers, oil testers, 
and devices for measuring the primary and 
secondary current.”

India being a tropical country, a major 
focus is on humidity and air quality moni-
toring. Vimal Chhavda, sales manager, 
Testo India, informed, “Air quality moni-
tors and stack emission monitors are in 
high demand. Thermal imaging cameras 
are also finding a lot of field applications.” 
Aerospace, civil aviation, para-military 
forces and broadcasting industry use these 
instruments for network monitoring and 
optimisation.

Upgrade your setup
The rise of connected technology and 
interactive interfaces has reshaped the 
design protocol of field T&M equipment. 
Today’s portable test devices incorporate 
some of the latest technologies. Emphasis-
ing on these transformations, Parag said, 
“Instruments are becoming smart. Earlier, 
users had to manually note down the read-
ings while using these T&M instruments. 
Today’s instruments have storage and 
connectivity facilities to store, acquire and 
analyse the data—locally or remotely with 
the help of software. This data is used for 
analytics and reporting purposes.”

Going wireless with Bluetooth. The 
wireless era has driven the integration of 
Bluetooth chips onto T&M devices. Previ-
ously, to extract data from field test equip-
ment, users needed to connect them to a 
computer system with compatible cables. 

The Truly-Mobile New 
 Field TesT equipmenT 

Paromik 
Chakraborty is a 
technical journalist 
at EFY 

Anritsu 
MU9090

Used across industries for count-
less applications, field test 
equipment are compulsory tools 

in engineers’ arsenal. Handheld test 
equipment, in particular, are preferred 
for field applications owing to their port-
ability, ease of use and quick operation. 
To make the user experience better, 
manufacturers are taking a step forward 
towards improving their connectivity 
and ruggedisation.

Field testing across industries
Field test equipment find significant 
applications in industries like manufac-
turing, chemical, food, pharmaceuticals, 
automotive, and oil and gas to name a 
few. These devices are used to measure 
multiple characteristics like electrical, 
temperature, humidity and vibration. 
Each parameter requires a separate test 
equipment, making the list of these 
equipment quite exhaustive. 

In an attempt to narrow down this 
list to the most common T&M devices, 
we spoke to Parag Yelegaonkar, business 
development manager, Testo India. Par-
ag shared, “Some essential field testing 
equipment include multimeters, clamp 
meters, voltage testers, power analysers 
and harmonics analysers.”

Field test equipment are essential for 
large-scale applications as well. Naray-
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The software of test devices enabled 
data transfer from the device to the 
computer. Today, field engineers can 
wirelessly stream measurement data 
to their phone, tablet or computer 
system using Bluetooth. Anritsu 
MT1000A, Hioki CM4374 and Testo 
770-3 are among the equipment that 
sport Bluetooth facility.

Devices becoming cloud-connect-
ed. Field test devices can now be 
connected to a cloud server. Data col-
lected from the field can be pushed 
to the server and retrieved by any 
connected device at any time. 

Chhavda commented, “Previous-
ly, people needed PCs as an add-on 
with the T&M device to retrieve data 
from the device and generate re-
ports. Now the devices have become 
cloud-connected, and in the process 
smartphone-connected. This has 
reduced the time of report genera-
tion, improved ease of data storage 
and increased the overall efficiency 
of operation.” 

For example, the Fluke Connect 
range of T&M devices feature auto-
record and one-step transfer. So all 
the vital information is stored on 
the cloud, which can be accessed by 
any authorised team member. Quick 
analysis reports can be generated 
using TrendIt graphs.

Wherever data transfer and con-
nectivity is involved, data protec-
tion becomes an important point of 
consideration. Madhukar Tripathi, 
senior manager, Anritsu India, said, 
“Field testing instrument must have 
various interfaces for data transfer. 

Nowadays data is critical 
to decide the next action. 
Therefore field testing 
instruments must have 
provision for protected 
data transfer.”

Interactive interface. 
Touchscreens have found 
their way into handheld 
test equipment. Tripathi 
shared, “Due to the mas-
sive rise in the use of 
smartphones, all engi-

neers or technicians today are used 
to touchscreen display. Nowadays, 
display or control of many handheld 
instruments can even be seen on a 
mobile device or tablet.”

Manufacturers are improving the 
equipment software coupled with 
visual features like coloured display 
to further enhance the user interface.

Higher specs and combined 
functions. Field test equipment are 
improving in features, capacity and 
functionalities. Improved measure-
ment capability and storage, optimised 
software and many-in-one functional-
ity govern device upgrades. 

For instance, “Earlier, some com-
mon instruments like clamp meters 
used to have a measurement capacity 
of up to 1000A. Now it has been up-
graded to 2000A,” shared a spokes-
person from Hioki India. Talking 
about their own inventory of devices, 
he shared, “Our insulation tester has 
been upgraded with improved soft-
ware compatibility for data logging 
and reporting. Power quality analys-
ers have improved to accuracy level 
of 0.1 per cent.”

Test equipment are being made 
compatible for up to 400G testing 
capacity. Anritsu’s MT1100A harbours 
a dual-port 100G and 400G tester in a 
single unit.

Field engineers have to perform 
several tests, but carrying around 
separate instruments for different 
tests is a hassle. Keeping that in 
mind, manufacturers are designing 
equipment that are capable of multi-
ple tests. 

Insulation tester

test & measurement
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Clampmeter 

Anritsu claims its BTS 
Master to be a 21-in-1 instru-
ment that combines cable and 
antenna analyser, spectrum 
analyser, power meter and 
various other functions. 
Another instrument called 
Spectrum Master combines 
a spectrum analyser and an 
interference analyser together. 
MT9090A Network Master 
combines an optical time-
domain reflectometer and 
Ethernet tester.

Size reduction, improved 
material and more upgrades. 
Size optimisation is a focus 
area in device manufactur-
ing throughout industries 
and field T&M design is no 
different. With usage shifting more 
towards connected technology, desk-
top equipment are almost out of the 
scene. 

Chavda opined, “The volume of 
hardware is shrinking in devices. For 
instance, if you have a cloud-based 
system, you only need a local dis-
play—be it a smartphone or a tablet 
for field operations. Thus, display 
devices are reducing. As a result, 
instrument sizes are shrinking.”

Use of superior-quality material is 
enhancing the resilience of instru-
ments and making these compat-
ible for almost any harsh open 
field environment. Parag explained, 
“Major changes have come from the 
ergonomic side of the instrument. 
Ruggedness has improved due to the 
use of high-quality material. This de-
livers higher capacity for withstand-
ing shock, aberration and ultraviolet 
exposure. Testing quality has also 
improved. New features help users to 
perform measurements quite easily 
while saving time. Some of these 
features include improved parking 
mechanism, holding mechanism and 
display size.”

Market tips: What makes the 
right device?
When designing a T&M instrument 

for field use, manufactur-
ers should focus on mak-
ing the device user-friend-
ly. The lower the learning 
curve for the user, the 
more the acceptance of 
the device. 

Tripathi elucidated, 
“Often, field testing in-
struments are used by less 
skilled workers. Therefore 
these must be easy to use 
and come with online 
guidance for operation or 
troubleshooting. Moreo-
ver, field testing instru-
ments must have a simple 
user interface and single 
button facility. So engi-
neers or managers can 

program the instrument in such a 
way that the field team just needs to 
connect the instrument and push a 
single button to complete the meas-
urement.” 

Along with that, device specifi-
cations (frequency, dynamic range, 
resolution bandwidth, video band-
width and resolution) should meet 
majority of the business demands.

Light weight, long battery life 
and multiple display options are 
added advantages. The market is 
flooded with low-quality devices 
being sold at extremely low prices. 
These products have a short life and 
provide inaccurate readings, which 
can result in injuries for users as 
well as business losses. 

Parag shared his concerns: 
“Electrical testing equipment require 
certain levels of safety. Certain in-
struments from China are being sold 
in the market at prices as low as ` 
1200. These are not reliable and also 
do not meet safety criteria. Products 
from European manufacturers or 
Indian companies with foreign col-
laborations, on the other hand, usu-
ally comply with safety standards.” 
Therefore it is imperative for buyers 
to examine the safety specifications 
and authenticity of devices under 
consideration.  

test & measurement
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Multifunction meter
MECO-G has introduced R-27A mul-
tifunction network instrument that 
can measure more than 50 electrical 

parameters 
in electri-
cal circuits. 
Readings are 
displayed on 
a 7-segment 
bright red LED 
display in five 

rows. The meter has 2-channel electri-
cal energy pulse outputs, 4-channel 
switching value inputs and RS485 
communication output with Modbus 
protocol. Four-channel switching 
value outputs or 4-channel transmit-
ting outputs are also available.

The meter operates off 85-264V 
AC/DC auxiliary supply, and comes 
in 96x96mm2 size. It is ideal for 
panel builders and power monitoring 
systems.

Goliya Instruments 
www.goliyainstruments.com

Function/arbitrary waveform 
generators 
Siglent’s SDG6000X series dual-
channel pulse/arbitrary waveform 
generators feature up to 500MHz 
bandwidth, a maximum sample rate 
of 2.4GSa/s and 16-bit vertical resolu-
tion. These also include proprietary 
TrueArb and EasyPulse technologies 
that help to solve the weaknesses 

inherent in traditional DDS genera-
tors when generating arbitrary, square 
and pulse waveforms. In addition, the 
SDG6000X is a multi-function device 
that can generate noise, IQ signals and 
PRBS patterns. 

Siglent Technologies
www.siglent.com/ens

PXI chassis for test systems  
National Instruments (NI) claims its 
PXIe-1095 to be the industry’s first PXI 
chassis with 58W of dedicated power 
and cooling per slot. This represents 
a 50 per cent increase in power and 
cooling per slot compared to previ-
ously released NI PXI Express chassis. 

The new chassis also emits signifi-
cantly less fan noise in its 38W cool-
ing profile mode, delivering a 13dB 
improvement. In addition, it offers 
two hot-swappable, redundant 1200W 
power supplies for high-availability 
applications.

National Instruments
www.ni.com

WLAN device test software
Anritsu’s WLAN security func-
tion MX886200A-020 software for 
MT8862A supports evaluations of 
WLAN devices for the rapidly growing 
Internet of Things (IoT) market. Wire-
less connectivity test set MT8862A 
uses ‘network mode’ measurement 
function to execute tests while the 
WLAN device is actually operating. 

Adding this new security function 
supports evaluation while the built-in 
security of the WLAN device is ‘on.’

Anritsu India
Anritsu.com

Components
SMD fuse
SCHURTER’s USN1206 temperature-
sensitive SMD fuse is suitable for both 
overcurrent protection 
and protection 
against exces-
sive ambient 
temperatures. It 
requires a current flow to blow, thus 
providing protection against overcur-
rent just as well as any conventional 
fuse. In addition, it protects power 
semiconductors in automotive ap-
plications against overtemperature. 
The fuse has a current-time charac-
teristic that shifts as a function of 
the ambient temperature. The fuse is 
reflowable at 245°C according to IEC 
60068-2-58.

SCHURTER Electronics (India)
www.SCHURTER.co.in 

Transceivers 
Industrial designers can now achieve 
two times faster data rates and extend 
cable length by up to 50 per cent with 
new RS-485 transceivers from Maxim 
Integrated Products. The MAX22500E/

Make in india

New Products
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MAX22501E (half-duplex) and 
MAX22502E (full-duplex) ESD-protect-
ed RS-485/RS-422 transceivers extend 
the reach of communication up to 
100Mbps over 50m. A large receiver 
hysteresis (250mV) provides superior 
robustness to EFT. The transceivers 
operate over -40ºC to +125ºC tem-
perature range. 

Maxim Integrated Products
www.maximintegrated.com

Switching regulator
ROHM has introduced a new power 
supply chip for electric vehicles. The 
BD9V100MUF-C is a 2MHz switching 

regulator with built-in MOSFET, use-
ful for 48V automotive systems such 
as mild hybrid vehicles. It uses an 
ultra-fast switching technology called 
Nano Pulse Control to achieve a very 
high step-down ratio (60V:2.5V) at a 
constant frequency of 2MHz.

ROHM Semiconductor India
www.rohm.com/web/in

Wireless charging chip
STMicroelectronics has introduced 
a new wireless charging chip that 
enables smartphones and tablets to be 
charged up to three times faster by 

increasing the 
maximum 
charging 

power from 
5W to 15W. 

According to 
the company, the STWBC-EP is the 
world’s first charging controller to 
support the latest industry standard 
(Qi Extended Power) for faster charg-
ing of smartphones and tablets. The 
chip consumes just 16mW in standby 
mode and wirelessly transfers more 

than 80 per cent of the total input 
power.

STMicroelectronics
www.st.com

Voltage regulator
Infineon Technologies AG has 
launched the IRPS5401, a five-output 
point-of-load (POL) digital voltage 
regulator for FP-
GAs, ASICs and 
other multi-
rail power 
systems. The 
IRPS5401 replaces multiple regula-
tors with a single device in a compact 
7x7mm2 56-pin QFN package. It is a 
perfect fit for current and future appli-
cations in high-density ASICs and FP-
GAs. Additional applications include 
CPU multi-rail systems, embedded 
computing systems, and communica-
tion and storage systems.

Infineon Technologies AG
www.infineon.com/irps5401

AC capacitors 
CSDiN’s MKP and MPB series of 
film capacitors are suitable for 
AC applications. These are avail-
able for rated voltages of 250Vrms, 
275Vrms, 330Vrms and 440Vrms, and 
cover capacitance range of 0.01 to 
70 micro-farads. The capacitors find 
application in energy meters, mo-
tor controls, power equipment and 
welding equipment.

Shenzhen CSD Electronics
csdin.india@rediffmail.com

8-bit Microcontrollers
Microchip has expanded its PIC18 
product line with the addition of 8-bit 
K83 microcontrollers (MCUs) that 

combine a controller area 
network (CAN) bus with 
an extensive array of 

core independ-
ent peripher-
als (CIPs). A 

key advantage of using a K83 MCU 
in CAN-based systems is that CIPs 
provide deterministic response to 
real-time events, shorten design 
time and can be easily configured 
through the MPLAB Code Configura-
tor (MCC) tool. The new family is 
ideal for applications using CAN in 
the medical, industrial and automotive 
markets, such as motorised surgi-
cal tables, asset tracking, ultrasound 
machines, automated conveyors and 
automotive accessories.

Microchip 
www.microchip.com/k83.

Diode 
Littelfuse, Inc. has introduced 
AEC-Q101-qualified TVS diodes to 
protect sensi-
tive automotive 
circuitry from 
damaging surges 
and electrostatic 
discharges. Com-
bining up to 600 
watts of peak pulse power dissipation 
with fast response, the TPSMB series 
automotive TVS diodes offer circuit 
designers a high-voltage, single-
component circuit protection solution. 
With a standoff voltage range of 10V 
to 550V for both unidirectional and 
bidirectional forms, the series is ideal 
for protection of I/O interfaces, Vcc 
bus and other vulnerable circuits.

Littelfuse, Inc. 
www.Littelfuse.com.

Microcontrollers
Renesas Electronics Corporation has 
expanded its RX65N/RX651 lineup 
with the addition of MCUs featur-
ing integrated Trusted Secure IP, and 
enhanced flash protection and human-
machine interface (HMI) for indus-
trial and network control systems. 
The expanded RX65N/RX651 devices 
create a secure and stable integrated 
solution, as proven by the Crypto-
graphic Algorithm Validation (CAVP) 
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certification. In turn, these security 
advancements enable seamless flash 
firmware updates in the field through 
secure network communications

Renesas Electronics Singapore
www.renesas.com

IoT module
Gemalto’s LTE Cat M1 I oT module 
with very low power consumption will 
expand the use of cellular connec-
tions in applications such as security 
systems, points-of-sale, vending and 
eHealth solutions. The Cinterion IoT 
module is compatible with Gemalto’s 
embedded SIM (eSIM). In addition, it 
supports remote device updates and 
quality-of-service management over 
the lifetime of the device. The module 
enables wake-up times that are 15 
times faster than traditional solutions. 
This preserves power and improves 
responsiveness, which are essential 
for power-sensitive, battery-operated 
IoT applications. 

Gemalto
www.gemalto.com

mIsCeLLaneous
500kVA UPS 
Delta Electronics has launched its 
500kVA Modulon DPH series unin-

terruptible power 
supply (UPS). This 
online double-
conversion UPS is 
claimed to have 
the world’s high-
est power density 
of 55.6kVA per 3U 
module. Thanks to 
its modular design, 
the UPS enables 
advanced control 
of power module 

redundancy as well as the ability to 
add capacity and pay-as-you-grow 
scalability.

Delta Electronics
www.deltapowersolutions.com

ID card printers
Digital Factors FZCO has launched DF 
series card printers (DF150, DF350 and 
DF350LM) that can handle enterprise-

level demands while still being easy-to-
use and affordable. These can print up 
to 220 full-colour, one-sided cards per 
hour or up to 165 two-sided cards per 
hour. The modular design allows users 
to add field-upgradable features and 
encoding technologies to satisfy their 
unique printing needs.

Digital Factors
www.dfsme.ae

5G Library for 3GPP radio
MathWorks has introduced a 5G Library 
aimed at supporting wireless design 
exploration in advance of the initial 
3GPP 5G standard specification release 

in March 2018. The 5G Library pro-
vides functions and link-level reference 
designs that help wireless engineers 
explore the behaviour and performance 
of 3GPP new radio technologies. With 
the 5G Library, wireless engineers can 
conduct simulations to evaluate 5G 
enabling technologies and their impact 
on overall 5G system design.

MathWorks
mathworks.com

Ultrasonic PCB cleaner system
LeelaSonic has developed an ultra-
sonic cleaner for successful cleaning 

of through-hole or SMD PCBs. No 
more hand and mechanical brush-
ing is needed to remove oxides from 
printed circuits.  

Collapse or implode of cavities 
releases tremendous energy and pro-
duces an intense scrubbing action on 
the PCBs immersed in the liquid. The 
scrubbing action created by cavitation 
dislodges particulates matter from the 
PCB surface. It 
is literally like 
having mil-
lions of micro-
scopic bombs 
going off. The 
concussion of 
these bombs 
blasts flux particles loose from the PCB, 
but without harming its surface. 

 Leela Electronics 
www.leelaelectronics.in

Video IP desk phone
Matrix has unveiled Sparsh VP710 smart 
IP deskphone. With a 17.8cm (7-inch) 
touch adjustable screen, the deskphone 
is designed to bring seamless video call-
ing experience with a dash of Android 
experience. It is equipped with full-
duplex handsfree HD speaker, HD video 

calling, Internet connectivity, multime-
dia apps, multilingual user interface, 
caller ID, Android File Manager, e-mail, 
calendar, camera, gallery, recorder, 
calculator, browser, message, call man-
agement features, voicemail, directory 
integration, direct dialing and status 
indication, in line with smartphones, 
tablets and laptops. 

Matrix 
www.matrixtelesol.com 
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“There Is An Ongoing Requirement 
For HigHer-Performance 
Power SyStem” 
All electronic products have power management systems, designing which 
is a common challenge faced by designers. Recently, Vicor initiated a 
global survey to understand various aspects of power system design. To 
understand the survey findings, Rahul Chopra and Sneha Ambastha from 
EFY spoke to Andy Gales, vice president, Vicor. Excerpts follow: 

Design

Andy GAles 
vice president,  
vicor 

Q. do you see indian companies 
taking leadership role in power 
supply design?

A. I think it’s already happen-
ing and ‘Make in India’ is the pri-
mary example. You have a wide 
range of engineers in India. Previ-
ously, countries like India used to 
procure power supplies from the 
US and Europe. However, now 
they have started designing solu-
tions here themselves.

Q. How important is power  
supply design in the overall  
product design cycle?

A. Power supply design is one 
of the goals but there are other 
associated tasks too. We found 
that engineers are commonly 
multitasking, so often they have 
more than one power project on 
the go at a time. Thus, they are 
not just designing one solution 
but may be several, for multiple 
customers. We also found that 
design engineers are commonly 
required to develop other parts 
of the product, sometimes even 
the software for a new user 
interface. As a result, very often 
in these companies, the team 
building power supplies may not 
be expert. 

In such cases, modular solu-
tions can help them deliver better 
performance. They don’t need to 
understand details like switch-
ing topologies used inside the 
black box. They can trust the 
datasheets and rely on the power 
components to get the perfor-
mance they require.

Q. How can design engineers 
achieve higher-performance  
solutions?

A. There is an ongoing 
requirement for higher-perfor-
mance power systems. Achiev-
ing high performance from a 
few resistors, capacitors and 
FETS can be a struggle without 
the right expertise. However, if 
you base the design on power 
components, which are already 
optimised for size or efficiency, 
you can plug these into a circuit 
board and quickly provide a 
solution that is close enough 
to meet the desired product 
specifications.

Q. What are the common chal-
lenges in design engineering?

A. Education. We need to 
educate engineers to understand 
the issues faced in using these 

components, whether it’s meet-
ing EMI/transient input specifica-
tions or managing heat. Having 
the right knowledge is critical 
for success. 

At Vicor, we offer a design 
review for the common problems 
that we have seen in the past for 
power applications. So from the 
design point of view, we make 
sure that the customer ends up 
with a solution that stands the 
test of time.

Q. What resources are available 
to help design engineers?

A. Making engineers aware of 
the best practices and the tools 
available will help them to get 
their solution right first time. 
At Vicor, we have a number of 
design resources on our web-
site, including our power system 
designer that helps optimise solu-
tions for size, efficiency or cost. 
The website also has simulators 
and whiteboards for estimating 
the final system performance 
before you prototype, as well 
as application notes that cover 
common issues. We also host 
seminars and webinars to help 
engineers understand our tech-
nology better.  
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 IBM Watson ranks the various identified treatment options 
on the basis of their outcomes and similar use cases to make 
the recommendation 

How Manipal Hospitals Are 
leveraging ai To Cure CanCer 

In August 2015, when the world 
was still contemplating the 
possible uses of artificial intel-

ligence (AI), a team at Manipal 
Hospitals collaborated with IBM 
to bring about a breakthrough in 
cancer healthcare by implementing 
IBM Watson. 

IBM Watson is a cognitive com-
puting platform that has been taught 

by Memorial Sloan-Kettering, New 
York, USA. It analyses the patient 
data to give information on the 
possible treatment options, helping 
oncologists to treat cases of breast, 
colorectal and lung cancer with 
greater accuracy.

There have been extensive ef-
forts around the globe to constantly 
evolve cancer research for better 

results. This also puts doctors under 
a lot of pressure to keep abreast 
with the latest findings and treat-
ment methods while maintaining 
a huge amount of existing data 
and knowledge.

“IBM Watson plays a crucial role 
here. It ranks the various identi-
fied treatment options on the basis 
of their outcomes and similar use 
cases, and also provides links con-
firming evidence for each option. 
That helps oncologists to make the 
best choice to cure the case in hand. 
Watson for Oncology constantly 
learns from a very reliable and 
regularly updated repository of in-
formation—till date, more than 300 
medical journals, 200 textbooks and 
over 15 million pages of text.”

“Watson for Oncology also 
delivers, for doctors’ consideration 
while treating a patient, related 
analysis in the form of administra-
tion information, as well as informa-
tion regarding the different available 
drugs. Its cognitive learning ability 
lets it evolve all the time, so that 
the concerned doctors have access 
to peer reviewed studies, clinical 
guidelines and expert perspectives,” 
explains Venitha, managing director, 
IBM India. 

Since the last one-and-a-half 
years, there has been an upsurge in 
the number of cases that have been 
successfully dealt with by doctors. 
Initially there was hesitation, but 
doctors are now willingly benefit-
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ting from their ‘intelligent virtual 
assistant.’ 

Before implementing Watson 
to regular use, a pilot project of 
six months was undertaken to test 
its worthiness for the treatment. 
Of the 200 test cases, only six per 
cent were found to be non-con-
forming, that is, the cases in which 
doctors’ recommendation was dif-
ferent from Watson’s.

“Watson continuously learns 
from the information shared on 
cases coming to the hospital—
both related to data and doctors’ 
consultation. It has an amazing ar-
tificial conscience,” shares Venitha.

As a patient’s case is brought 
to a doctor, while Watson analyses 
the patient’s data and case history, 
the doctor provides the consulta-
tion and moral support. The final 
treatment is started with recom-
mendations from both the doctor 
and Watson collaboratively.

The biggest concerns are about 
the safety of patients’ informa-
tion shared with IBM’s platform 
and validity of treatments recom-
mended.

While the government is yet to 
come up with a policy on safety, 
Manipal Hospitals maintains that 
they are using IBM’s supercomput-
ing and cloud services for analy-
ses. The patient’s record is owned 
by the hospital itself.

IBM Watson has been imple-
mented as a monthly service struc-
tured and supported by the IBM 
cloud. To update Watson, two IBM 
employees have been stationed at 
the hospital. The maintenance of 
Watson is part of the contract and 
taken care of by IBM.

Artificial intelligence technol-
ogy is all set to transform health-
care. IBM is one of the leaders, 
with most advanced system capa-
bilities. Also, having a counter-
intuitive resource base in the US 
brings about greater trust. Not 
just IBM but Manipal Hospitals 
is also seeking to expand the use 

of technology directly to patients 
across geographies, in order to en-
able better health care.  

—Nidhi Arora, executive editor, EFY

Business 
Opportunities 
For DNA 
Testing Kits 

 Cost to start the business is 
relatively low and return 
margins are huge 

The market for genome data 
testing is disrupting globally. 
The direct-to-consumer ge-

nome testing market is expected to 
be worth 340 million USD by 2020, 
growing annually at 25 per cent—
according to the latest findings by 
Credence Research.

DNA testing kits are used to 
conduct all kinds of DNA tests 
on plants or humans. The de-
mand for these kits has increased 
manyfold in the recent decade 
due to commercialisation of DNA 
testing for humans and use of 
the results for various health and 
lifestyle benefits.

Dr Saleem Mohammed of XCode 
(DNA testing kits provider for both 
consumer and clinical genomic 
applications) shares, “India is 
increasingly becoming a genom-
ics hub due to low-cost testing as 
well as availability of skilled IT 
resources. Core investments for 
DNA testing kits business go into 
people, R&D on machine learning, 
AI and automation.”

India is playing a significant 
role in the growth of DNA test-
ing kits business globally. Various 
companies in the west (America, 
Canada and Germany primarily) 
are looking for partners to of-
fer various kinds of DNA kits in 
India. With companies like Qaigen 
(Germany-headquartered DNA kits 
provider) setting up offices in India, 
manufacturing in the segment is 
also slowly picking up.

Dipender Singh of Royal Life 
Sciences, Indian partner for MIDI 
Sherlock USA, a company with cli-
ents across the globe, informed that 
the demand of their products had 
increased about ten times in India 
in the last seven years. Almost 30 
per cent of their clients are from 
other countries as well.

Conventionally, DNA test-
ing kits were used by labs and 
research centres to diagnose the 
DNA sequence for research and 
forensic purposes. However, with 
23andMe (funded by Google) and 
Ancestry (offshoot of National 
Geographic) leading the R&D of 
DNA testing, companies around 
the world are working towards 
making DNA testing kits available 
to the masses. The US Food and 
Drug Administration (USFDA) has 
approved DNA tests by 23andMe 
to predict the risk of developing 
Parkinson’s disease. With such 
strong organisations in the front, 
DNA testing kits is today one of 
the most lucrative business oppor-
tunities for investment.

Direct-to-consumer DNA testing 
kits have become common, subject 
to the development and investment 
in the business of bio-technology. 
Commercialisation of genome test-
ing has attracted the attention of a 
lot of enterprises, research institu-
tions and government bodies to 
the segment. Some of the market 
players in India include DNA Labs 
India, Map My Genome, Thermo 
Fisher, MedGenome, XCode and 
Indian Biosciences.
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Business segmentation
Those willing to enter the market 
can either start as an independent 
Indian brand provider or serve as In-
dian partner of a foreign brand.

The Indian providers set up 
their own brand and independent 
company. Such companies may 
also invest in research. These either 
manufacture their own kits or, as 
in most cases, import in bulk from 
China and sell in India under their 
own brand name.

Indian partners of a foreign 
brand take exclusive partnership 
rights to sell DNA testing kits of 
established brands from the west. 
They focus on sales. Research 
and manufacturing is taken care 
of by the parent company. Such 
businesses offer high returns on 
low investment.

Whether you choose to create 
your own brand or partner with a 
foreign brand, you’ll require channel 
partners across business services to 
help in research and interpretation 
of results.

How to get started?
A minimum of three million rupees 
(can go much higher depending on 
the business plan) is required to set 
up a DNA testing kits business. The 
investment amount includes the 
costs for infrastructure establish-
ment, IT and automation. It takes 
3-5 years to break even depending 
upon the competition in market and 

your business identity as an Indian 
brand importing DNA kits from 
China or the subsidiary of a western 
counterpart. Currently, direct-to-
consumer kits start at around ` 2000 
and cost as much as ` 200,000 for 
specific tests.

A major capital investment is 
required to set a corporate facil-
ity and getting trained manpower 
on board. Another major require-
ment is a profitable marketing and 
distribution channel powered by 
the right logistics. Companies like 
Quick source DNA use LED light-
ing solutions from Philips to save 
power costs. XCode uses artifi-
cial intelligence solutions offered 
by Amazon.

DNA testing kit providers need 
to conform to various ISO qual-
ity standards. While organisations 
seeking to assure responsible 
environment management system 
should get ISO 14000 certified, 
some also oblige to ISO 9001 to as-
sure high-quality practices. Compa-
nies that provide a complete solu-
tion with their own DNA testing 
laboratories need to be ISO 17025 
certified. For companies providing 
DNA kits commercially, the formal 
guidelines aren’t yet clear. For other 
research, some healthcare catego-
ries and forensics, specific guide-
lines prescribed by the concerned 
agencies need to be followed.

The DNA testing kits market is 
huge and highly untapped. Thus 

there is scope for enormous growth. 
Cost to start the business is rela-
tively low and return margins are 
huge. A DNA kit costing ` 100 to a 
dealer might be sold in the market 
at a price of ` 1000,” says S. Balaji 
of Geneagic Testing Kits.

Diagnostic labs are aggressively 
looking for suppliers of human 
DNA testing kits since the demand 
for direct-to-consumer business 
is growing exponentially, says a 
spokesperson from Dr Lal Path-
Labs. They have tied up with Map 
My Genome to source their DNA 
testing kits and further sell these to 
their channel partners. 

Western parent companies 
(especially from USA and Europe) 
expect their Indian partners to 
set up a basic facility running on 
energy saving resources like solar 
panels and LEDs because they 
believe in responsible business 
management.

Profitability is ambiguous since 
the business territory is new. Also, 
the path to reach the untapped 
end consumers isn’t yet defined. 
The sole source being relied upon 
is the Internet. There is intense 
pressure on the firms to conform 
to regulatory requirements. Also, 
the standardisation process is 
highly dubious.

DNA testing business is all 
about utilising biotechnology to 
analyse people’s DNA sequence for 
interpretations related to ancestry, 
identifying health related risk fac-
tors and learning about individual 
physical body characteristics. Cur-
rently, the results are being har-
nessed by health, sports, beauty 
and lifestyle industry segments. 
The Internet of Things (IoT) and 
artificial intelligence are contribut-
ing significantly in the collection 
and analysis process. 

Pro Gen Bio Lab: A Business 
Case
Pro Gen Bio Lab is a B2B com-
pany providing DNA testing kits of 

How DNA TesTiNg is impAcTiNg Lives:  
A coNsumer cAse sTuDy

consumer problem The solution results

Sunita Reddy, a teacher from 
Hyderabad, was suffering from 
obesity for almost 15 years. She 
had undergone treatments under 
various health experts, including 
cosmetic surgeries to get rid 
of the excess fat, but all efforts 
failed. She was constantly looking 
for a viable solution to her health 
problem.

Following the advice of a friend 
in the US, she tried testing her 
DNA with one of the kits from 
a leading lab in India to know 
about the possible causes of 
obesity stored in her DNA. She 
sent her saliva in the manner 
prescribed in the kit for investi-
gation to the lab. 

She was amazed with the re-
sults. The results showed how 
obesity was a result of her 
gene sequencing. Post-result 
counselling helped her to un-
derstand the changes required 
to be made in her lifestyle 
(dietary and exercise) to lose 
the excess body weight.
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various brands from Germany and 
the USA in India. It serves as an 
exclusive partner for these brands 
to sell their products in India. The 
company sells DNA kits in neigh-
bouring countries like Sri Lanka 
and Bangladesh, too. The kits, 
claims the company, match the in-
ternational ISO quality standards.

The company has shown posi-
tive signs of growth since the last 
decade. “The demand of our prod-
ucts, especially DNA isolation kits, 
has increased due to the vested 
commercial interest of the diag-
nostic labs. We are now thinking 
to set up our own manufacturing 
plant. The machine and equipment 
investment for the same is around 
50 million Indian rupees. We plan 
to recover our investment within 
the first four years, keeping in view 
the pace at which our business is 
expanding,” says Ritesh, founder of 
Pro Gen Bio Labs. 

“The avenues and demand of 
DNA testing kits are increasing 
with each passing year. Being an 
Indian company also gives us the 
power to leverage opportunities in 
the Asia Pacific region and the rest 
of the world,” explains Ritesh.

Most of the companies selling 
DNA testing kits in India are sub-
sidiaries of their western counter-
parts. They need to embed efficient 
technology processes at the core of 
their business strategy. 

“With coherent technol-
ogy enablers like automation and 
IoT, my business efficiency has 
increased almost ten-fold,” in-
forms Pranav Mishra of Genetic 
Biotech. “We utilise Syska LED 
solutions for our enterprise. This 
has saved us about 40 per cent of 
our annual power expenses. Our 
genetic modelling and interpreta-
tion is enabled by Amazon’s AWS 
Artificial Intelligence.”

The market for DNA testing kits 
is quite young and very dynamic. 
It needs greater support, clearer 
guidelines and better standardisa-

tion from the regulatory authorities.
Abdur, co-founder of XCode 

India, shares, “DNA testing kits are 
in demand by clinics, nutritionists, 
physicians and other healthcare 
professionals as well. Personalised 
recommendations in these domains 
based on genetic know-how is 
an added advantage. We provide 
continuous training programmes 
to our business partners so that 
they are aware of the latest in 
genetic science.”

The market environment for 
DNA testing kits is changing at a 
very fast pace. Those who invest in 
this business are likely to gain ad-
vantage from the initial momentum 
upsurge. 

—Nidhi Arora, executive editor, EFY

 Businesses can save big 
money by handing over the 
switching control of their 
appliances to smart plugs 

6A and 16A, smart plugs can be 
useful in an amazingly large number 
of applications. 

Smart plugs find an interesting 
use case in the form of billboards 
and signage control. Parth Bhatt, 
application engineer, Energy Bots, 
shared applications of their ePlug: 
“Brands often find their signage 
boards turned off. One of our 
customers is using ePlug to moni-
tor whether the retail stores where 
they have advertised their board are 
turning it on in time or not. They 
are using it to remotely control and 
automate the lighting schedule of 
their boards.” 

Betty, a smart plug made by 
Beyond Evolution, is also finding 
similar uses. Enterprises are using 
it to turn on the billboards during 
evening and turn these off at dawn.

Cold storage and retail store 
owners can make great use of smart 
plugs. Saurabh Sharma, founder of 
Beyond Evolution, shared that gro-
cery retail store owners use Betty to 
manage chillers that store their fresh 
food, milk products and so on. The 
smart plug allows them to automati-
cally or remotely turn chillers on 
and off, and track the power con-
sumption data to keep an eye on the 
performance and energy expenses.

Be it a bank, a jewellery shop or 
an office, smart plugs and switches 
can be customised for security 
notifications and alerts. One such 
example is Smarteefi. Bipin Gahlaut, 
founder, CoreEmbedded Technolo-
gies, shared, “A lot of jewellers are 
purchasing our Smarteefi smart strip 
system. They are using it for secu-
rity purposes alongside automating 
their lighting appliances.”

Sharma explained, “The security 
sensors we provide with Betty are 
used by many customers to receive 
alerts in case there is any unexpect-
ed intrusion in their homes while 
they are away. They are also using 
the same for their offices on holi-
days and after work hours.”

Smart plug can help to ensure 

Interesting 
Ways Smart 
Plugs Improve 
Your Business

The benefits of smart plugs, 
smart switches and power 
strips for businesses are 

aplenty. Capable of saving 20 to 30 
per cent of energy consumption by 
controlling electrical appliances, 
these devices have become regular 
favourites in many offices. However, 
their usefulness expands beyond the 
realm of energy savings. Commonly 
found in current ratings between 
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Ease Of Use, 
Scalability And 
Non-Destructive 
Installation Are 
Key Benefits 
Of Wireless 
lighting 

 Smart lighting technology is 
all set to evolve power usage 
patterns. Complete control 
on power usage will lead to 
mass savings for commercial 
organisations in the near future. 
Nidhi Arora, executive editor, 
EFY magazine, talks to Ripu 
Daman Sharma, country sales 
manager for Lutron Electronics, 
about how smart lighting will 
lead towards building smart 
organisations, smart homes and 
thereby a smarter nation 

that router is not running while the 
office is closed. Bhatt shared, “One 
of our customers is using ePlug to 
turn off their Wi-Fi routers every 
night after 11pm. He is using it both 
at his office and home. It has also 
greatly helped him to restrict his 
children’s access to the Internet 
after a certain time of the day.”

Smart switches are also being 
used in data-critical environments 
like data centres and banks. “Many 
IT companies are using Smarteefi to 
automate their data centre sched-
ules. These applications are not 
just time-based functions but rather 
operations based on real-time situ-
ations. For instance, they are using 
smart systems to turn off certain 
units when the load is less and 
turn them back on when the load 
increases,” Gahlaut shared. 

Smart switch customisations are 
enabling banks to manage their sys-
tems while complying with their se-
curity policies. Gahlaut mentioned, 
“We customise our smart appliances 
in such a way that the banks can 
control their systems without having 
to connect to the Internet. For secu-
rity purposes, they need to connect 
their system to their intranet only.”

Keeping in mind the limitation of 
16A current capacity, industries are 
using smart plugs to automate some 
of their machines. Sharma shared, 
“There are customers from specific 

industrial and manufacturing units 
who wish to automatically turn off 
their machines at predetermined 
time intervals. Betty is being put 
to such uses as well, keeping the 
power capacities in mind.”

Gahlaut explained with an 
example, “Suppose you are a phone 
manufacturer and you have to 
perform 50 test cases of switching 
on and off the phone under test. 
You can schedule these 50 test cases 
by connecting your test instrument 
with the smart appliance instead of 
directly controlling from the power 
input. Once the tests are done, the 
testing instrument will automatically 
be turned off.”

Smart plugs can be quite useful 
for managing medical equipment as 
well as regular appliances at medical 
facilities. Gahlaut cited an example, 
“A senior doctor from the oncology 
department in AIIMS bought three 
of our smart appliances. He is using 
these to control some of his instru-
ments alongside electrical appli-
ances. We are also connected with 
8-10 nursing homes who are buying 
our product to manage their medical 
equipment better.”

Controlling air-conditioner us-
age is the biggest application—be 
it at homes, offices or business 
chambers. Scheduling water pumps 
according to odd timing of water 
supply is another popular use case. 

Smart switches are also used to 
control televisions, coffee machines, 
microwaves or any kind of plugga-
ble devices automatically or remote-
ly as required. 

Most smart devices provide 
comparative analytics of the power 
consumption data of all devices, 
enabling users to know which 
appliance is drawing more power 
and how it can be managed. Thus 
smart plugs help to reduce energy 
wastage and cut down electricity 
expenses. 
—Paromik Chakraborty, technical journalist, EFY
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If you want to share such case studies with EFY 
readers, please contact us at smartworld@efy.in 

Ripu Daman Sharma, country sales manager, 
Lutron Electronics 

Q. How do you see the smart light-
ing market?

A. Smart lighting is, undoubt-
edly, the way of the future. Till a 
while back, it was only limited to 
commercial buildings and grand 
apartments. However, the concept 
is now transforming immensely as 
the idea of smart lighting and home 
automation is finding a place in 
the lives of many middle-class and 
upper middle-class families. With 
smart lighting becoming affordable 
and easily accessible, the demand 
for the same is rising at a fast pace.

With an upsurge in smartphone 
and tablet usage, smart technolo-
gies are becoming more affordable 
and prevalent. Additionally, the 
government’s Smart Cities Mission 
initiative on building smart cities—
the core of which is formed by the 
Internet of Things—has provided 
a boost to the establishment of 
smart lighting. 

A Global Market Insights report 
forecasts the smart lighting market 
size to reach US$ 8.5 billion by 
2023, growing annually at over 22 
per cent from 2016 to 2023. Rap-
idly growing energy conservation 
demand along with rising need of 
maintaining an intelligent lighting 
ecosystem is anticipated to drive the 
industry over the forecast period.

Q. What are the ongoing trends in 
wireless lighting?

A. As per the growing demands 
in the wireless lighting industry, 
there are numerous trends and new 
technologies participating to create 
an environment for end users.

For example, keypads will go 
wireless, ensuring failure-proof com-
munication between the controller 
and switching/dimming modules. 
Now people can add additional 
control points at their home any-
where, anytime even after moving-
in. Your keypad can be installed 
onto any surface, including glass or 
furniture surface.

You can also use smart devices 

like iPad, iPhone or Android devices 
to control your lighting, shades 
and HVAC. Last but not the least, 
you can even control your home or 
office environment by using voice 
command via Alex, Google Home 
or Siri.

Daylight sensors and occupancy 
sensors will go wireless. Wireless 
sensors will save a lot of installation 
time and cost. It’s also much easier 
to identify the best location of the 
sensors without the inconvenience 
of an attaching cable. It’s also more 
flexible to accommodate future 
change in the layout of any space.

Q. What are the benefits of wire-
less lighting control?

A. A room’s lighting is the first 
and foremost thing that gets noticed 
by anyone. Too much lighting can 
be uncomfortable, while insufficient 
lighting can strain one’s eyes. Light-
ing control systems are designed to 
provide the right amount of light 
where and when it is needed.

Lighting control solutions have 
been proven to significantly re-
duce lighting energy consumption, 
complement design and enhance 
the usability. Usually, many people 
are hesitant to install these solutions 
due to high cost involved, complex-
ity and applicability. However, new 
wireless technologies are eliminating 
these concerns, while expanding the 
lighting control capabilities.

Ease of use and flexibility, scal-

ability and non-destructive instal-
lation are key benefits of wireless 
lighting control. 

You don’t have to worry about 
unwanted electrical charges due to 
unintentionally leaving the lights 
on. An easy access from mobile 
phone or tablet means you can con-
trol lights no matter where you are.

Once a wireless network is es-
tablished, that network can be used 
to cover an ever-expanding area at 
a low additional cost. Additional 
sensors, switches and lights require 
minimal labour and disruption, and 
utilise the same wireless control sys-
tem without the need to add a new 
control infrastructure.

Wireless systems are more 
beneficial as people do not have to 
make drastic changes to their walls, 
reducing costs incurred in re-doing 
the walls.

Q. What role does control play in 
wireless lighting?

A. Home control provides you 
the ability to adjust the amount of 
daylight and electric light, tempera-
ture, and power used by appliances 
in a room or throughout your home. 
It helps to save energy and lessen 
the impact on environment, add 
convenience to your daily life, create 
just the right mood or ambiance for 
any activity, and add cutting-edge 
technology to your home.

Q. What lies at the heart of wire-
less lighting?

A. Wireless lighting utilises the 
intelligence of software technol-
ogy and sensors to make people’s 
lives simpler and convenient. It is 
designed for energy efficiency. The 
technology allows LEDs to sense 
where the light is needed and ac-
cordingly set different colours and 
intensity of light. Simply put, smart 
or wireless lighting, is associated 
with a system that provides central-
ised lighting control.  
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my journey

Life Of A  
Design engineer 

I had a sharp memory and loved to play with numbers. So I decided to go for graduation 
in engineering. Since then my life has taken a 360-degree turn. Here I share with you my 

professional journey full of challenges and successes, credits and inspirations 

Pruthwiraj Lenka,  
General Manager,  

R&D & Multi Project 
Management, Osram (India) 

I started with Philips 
in the year 2004 as 
a graduate engineer 

trainee and since then I 
have never looked back. 
Smart work, positive at-
titude and willingness 
to take the initiative pro-
pelled me to the position 
of a manager within a span 
of eight years.

The four-month-long 
Shanghai project in the initial 
phase of my career helped me 
shape mentally. It was there where 
I utilised my time and grew up. Being 
a design engineer was never so interest-
ing, as my Chinese colleagues taught me a lot.

Self-belief that I could steer a team on my terms and 
conditions, and that I could be a credit to any company I 
work with, helped me to take another big leap in the year 
2014, when I switched to Panasonic as a senior manager 
with a large team under me.

The vision to get ahead and live a great lifestyle al-
ways pushed the inner me to learn every day. My inspira-
tion was Sudhajit, my boss in Philips, whose agreeable 
personality and soft-skills persuaded me to follow him 
initially. I had seen him growing as a leader 
and that inspired me.

An urge to become people’s manager 
helped me to pursue my Masters in Busi-
ness Administration from IIM, Kolkata. Mr 
Ratnam, business head with Philips Life-
style, was my mentor then. He had made 

his team so strong that 
they were ever ready 
to accept challenges. 
I wanted to be like 
him—an inspiration 

and a role model to 
my team.

In 2014 I joined Os-
ram. Again, I was under 

a man of wisdom and 
wit. Tony had all the ca-

pabilities to complete pro-
jects on time, and he was a 

perfectionist.
On joining Osram I wondered 

why a company like Osram does not 
have any government tender. But I had 

faith in me and knowledge about the nitty-gritty 
of electronics and components. Thus, within a year I 
was able to bag an LED-bulb government tender worth 
a million rupees.

So believe in yourself and be ever ready to take 
initiatives. Rest perseverance creates wonders in 
life. A positive approach never fails you. We are like 
shares in the market. Better the stock value, more 
are the investors. So, instead of comparison, start 
building up yourself, so that people recognise you  

and value you.
I look forward to becoming someone 

who is looked upon as a role model for the 
coming generations. Although I don’t have 
any plans to be an entrepreneur, I am defi-
nitely in if some day Osram wants me to be 
the CEO of the company!  



113www.efymag.com electronics for you | december 2017

Equipped with Plasmacluster technolo-
gy, Sharp’s portable car purifier IG-GC2 
works by dispatching ions to each and 
every corner of the car, thus reaching 
out to the source of the hidden smell 
in the mat, ceiling, seat covers and 
dashboard; destroying them not only 
form the air but even from the surface. 
Additionally, the washable PM10 filter 
ensures that most road dust particles that 
penetrate the AC filter can also be trapped. There is  
no recurring cost and the purifier can be used for up to  
19,000 hours or 10 years.

IG-GC2 comes with two-port USB car adaptor to charge the 
device. It also combats the dangers posed by exposure to VOCs,  
PBDEs and phthalates in your car. The purifier weighs  
approximately 265gm (excluding accessories).

Experience high-definition (HD) sound with 
metallic-finished SB521 Bluetooth wireless 
speaker from SoundBot. Perfect for both 
indoors and outdoors, the speaker comes with 
a 1500mAh built-in battery for six hours of 
non-stop playback. It gives music lovers an 
exhilarating experience with dynamic sound 
quality, and can connect to all gadgets in the 
house. Party at any place with its dual mem-
brane of 5W+5W HD loudspeakers on both 
ends of the speaker to reproduce potent bass, 
dynamic mid-range and crispy high notes.

Running Android Oreo, Google Pixel 2 has a 
cinematic 12.7cm (5-inch) Full HD (1920x1080) 
AMOLED 16:9 display. The smartphone packs a 
Qualcomm Snapdragon 835 octa-core processor, 
4GB LPDDR4 RAM, Adreno 540 graphics, 12MP 
f/1.8 rear camera with optical + electronic 
stabilisation, 8MP f/2.4 front camera and stereo 
front-firing speakers. 

The phone runs on a 2700mAH battery, and 
is IP67 water- and dust-resistant. Connectivity 
options include Wi-Fi 2.4/5GHz 802.11 a/b/c/n/
ac, Bluetooth 5.0 and NFC.

Smart Android TV
With inbuilt box speakers

Metallic finish with backlit touch- 
control buttons

Android Smartphone
Google Pixel 2 now available in India

estyle

EFY BuREau

With no recurring cost

Portable Car Air Purifier

First Look

Daiwa’s newest 81cm (32-inch) Smart TV D32C4S is equipped 
with a host of functionalities, impressive pictures and a super-slim 
design. The HD-ready TV delivers immersive viewing experience 
with display resolution of 1366x768. Featuring Android support, it 
runs on an optimised dual-core processor with 1GB RAM and 8GB 
internal storage. Other features include inbuilt box speakers, easy 
access to the Internet with built-in Wi-Fi support, preloaded apps 
like Netflix and YouTube, and 2HDMI, 2USB and CO-AX connectiv-
ity options.

HD Bluetooth Speaker

Price 
`15,490

Price 
`12,000

Price 
`2990

Price 
Pixel 2 64GB: 

`61,000  
Pixel 2 128GB: 

`70,000
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GizMo ByTes
Paytm launches in-app messaging 

feature similar to WhatsApp
Digital wallet app Paytm is all set to 
take on Facebook-owned WhatsApp 

with the launch of its in-app messaging 
facility. Called Inbox, the feature 

enables users to chat with friends and 
family as well as send and request 

money. Inbox is now live for Android 
users and will be available for iOS 

users, too. Paytm is using end-to-end 
encryption on messages, offering the 
same set of security protections as 

WhatsApp. It also offers the ability to 
share live location, recall messages, 

and exchange photos and videos. 
However, unlike WhatsApp, Paytm 

allows users to initiate a private 
(incognito) conversation. 

YouTube TV app for smart TVs
Google’s Live TV streaming service 

YouTube TV is now becoming available 
to actual TV viewers with the 

launch of dedicated apps for smart 
TVs, streaming devices and gaming 
consoles. Hitherto, YouTube TV has 
been available via mobile, desktop 

and casting. The company is launching 
a YouTube TV app for Android TV 

devices, including Nvidia Shield; TVs 
with Android TV built-in, like Sony; 
and the Xbox One family of devices, 

including Xbox One, Xbox One S, and 
soon Xbox One X. It will also roll out 

TV apps for other smart TVs, including 
those from LG, Samsung and Sony, as 

well as an app for Apple TV.

Take stock on your smartwatch 
with Moneycontrol’s app

Moneycontrol claims to have launched 
India’s first smartwatch application that 
enables voice search for stocks enabled 
on the Apple watch. Open Moneycontrol 
on your watch, tap on the voice button, 

say the name of your favourite stock 
and you get all the relevant information 

right on your watch.

BenQ’s CineHome W1700 DLP projector brings 
the magic of big-screen 4K digital cinema to homes. 

Producing 8.3 million distinct pixels for true 4K UHD performance, W1700 utilis-
es single-DMD DLP technology and pure 4K-optimised optical system for image 
precision and colour accuracy without artifacts that can plague LCD projectors.

Evoking genuine emotions by preserving authentic cinematic colours, W1700 
employs exclusive BenQ CinematicColor technology with RGBRGB colour wheel 
to meet the film industry’s highest standards of colour accuracy. High dynamic 
range (HDR10) support offers greater brightness and contrast range with auto 
image optimisation.

Simple and modern, W1700 easily becomes a smart projector by connecting 
an HDMI dongle such as Google Chromecast or Amazon Fire TV Stick to instant-
ly stream TV shows, movies, sports, and even video games to the big screen.

The projector will be available from January 2018. 

The prices, features and specifications are based on information provided to us, or as available on various websites and portals. EFY cannot vouch for their accuracy. 

Multi-fitness 
Activity Tracker 
Featuring GPS and pre-loaded 
sports apps

Garmin’s vivoactive 3 GPS-enabled smart-
watch keeps an individual tab on a vari-
ety of activities using the 15 pre-loaded 
apps package. With vivoactive 3 on their 
wrist, users can continue to monitor their 
running, swimming, cardio or strength 
training performance in real time. The 
device can also be set to measure the el-
liptical, yoga, stair stepper, floor climbing, 
boxing and cardio workout performance.

Vivoactive 3 has a compact screen 
with a high-resolution, full-colour 
Garmin Chroma Display. Its inbuilt 
software converts the raw data into a 
comprehensible, readable form. Users 
can measure their heart rate and assess 
their stress levels based on their physi-
cal activity level or other changes in the 
schedule. To add convenience, there is a 

new feature called 
Garmin Pay, which 
works like a wallet 
by initiating pur-
chase payments us-
ing the smartwatch. 
The watch battery 
works up to eight 
days without any 
interruption.

Featuring all-screen display

iPhone X 

Apple’s latest smartphone iPhone X 
features an all-glass and stainless-steel 
design with a 14.7cm (5.8-inch) Super 
Retina display, A11 Bionic chip with 
neural engine for powerful machine 
learning, augmented reality and im-
mersive 3D gaming experiences, and 
wireless charging. 

Face ID provides a secure way to 
unlock, authenticate and pay. The 
TrueDepth camera that enables Face 
ID brings Portrait mode with Portrait 
Lighting to the front camera for beauti-
ful selfies with a depth-of-field effect. It 
captures and analyses over 50 different 

facial muscle 
movements to 
bring emoji to 
life in a fun 
new way. The 
redesigned rear 
camera with 
dual optical 
image stabilisa-
tion includes 
a new colour 
filter and an 
improved 
Apple-designed 
image signal 
processor.

first look

Displays 4K uHD images with true 
8.3-million pixel detail

Home Cinema Projector

Price:  
`225,000

Price 
 ̀24,990

Price 
Starting from 
` 89,000
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How To RecoveR DeleteD Files  
From Your Hard Drive 

estyle
do-it-yourself

Nothing is more joyful than 
being able to retrieve ac-
cidentally deleted files from 

your laptop. Sometimes, 
while working on a com-
puter, you end up losing 
your work due to sudden 
power or system failure as 
you were in so much haste 
that you forgot to save 
the file. While you waste 
time to dread the loss, it is 
quite possible to recover 
the same! Here is the way 
to go…

What makes data 
recovery possible?
The most astonishing fact 
about data loss is that it 
is not actually omitted 
from the memory but is 
rather hidden, only to be 
over-written by new files. 
This interesting technol-
ogy nuance makes data 
recoverable.

Steps to recover  
lost data
Step 1. Check ‘Recycle 
Bin’ of your system. Most 
of our deleted files are 
archived in Recycle Bin 
before the system deletes 
them automatically. How-
ever, the same must not be 
taken for granted as many 
a time heavy files and files 
from external drives are 
permanently deleted from 

the system without being stored in 
Recycle Bin.

Step 2. In case you don’t find 

Fig. 1: Recover deleted files from usb flash drive with Recuva 
(Image source: https://images.techhive.com)

Fig. 2: Deleted files (Image source: www.geek.com)

your file in Recycle Bin, the same 
has been permanently deleted. To 
recover such files, you may down-

load any of the freely 
available data recovery 
tools from the Internet. A 
few popular data recovery 
tools include Recuva, Disk 
Digger and PC Inspector 
File Recovery. These data 
recovery tools are mostly 
downloadable in a ZIP file 
format. Zip file format is 
supported by Windows 
and, thus, is easily acces-
sible.

Step 3. Open the Zip 
file and run the .exe part.

Step 4. Select the drive 
from which you want to 
recover the data. As a next 
sub-step, let the software 
recognise the missing files.

Step 5. From the sug-
gested recoverable files, 
select the ones you want 
to retrieve and choose to 
recover selected files.

Step 6. Choose a loca-
tion to save the files in 
your system.

Your files are now an 
active part of your system 
and ready to be used!

To recover the lost files, 
it is advisable to re-store 
them as soon as possible. 
Delaying the same may 
lead to permanent non-
recoverable deletion of 
the data.  
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Another essential factor is the display 
panel used. Twisted Nematic (TN) panels 
are comparatively cheaper. However, their 
colour contrast and display quality are 
not very sharp owing to limited viewing 
angles. 

An In-Panel Switching (IPS) panel is 
preferable as it has much better colour 
reproduction and contrast as well as 
anti-glare capability. Also ensure that the 
display is multitouch-compatible.

Processor. Hybrid laptops use the same 
processors as standard ones, with Intel 
processors leading the race in the market. 

Ghosh informs, “Nowadays, convert-
ible laptops come with better processors 
like the latest Intel i3 7th generation, Core 
i5 or even i7 in the 8th generation, which 
is one generation ahead of the traditional 
notebook.” 

In general, all the processors being 
used today, starting from Intel’s i3, are 
powerful enough for general functions. 
Stronger processors like i5 and i7 are 
better at multitasking, running heavier 
programs and gaming.

RAM. Random-access memory (RAM) 
is important for seamless functioning of 
the system. It holds data of the running 
program as long as the system is switched 
on, so programs can be quickly revisited 
without the need to access the main stor-
age of the device. Consequently, it greatly 
eases load on the system and increases 
the speed. 

Limited-space systems like hybrid 
laptops usually run with single-output 
dual-inline memory module (SO-DIMM) 
circuits, which are half as big but almost 
equally powerful as the normal DIMM 
memories used in regular computers. 4GB 
DDR4 configuration is optimal for a mid-
range hybrid laptop.

The Best Detachable-KeyboarD 
laptop Within ` 40,000 

estyle

Buyers’ Guide

Detachable-keyboard laptops are 
gaining popularity because of their 
flexible and stunning designs. These 

hybrid laptops can be a great choice for 
those who mostly remain outdoor. To pick 
the best deal from the market, knowing the 
essential features of a good hybrid laptop 
is important. This article lets you explore 
these features and how they weigh in  
selection. Here we have considered only 
Windows laptops costing within ` 40,000.

Important features to look for
Hybrid laptops can meet almost all your 
daily computing needs—be it web brows-
ing, audio and video playback, documenta-
tion and presentation, running programs or 
even medium-level gaming. 

Chandrahas Panigrahi, CMO and con-
sumer business head, Acer India, says, “Most 
consumers look for an option which doesn’t 
burn a hole in their pocket, but delivers a 
performance that matches that of conven-
tional systems. Hybrid laptops provide the 
ease of a touchscreen display wherein the 
laptop can be converted into a tablet.” 

As regards optimal configuration for these 
laptops, Diptesh Chandra Ghosh, director, 
consumer products, Lenovo India, shares, “A 
desirable new hybrid laptop would include 
features like default Full HD IPS anti-glare 
display, a strong processor, 4GB RAM, 1TB 
storage space and Windows 10 with MS of-
fice preloaded as the base configuration.” 

Let’s dwell on these essential features 
further to help you find the laptop of 
your choice.

Display. When you are choosing a 
laptop that can also act as a tablet, display 
becomes an essential evaluator. For any 
purpose, a higher display resolution is pref-
erable. Full HD display of 1920x1080 pixels 
is an optimal choice within budget.

Paromik 
Chakraborty is a 
technical journalist 
at EFY 

Acer Switch Alpha 12 

Lava Twinpad 

Lenovo Yoga 520 
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buyers’ guide

Storage. The choice of system 
storage is highly dependent on the 
nature of system use. Two main stor-
age technologies available in the mar-
ket are hard disk drive (HDD), which 
has a rotating magnetic platter with a 
read/write head to retrieve data, and 
solidstate drive (SSD), which stores 
information in microchips and relies 
on flash technology. 

SSDs can hold the stored data 
even when there is no power, making 
system boot and data retrieval up to 30 
per cent faster than HDD. Additionally, 
no moving parts means SSDs can run 
on less power, so these are battery-
friendly as well. 

However, SSDs are quite costlier 
than HDDs. Also, HDDs have larger 
storage capacity. For example, a 2TB 
HDD still costs less than a 1TB SSD. 
So HDD is the right option if you 
need a large storage space within a 
budget and can compromise a little 
bit on system-boot time. On the other 
hand, SSD is a better choice for faster 
system speed and performance. 

Battery life, latest Wi-Fi support 
and more. Battery is an important 
part of the device you choose. Lithium 
polymer are the batteries of choice 
in most of today’s devices. These 
come in capacities of 30-40 watt-
hours (Wh). Opt for a laptop that has 
minimum battery life of 10 hours and 
battery capacity of around 40Wh.

Make sure that the laptop is dual-
band Wi-Fi compatible (2.4GHz and 
5.0GHz) and supports the latest AC 
Wi-Fi standard (802.11ac). Gigabit 
Ethernet port availability is another 
must-have feature.

Additionally, look for an acciden-
tal protection warranty. Some of the 
latest hybrid laptops come integrated 
with fingerprint sensors, which offer 
an added layer of security.

Options in the market
The hybrid laptop market is quite 
competitive with a lot of options to se-
lect from. We discuss here a few them.

Lenovo Yoga 520 series. Priced at 
about ` 40,000, this laptop is designed 

for users on the run with around 10 
hours of battery life and the latest 8th-
generation Intel processors. It packs 
a decent 4GB DDR4 RAM, 1TB HDD 
storage, 36cm (14-inch) display, next-
generation fingerprint reader, dual-AC 
Wi-Fi with Gigabit LAN port, Full HD 
IPS anti-glare display and one-year free 
accidental damage protection.

Acer Switch Alpha 12. Priced 
around ` 40,000, this 1.25kg laptop 
has a 4GB RAM, 256GB SSD storage 
and 2160x1440-pixel 30cm (12-inch) 
display. A major USP of this Win-
dows 10 Home offering with inbuilt 
Intel HD graphics card is its liquid 
cooling facility, which the company 
claims to be the world’s first in hy-
brid laptops. The laptop supports a 
battery life of 8 hours.

HP Pavilion x360 AB005TU. 
Priced below ` 30,000, this laptop is 
a decent pick. It packs a 1600MHz 
4GB DDR3 RAM (with two SD slots 
expandable up to 8GB), 500GB HDD 
storage, 28cm (11-inch) intuitive 
touchscreen with HD display, Intel 
HD405 internal graphic processor 
unit and a strong 45W battery. The 
processor (Intel Pentium Quad-Core 
N3710 1.6GHz) is slightly weaker, 
but other features make up for it. 
The laptop costs ` 28,000.

Lava Twinpad T100. This cellular 
laptop is a good option if you are on 
a tight budget. It comes with a 3G 
SIM slot for data connectivity and a 
1.33GHz Bay Trail T100 processor. 
Costing ` 14,999, this laptop has 
2GB DDR3 RAM, 32GB flash storage, 
25.6cm (10.1-inch) IPS display, Intel 
integrated graphics (Gen 7), and a 
2MP front and a 2MP rear camera. It 
packs Windows 10 by default. 

In a nutshell
Detachable laptops are capable of 
powerful computing despite reduced 
hardware. While traditional systems 
are preferred by business users 
owing to their better security and 
processing features, hybrid comput-
ers are a great companion for daily 
use on-the-move.  
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Password-Protected  
Bluetooth Remote ContRol 

Tej Vijaykumar PaTel 

Sani Theo 

& PreeTi 

BhakTa

This password-protected wire-
less remote control operating 
at 2.4GHz frequency can be 

used to control robots, home appli-
ances, machines, etc. Here we have 
used the secure remote to control a 
war robot that has three motors, one 
of which is used to lift objects or 
weapons such as a cutter (or sword). 
The article describes configura-
tion of the remote control system 
and doesn’t cover construction and 
working of the robot in detail due to 
paucity of space.

Circuit and working
The project consists of two pairs 
of Arduino and Bluetooth HC-05 
modules, one of which is used in the 
transmitter unit and the other in the 
receiver unit. The Bluetooth module 
on the transmitter side is configured 
as master, while the module on the 
receiver side is configured as slave. 
The author’s prototypes for the trans-
mitter unit and the receiver unit are 
shown in Figs 1 and 2, respectively.

Transmitter unit. Circuit diagram 
of the transmitter unit is shown in 
Fig. 3. The prototype uses six push-
buttons/switches (S1 through S6), 
which are connected to the Arduino 
board (Board1) using jumper wires. 
All these switches are used to control 
the motors for different movements 
of the robot. The HC-05 Bluetooth 
module (BT1) is also connected to 
Board1 as shown in Fig. 3.

Receiver unit. Circuit diagram of 
the receiver unit is shown in Fig. 4. It 
consists of Arduino board (Board2), 
HC-05 Bluetooth module (BT2), six 
12V, 1CO relays (RL1 through RL6), 
three DC motors (M1, M2 and M3), 
six relay driver transistors 2N2222 

(T1 through T6) and a few other 
components. The author’s prototype 
uses a 4-channel relay card for the 
robot’s right and left wheels and 
a 2-channel relay card to drive the 

motor for lifting the object. BT2 is 
connected to Board2 using jumper 
wires. All the relay cards are con-
nected to Board2.

The relay card should be made 

Fig. 1: Author’s prototype of transmitter unit

Fig. 2: Author’s prototype of receiver unit
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as per your requirement. In this tu-
torial, circuit is used to drive a robot 
using DC motors. So two relays are 
used to run a motor in both direc-
tions.

Switches S1 through S6 in the 
transmitter unit work as the remote 
control buttons, which send digital 
signals to the receiver unit through 
Board1 and BT1.

The signals from the transmitter 
unit are received by BT2 in the re-
ceiver unit and forwarded to Board2 
for processing. Since relay boards 
are connected to digital output pins 
of Board2, the relay energises or de-
energises as per the status of signals 
available on digital output pins. 

Relays. Relays at the receiver side 
are used to drive the motors in the 
desired directions through Arduino 
Board2. Relay drivers include the 
combination of a transistor and a di-
ode as shown in Fig. 4. You can use 
higher-power-rating relays for driving 
heavy DC motors. In the prototype, 
the author has used 12V DC, 8-pin 
JQX-30F power relays by removing 
sugar-cube PCB relays from the relay 

cards. Proper combination of relays 
and contacts makes the motors run 
in the desired directions.

Pairing of Bluetooth modules
HC-05 modules of the transmitter 
and the receiver are to be paired 
first before using them in the pro-
ject. The process to configure the 
HC-05 modules is explained below. 

To pair two HC-05 modules, 
you need an Arduino board and a 
USB-to-UART adaptor like CP2102 
converter. An HC-05 module can be 
configured to work either in slave or 
master mode.

Configuring slave module. 
Connections between HC-05 and 
Arduino are shown below: 

HC-05 (BT2) Arduino (Board 2)
Rx Rx
Tx Tx
GND GND
Vcc Vcc
Key 3.3V
In order to enter ‘attention’ (AT) 

command mode of HC-05, a null 
program is required in the Arduino 
board. (AT commands are Hayes 

command set commonly used in 
modem and serial communications.) 
The key pin of HC-05 must be con-
nected to 3.3V in order to enter AT 
command mode. 

After proper connections, check 
the baud rate of your HC-05 module. 
Configure the baud rate to 38400. 
Upload the following null program to 
Arduino board:
void setup() 

{

 

}

void loop() 

{

  }

After uploading the program, 
start ‘Serial Monitor’ in Arduino 
IDE. Select ‘Both NL & CR’ and 
‘Baud rate as 38400’ in ‘Serial Moni-
tor’ window.

To know details of the current 
HC-05 device, just type AT+NAME 
in the edit box in ‘Serial Moni-
tor.’ To change the device to the 
desired name, say, Tej Patel, type 
AT+NAME= Tej Patel

To change password of the mod-
ule, enter the following command:
At+PSWD=*****

where ***** can be any character 
string, say, efy12

To configure the module in slave 
mode, type AT+ROLE=0

Every Bluetooth module has its 
own address. To know the current 
device address, type AT+ADDR

Here, the address is 
98d3:31:305f7b

Replace colons with commas as 
given below:
AT+LINK=98d3,31,305f7b

And note down this address 
because you will need this later on 
while configuring the master mod-
ule (BT1). Now, you may disconnect 
the power and remove the key pin 
from the module. 

Power the module again. Slave 
module (BT2) is ready to use now. 

Configuring master module. For 
this, you need a CP2102 converter 

Fig. 3: Circuit diagram of transmitter unit
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(USB-to-UART) and also a terminal software. 
The author used a Tera Term software, which 
can be downloaded freely and easily from the 
Internet.

You need the following wiring connec-
tions between HC-05 module and CP2102 
converter:

HC-05 (BT1) CP2102
Vcc   +5V
GND  GND
Tx   Rx
Rx   Tx
Key   3.3V
After the connection, plug-in CP2102 

module to USB port of your PC. Open Tera 
Term software from your PC and proceed as 
follows:

Step 1. Select ‘Serial’ option, followed by 
the COM port on which the CP2102 converter 
is connected

Step 2. Select Setup→Serial Port→  
Baudrate→38400

The default baud rate for HC-05 is 38400 
for command mode 

Step 3. Under the setup menu, select ter-
minal as ‘CR+LF’ for Transmit. Also tick the 
local echo. Thus you can see whatever you 
have typed or entered in the window

Step 4. Type ‘AT+RMAAD’ to remove all 
the previously connected devices.

Set the password same as for slave by 
typing the following commands in the edit 
window of Tera Term:

AT+PSWD=*****
AT+ROLE=1. Here ‘1’ is for master mode
AT+CMODE=1 allows the module to 

connect to any address 
AT+INIT. Type this command to initiate 

serial port. If you find error 17, don’t worry, 
it means you have already started SPP

 AT+INQ. Type this to find devices near 
master module. After a while, you will get 
a list of the devices. To pair with the slave 
module, type:

AT+LINK=“the address with commas”
Here, AT+LINK=98d3,31,305f7b
Master module (BT1) is configured now. 
Switch on both the BT1 and BT2 mod-

ules and see the status LEDs on both slave 
and master modules. Both modules should 
automatically connect to each other. If both 
LEDs start blinking twice in a second simul-
taneously, both devices are connected to each 
other and will remember each other even Fi
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after their power is turned off.
Now the setup is complete and 

the wireless remote is ready to use. 

Software program
Three programs (HC-05_config.
slave.ino, TX-rem-cont.ino and 
RX-rem-cont.ino) are used in this 
project. 

HC-05_config.slave.ino is used to 
configure Bluetooth slave module, 
TX-rem-cont.ino is used for trans-
mitter Arduino and RX-rem-cont.ino 
is used for receiver Arduino. 

You need Arduino IDE software 
to compile and upload these codes 
into their respective Arduino boards.

Main functions of Arduino codes 
are explained below:

pinMode( ). Configures the 
specified pin to behave either as an 
input or an output. See digital pin 
descriptions for detailed pin func-
tionalities.

digitalWrite( ). If the pin is 

configured as an OUTPUT with pin-
Mode( ), its voltage will be set to 
the corresponding value: 5V (or 
3.3V on 3.3V boards) for HIGH, 0V 
(ground) for LOW.

digitalRead( ). Reads the 

value from a specified digital pin, 
either HIGH or LOW.

available( ). Gets the number 
of bytes (characters) available for 
reading from the serial port. This 
is the data that has already ar-
rived and is stored in the serial 
receive buffer (which holds 64 
bytes). available() inherits from 
the Stream utility class. 

begin( ). Sets the data rate in 
bits per second (baud) for serial 
data transmission. For communicat-
ing with the computer, use one of 
these rates: 300, 600, 1200, 2400, 
4800, 9600, 14400, 19200, 28800, 
38400, 57600 or 115200. You can, 
however, specify other rates. For 
example, to communicate over 
digital pins 0 and 1 of Arduino that 
requires a particular baud rate.

println( ). Prints data to the 
serial port as human-readable ASCII 
text followed by a carriage return 
character.

Parts List
Semiconductors:
D1-D6  - 1N4007 rectifier diode
T1-T6  - 2N2222 npn switching  
  transistor
Board1, Board2  - Arduino Uno board
BT1, BT2 - HC-05 Bluetooth module
Resistors (all 1/4-watt, ±5% carbon):
R1-R6  - 10-kilo-ohm
R7-R12  - 2.2-kilo-ohm
Miscellaneous:
S1-S6  - Tactile switch
CON1, CON2  - 6-pin female connector
CON3  - 2-pin terminal connector
CON4-CON9 - 3-pin connector for relays
RL1-RL6  - 12V, 1CO relay
M1-M3  - 12V, 50rpm DC motor
BATT.1, BATT.2 - 9V battery with connector
BATT.3 - 12V battery 
 - 11-pin connector for Board1
 - 10-pin connector for Board2 
Jack 1, Jack 2 - DC jack 
 - Castor wheel
 - Male-to-male jumper wires
 - CP2102 converter 
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The source code of  
this project is  

included in this 
month’s EFY DVD and 

is also available for free 
download at source.

efymag.com

efy Note

Construction and testing
An actual-size PCB layout of the 
transmitter unit is shown in Fig. 5 
and its components layout in Fig. 
6. Similarly, actual-size PCB layout 
of the receiver unit is shown in 
Fig. 7 and its components layout 
in Fig. 8.

Use two 50rpm DC motors for 
the wheels of the robot, one for 
right wheel and the other for left 
wheel. A castor wheel can be used 
as front wheel of the robot. Use 
another 50rpm DC motor for the 
object-lifting arm.

Connect 9V battery to both trans-
mitter and receiver units. Connect 
12V battery for the DC motors in the 

receiver unit. 
Switch on both the transmitter 

and receiver units. If status LEDs of 
both BT1 and BT2 start blinking twice 
every second simultaneously, that 

Tej Vijaykumar Patel is an 
electronics hobbyist with 
keen interest in robotics and 
automation 

Fig. 5: Actual-size PCB layout of 
transmitter unit

Fig. 6: Components layout for the PCB 
in Fig. 5

Fig. 7: Actual-size PCB layout of receiver unit

Fig. 8: Components layout for the PCB in Fig. 7

means both devices are connected to 
each other. Now you can press any 
switch on the transmitter unit to con-
trol the robot. Switch S6 is used for 
lifting or cutting the object. Switches 
S1 through S5 are used for various 
movements of the robot. 
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Touch Switch 
Madan Mohan Sarkar 

S.C.  DwiveDi

Touch switches are used in 
many lamps and wall switch-
es that have a metal exterior 

as well as on public computer 
terminals. A touchscreen includes 
an array of touch switches on a 
display. Basically, a touch switch 
is the simplest kind of tactile 
sensor. Described here is a touch 
switch that operates only when 
you touch two conductor terminals 
(say, A and B) simultaneously with 
your fingertip.

Circuit and working 
Circuit diagram of a simple touch 
switch is shown in Fig. 1. It is built 
around four BC547 transistors (T1 
through T4), a 5V single changeo-
ver relay (RL1), two 1N4007 diodes 
(D1 and D2) and two touch plates 
(TP1 and TP2). The circuit works 
off 5V DC.

Working of the circuit is straight-
forward. When TP1 is touched, the 
base voltages of transistors T1 and 

Fig. 1: Circuit diagram of the touch switch 

Fig. 2: Actual-size PCB layout of the touch switch

Fig. 3: Components side of the PCB

Parts List
Semiconductors:
T1-T4  - BC547 npn transistor
D1, D2  - 1N4007 rectifier diode
Resistors (all 1/4-watt, ±5% carbon):
R1  - 1-kilo-ohm 
R2  - 100-ohm 
Miscellaneous:
CON1  - 2-pin terminal connector
TP1, TP2  - Touch plate
RL1  - 5V, 1CO PCB-mount relay
 - 5V power supply 
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T4 go high. As 
a result, relay 
RL1 energises 
to activate the 
load (light or 
fan) through 
relay contacts.

When TP2 
is touched, the 
base voltage of 
transistor T2 
goes high and 
transistor T3 
conducts. The 
voltage devel-
oped across 

resistor R2 de-energises relay 
RL1 to de-activate the load.

Touch plates TP1 and TP2 
can be made from copper 
wires or copper plates. 

Construction and testing
An actual-size PCB layout for 
the touch switch is shown 
in Fig. 2 and its components 
layout in Fig. 3. After assem-
bling the circuit, enclose it in 
a suitable box. Affix the touch 
plates on the front panel of 
the box such that you can 
touch them easily.  

Madan Mohan Sarkar is  
an electronics hobbyist 
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Dc Motor Soft Starter  
Using Arduino Uno Board 

A. SAmiuddhin 

S.C.  

DwiveDi

Motor starter 
reduces the load, 
torque and cur-

rent surge of a motor dur-
ing startup. On starting, the 
motor takes more than five 
times the normal running 
current. This overheats the 
motor’s armature winding 
and creates a sudden volt-
age dip in the power sup-
ply, which can be avoided 
by using a motor starter. 

There are many types 
of motor starters. Here we 
describe an electronic DC 
motor soft-starter using 
Arduino Uno board. This 
circuit controls both soft-
start and soft-stop timings 
through pulse-width modu-
lation (PWM).

Circuit and working 
Circuit diagram of the DC motor 
soft-starter is shown in Fig. 1. In 
addition to Arduino Uno board 
(Board1), it uses PIC817 optocoupler 
(IC1), p-channel IRF9530 MOSFET 
(T1), 1N4007 rectifier diode (D1), 
12V DC motor (M1) for testing, 
bi-colour LED (LED1) and a few 
other components.

Arduino Uno board is an impor-
tant part of the circuit that generates 
PWM signals. Pushbuttons (S1 and 
S2) are used to soft-start and soft-
stop the motor. The bi-colour LED 
indicates whether the motor is in 
soft-start or soft-stop mode.

Soft-start. When the circuit is 
switched on, the motor is at rest 
and LED1 off. When pushbutton S1 
is pressed momentarily, the voltage 
across the motor increases gradu-

ally and attains maximum voltage 
after the predetermined soft-start 
timing. So the motor first starts at 
a slow speed. In this state, LED1 
emits green light. After the soft-start 
time, i.e., in running condition, 
LED1 emits orange light, indicat-
ing that the motor is running at the 
rated speed.

Soft-stop. If pushbutton S2 is 
pressed momentarily while the mo-
tor is running at the rated speed, the 
voltage across the motor decreases 
gradually and becomes zero after 
the soft-stop time. So the motor 
speed also decreases gradually and it 
finally stops after the soft-stop time. 
In this state, LED1 emits red col-
our. After the soft-stop time, LED1 
doesn’t glow, indicating that the 
motor is at rest.

Arduino Uno is programmed 
such that if switch S1 or S2 is 

pressed more than once before the 
timing ends, it executes only once. 
This prevents the motor from restart-
ing suddenly.

The circuit is isolated by an 
optocoupler (IC1) so that any dis-
turbance in the motor power supply 
doesn’t affect the Arduino Uno 
board. The freewheeling diode (D1) 

Fig. 1: Circuit diagram of DC motor soft-starter

Parts List
Semiconductors:
Board1  - Arduino Uno board
IC1 - PC817 optocoupler
T1 - IRF9530 p-channel MOSFET
D1  - 1N4007 rectifier diode
LED1  - 5mm bi-colour LED
Resistors (all 1/4-watt, ±5% carbon):
R1, R2, R5  - 10-kilo-ohm
R3 - 100-ohm
R4  - 220-ohm
Miscellaneous:
CON1  - 2-pin terminal connector 
CON2  - 8-pin connector 
M1  - 12V DC motor for testing
 - Male-to-male jumper wires 
S1, S2 - Tactile switch 
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Fig. 2: Actual-size PCB layout of the DC motor soft-starter

Fig. 3: Components layout for the PCB A. Samiuddhin is B.Tech 
in electrical and electronics 
engineering. His interests 
include LED lighting, power 
electronics, microcontrollers 
and Arduino programming 

gives additional protection over 
induced voltage when the motor is 
turned off. 

The circuit’s operation 
is controlled using the soft-
ware program loaded into 
the internal memory of Ar-
duino Uno board. The pro-
gram (softs.ino) is written 
in Arduino programming 
language sketch. Arduino 
IDE is used to compile and 
upload the program to the 
Arduino board. 

Construction and testing
An actual-size PCB layout 
of the DC motor soft-starter 
is shown in Fig. 2 and its 
components layout in Fig. 
3. After assembling the 
circuit on a PCB, connect 
CON2 to Arduino Uno 
board through external 
male-to-male jumper wires. 
After uploading the code 

to Board1, enclose the assembled 
PCB along with Board1 in a suitable 
plastic box. 

The source code of  
this project is  

included in this 
month’s EFY DVD and 

is also available for free 
download at source.

efymag.com

efy Note

The circuit works off the 5V USB 
power supply used for Arduino Uno 
board. Regulated 12V power supply 
is used to operate the DC motor. 

Further application
The circuit can be converted into 
an AC motor soft-starter by using 
thyristors in place of MOSFET T1. 
It can be used along with device 
control projects. Additional protec-
tion and closed-loop control can be 
included, if required. Different tim-
ings and PWM values can be set for 
both soft-start and soft-stop.  
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Efficient Egg CandlEr 
T.K. Hareendran 

Preeti 

Bhakta & 

Sani theo

Candling eggs while they are 
incubating is the proven 
method to test them for fertil-

ity. Often, egg candling is done us-

ing a light source to channel enough 
light into the egg in order to deter-
mine whether the egg is developing 
into a chick (see Fig. 1). The light 
source is usually an incandescent 
lamp or an LED. Many users prefer 
an LED as it does not create enough 
heat to harm the egg. 

Here we describe a 
battery-powered LED 
egg candler to detect 
embryonic develop-
ment or separate eggs 
with cracked shells. 
Being battery-powered, 
the egg candler can be 
taken anywhere. Also, 
it is more convenient 
to use: Just put the egg 
on the egg base and 
observe for embryonic 
growth.

The author’s proto-
type is shown in Fig. 2.

Circuit and working
The circuit (shown 
in Fig. 3) has a 4V 
lead-acid SMF battery 
(BATT.1) and a 1-watt 
star white LED (LED2) 
on the right side. 
On the left side is a 
transformerless power 
supply to charge the 

battery. That is, the battery charger 
is powered by 230V AC mains supply 
through a transformerless circuit. A 
5V Zener diode (ZD1) is used as a 
pre-regulator to protect low-voltage 
circuit components from damage by 
the high-voltage input. 

LED1 is the ‘charger on’ indica-

Parts List
Semiconductors:
D1-D5  - 1N4007 rectifier diode
ZD1  - 5V, 1W Zener diode
LED1 - 5mm LED 
LED2 - 1-watt star white LED
Resistors (all 1/4-watt, ±5% carbon, unless stated 
otherwise):
R1  - 4.7-ohm, 2W
R2  - 1-kilo-ohm
R3  - 390-kilo-ohm
R4  - 2.2-ohm
R5  - 22-ohm, 1W
Capacitors:
C1  - 1µF, 400V polyester
C2  - 100µF, 63V electrolytic
Miscellaneous:
S1  - On/Off switch
CON1  - 2-pin connector
BATT.1  - 4V, 500mAh lead-acid  
  battery 
 - 2-pin terminal connector 

Fig. 2: Author’s prototype with battery

Fig. 1: Typical way of observing the egg 
through a light source (Courtesy: www.
incubatorwarehouse.com)

Fig. 3: Circuit diagram of the egg candler 
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Fig. 4: Actual-size PCB layout of the egg candler

Fig. 5: Components layout for the PCB
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T.K. Hareendran is 
founder and promoter of 
TechNode Protolabz 

Fig. 6: Mechanical egg base design using a bottle cap

Fig. 7: Mechanical design outline

Fig. 8: Author’s egg base for the egg candler

tor. A 1-kilo-ohm resistor (R2) limits 
the working current of LED1, while 
a 2.2-ohm resistor (R4) controls 
the current flowing through LED2. 
A 4.7-ohm resistor (R1) is used as 
the inrush current limiter, and a 
390-kilo-ohm resistor (R3) across 
1µF capacitor (C1) works as the 
bleeder resistor.

The transformerless power sup-
ply offers advantages of low cost 
and light weight. Also, it is reliable 
when operating with nominal load. 

Construction and testing
An actual-size PCB layout of the egg 
candler is shown in Fig. 4 and its 
components layout in Fig. 5. Link 
the battery to the star white LED 
(LED2) to generate the requisite 
light output. LED2 lights up when 
on/off switch (S1) is closed. 

The egg base is made using a 
small bottle cap (23-25mm diameter) 
modified to suit the needs. A hole 
is made at the bottom of the cap for 
the wires of star white LED to pass 
through (Fig. 6). Besides, a small 
screw is fitted through another hole 
with washer and nut for the purpose 
of mounting later. Glue LED2 to 
the cap. 

The finished egg base can be af-
fixed to the top of a wooden/acrylic 
box with the circuit board (and bat-
tery) attached to the inner bottom of 
the enclosure. Refer Fig. 7 for me-
chanical design outline starting from 
the bottle cap to the proposed finished 
enclosure. The egg base prepared by 
the author is shown in Fig. 8.

After successful construction and 
initial testing, your home-made egg 
candler is ready for periodic can-
dling of eggs. 

Caution. Beware, any experi-
ment involving 230V AC mains 
voltage demands extreme care and 
absolute respect for electrical safety 
guidelines!  
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Optical theremin musical 
instrument Using Arduino Uno Board

ArnAv BAnsAl 

Preeti 

Bhakta & 

Sani theo

Theremin is an early elec-
tronic musical instrument 
controlled without physi-

cal contact by the thereminist 
(performer). It is named after the 
Russian inventor, Léon Theremin, 
who patented the device in 1928. 
A typical theremin musical instru-
ment is shown in Fig. 1.

This article explains how you 

Fig. 1: Etherwave Theremin 

Fig. 2: Arduino-based optical theremin wired on 
a breadboard 

Fig. 3: Author’s prototype

The source code of  
this project is  

included in this 
month’s EFY DVD and 

is also available for free 
download at source.

efymag.com

efy Note

Arnav Bansal is an electronics 
hobbyist who loves to tinker  
with circuit designs 

can build an optical theremin using 
an Arduino Uno board and some 
readily available components. 

The software (theremin.ino) 
used to program the Arduino Uno is 
written using Arduino IDE, which 
can be downloaded free of cost from 
https://www.arduino.cc/en/Main/
Software. The open source Arduino 
IDE makes it easy to write the code 
and upload it to the board. It runs 
on Windows, Mac OS X and Linux 
operating systems. 

Circuit and working
Arduino-based theremin wired on a 
breadboard is shown in Fig. 2. The 
components required are Arduino 
Uno, buzzer, 1-kilo-ohm resistor, 
light-dependent resistor (LDR), 

breadboard and some jumper wires. 
The working of the project is 

fairly simple. The voltage across the 
LDR changes with light intensity, 
and the light intensity changes with 
hand movement of the thereminist. 

The Arduino Uno records voltage 
variations across the LDR using Ar-
duino’s internal analogue-to-digital 
converter (ADC) at a sampling rate 
of 25 (which can be changed by the 
programmer). It then takes average 
of the LDR readings, maps this read-
ing according to some parameters, 
including minimum and maximum 
buzzer frequencies, and minimum 
and maximum sensor values. After 
mapping, Arduino sends out a pulse 
wave to the buzzer’s positive pin 
according to the calculated value, 

which creates 
the sound. 

Construction 
and testing
After uploading 
the code to the 
Arduino Uno, 
move your hand 
up and down 
over the LDR, 
thus changing 
the light inten-
sity falling on 
the LDR. If all 
goes well, you 
should hear cool 
space sounds 
from your own 

theremin. The author’s prototype is 
shown in Fig. 3.  
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do-it-yourself

I f you are an electronics hob-
byist and need to measure low 
currents and low voltages, you 

can buy any inexpensive multi-
meter. However, test leads of such 
meters are fragile. That’s what led 
me to make my own multimeter 
test leads from readily available 
material. These test leads cost you 
almost nothing as the required 
material, except wires, must be 
already available with most of you. 
Note that these test leads work 
fine for low voltages only.

Material required 
1. Two empty ball pen tubes
2. Wires
3. Refill
4. Aluminium foil
5. Two steel pins
6. Insulation tape
7. Soldering iron (used to connect wires 

to steel pins)

The process
Plug design. Cut two 2cm long pieces 
from the ballpen refill so that these can 
be inserted into ports of the multimeter. 
These refill pieces act as plugs. As the 

refill is made of a 
plastic material, cover 
refill pieces with 
aluminium foil to 
provide conduction.

Using insulation 
tape, affix one end of 
black and red wires 
to the refills, respec-
tively; these wires 
represent common 
(ground or negative) 
and positive probes.

Probe and tip 
design. Use empty 
pen tubes as probes, 
and steel pins as tips. 
Insert other ends of 
wires through the pen 
tubes and connect to 
steel pins with the 
help of a soldering 
iron. Affix the ends 
with the help of insu-
lation tape.

Testing. Test the 
leads to ensure that 
these work. Now you 
are good to go!  

MultiMeter test leads  
From Scratch 

Amal Mathew is an 
electronics hobbyist 

Fig. 1: Test leads made from readily available materials

Fig. 2: Material required

Fig. 3: Cut two 2cm lengths from the refill

Fig. 4: Wrap the refill pieces in aluminium foil

Fig. 5: Affix red and black wires to the foil-wrapped 
refill pieces
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HDL AnD FPGA:  
From Gates To Microprocessors 

AnurAg nigAm 

Mukul 

Rustagi & 

sani theo

Digital designs can be de-
scribed precisely and 
concisely using hardware 

description languages (HDLs) like 
Verilog and VHDL. Both languages 
are capable of digital circuit mod-
elling, design and verification 
but have unique sets of strengths 
and weaknesses. 

Digital circuits find applica-
tions ranging from control systems 
through RADAR to communica-
tions. A vast range of application 
areas has been possible due to fast 
modelling and prototyping using 
HDLs and reconfigurable hardware 
like field-programmable gate ar-
rays (FPGAs). FPGAs are a sea of 
configurable circuits or logic blocks 
(CLBs) embedded in a matrix of 
switches. CLBs consist of look-up 
tables, flip-flops and multiplexers, 
which can be connected to realise a 
digital operation. A number of CLBs 
can be networked together to form 
entire digital systems. One such digi-
tal system is a microprocessor. 

Two microprocessor architec-
tures are quite popular: Von Neu-
mann and Harvard. Von Neumann 
architecture uses the same memory 
to store data and instructions, while 
Harvard architecture uses different 
memories for data and instructions. 
Nevertheless, both the architectures 
use two units, data path and control 
path. Data path operates on data, 
while control path operates on in-
structions and accordingly generates 
control signals to control data path. 

This article focuses on design 
and implementation of data path of 
a microprocessor. Here we use Xilinx 
Artix 7 family of FPGAs and VHDL. 
For prototyping, numerous prototyp-

ing boards are available. We have 
used a Digilent Nexys 4 DDR board. 

Data path
Data path operates on operands stored 
in internal data registers and stores 
the result in another data register. Fig. 
1 shows data path under the control 
of control path. Control path issues 
control words to data path in proper 

sequence and at proper times in order 
to control the operation on data. Data 
path generates status signals, which 
may provide valuable feedback to 
control path. 

Data path shown in Fig. 1 has data 
input, control word input, status word 
output and data output. Width of 
data word is specified in bits. For our 
designs we have a generic that stores 
data width and can be altered globally.

Important components of data 
path include multiplexers, data bus, 
arithmetic and logic unit (ALU), 
barrel shifter, multiplier, register 
file, universal shift register and 
output buffers. 

Digital circuits can be classified 
into combinational circuits, sequen-
tial circuits and state machines. Data 
path components are combinational 
and sequential circuits but not state 
machines. Combinational circuits do 
not have the sense of passing time 
simply because these do not have 
memory. Their outputs depend on the 
current values of inputs only. 

Sequential circuits have the sense 
of passing time and time-based 
ordering of operations. These have 
memory. Their outputs depend on 
current and previous values of inputs 
and previous values of outputs. 
Sequential circuits have clock and 
all state changes are synchronised to 
clock edges. Multiplexer, data bus, 
ALU, multiplier and buffer are combi-
national circuits. Register file, barrel 
shifter and universal shift register are 
sequential circuits.

Data path architecture
Fig. 2 shows data path architecture. 
Control, status and address lines for 
various blocks are not shown. Data 

Fig. 1: Data path and control path

Fig. 2: Data path architecture 
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bus is a multibit interface to which 
drivers are connected through their 
output buffers. Inputs of various 
blocks can be directly interfaced to 
the data bus. Here the width of the 
data bus is a generic called ‘width.’

Two multibit 2:1 multiplexers are 
used: One is used to select between 
Data In and the computed result from 
data path output, to be written into 
register file. The other is used to se-
lect one of the outputs from ALU and 
multiplier as data path output.

Register file is a set of local 
registers used by data path. There 
is one input and two output ports. 
The two outputs are the two input 
operands to the ALU or the multi-
plier. The input is used for writing to 
one of the registers. Write register is 
selected by the write address and two 
read registers are selected by the two 
read addresses. 

One of the two operands passes 
through a barrel shifter. Barrel shifter 
shifts the bits by specified count to 
left or right. The new bits on the left 
or the right are 0s or rotate around of 
the word.

The two operands beyond barrel 
shifter are passed on to the ALU and 
the multiplier as inputs. The ALU is 
capable of one of the eight opera-
tions. The multiplier multiplies two 
operands and provides the multi-
plexed output. 

The output of the second mul-
tiplexer moves to the output uni-
versal shifter. The universal shifter 
is capable of bit-wise left and right 
shift, serial-to-parallel conversion 
and multiplexing the output with a 
second input word. Output buffer at 
the output of data path provides an 
interface to the bus. This is required 
in case multiple data paths drive the 
output bus.

The various parts included in Fig. 
2 are discussed along with VHDL 
codes in the following sections.

Synthesis tool
Xilinx Vivado is used as the synthe-
sis tool (Fig. 3). It manages design, 

synthesis, implementation and 
device configuration. The flow is as 
follows:

1. Create a project and select 
Artix 7 FPGA that you wish to use

2. Add source files for designs
3. Simulate designs and validate 

results
4. Synthesise designs
5. Specify the input/out (I/O) 

constraints and generate xsd files
6. Re-synthesise designs
7. Implement designs
8. Generate bit (configuration) 

files for the device
9. Open (connect through UART) 

the device connection
10. Configure the device using 

bit files
11. Validate designs using 

switches and LEDs of the board

Multibit buffer

Fig. 4 shows a multiple-bit buffer 
along with MuBuff.vhd code. The 
output assumes the same value as 
the input if En is high. Else, output 
bits are high impedance. You can 
see the 1’s and 0’s bits on the LEDs. 
Fig. 5 shows its implementation on 
the Nexys 4 board. 

Multiplexer
The multibit 2:1 multiplexer can be 
designed using two multibit buffers. 
Fig. 6 shows a 2:1 multiplexer. Fig. 
7 shows package definition with 
buffer as component. The hierarchi-
cal style code for the multiplexer is 
shown below (MUXnbit2to1.vhd.): 
-- n bit 2:1 mux using tristate buffers 

-- MUXnbit2to1.vhd

Fig. 3: Synthesis tool and FPGA board

Fig. 4: VHDL code for multibit buffer

Fig. 5: Simulation and implementation of buffer 

Fig. 6: Multibit 2:1 multiplexer 

Fig. 7: Package definition with buffer as 
component
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library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

library upcomp; use upcomp.SubComp.all;

entity Muxnbit2to1 is

  generic(width:integer:=8);

  Port ( I0,I1 : in STD_LOGIC_VECTOR 

  (width-1 downto 0);

    q : out STD_LOGIC_VECTOR (width-1 

        downto 0);

    sel : in STD_LOGIC);

end Muxnbit2to1;

architecture Mnb221 of Muxnbit2to1 is

signal nsel:STD_LOGIC;

begin

nsel<=not sel;

TB1:MuBuff generic map(width) port 

map(I0,q,nsel);

TB2:MuBuff generic map(width) port 

map(I1,q,sel);

end Mnb221;

All the components in the proj-
ect are added to upcomp library; 
SubComp is a package in the library 
that has declaration of all the com-
ponents for hierarchical designs. 
The complete SubComp.vhd code is 
included in EFY DVD of this month. 
The code is simulated, synthesised, 
implemented and validated on the 
Nexys 4 board.

Barrel shifter
Barrel shifter is a shift register that 
can be designed using multiplexers. 
Fig. 8 shows a barrel shifter. Bits 
shift to left or right by the count fed 
as shift word. LSB bits are fed with 
0’s when rot bit is low and wrapped 
around from MSB when rot bit is 
high. The behavioral description of 
the barrel shifter is implemented in 
BarrelShifter.vhd.

ALU
Arithmetic and logic unit is the 
heart of data path. It performs one 
of the multiple arithmetic and logic 
operations selected by the select 
lines. Table I shows various opera-
tions that the ALU performs on two 
operands ‘a’ and ‘b.’ Subscript ‘i’ 
represents the i-th bit. Inputs ‘a’ and 
‘b’ are transformed into ‘x’ and ‘y’ 

as per the table. Intermediate bits 
‘x’ and ‘y’ are fed into multibit full 
adder. Full adder is designed using 
half adders. 

The Transform1bit.vhd code 
explains bit transformation circuit as 
per the truth table in the table. The 
ALU is designed using full adder 
and bit transform circuit. The code 
implementation is given in ALUnbit.
vhd.

For opcode as 101, the ALU also 
acts as a comparator. If equ=1 
and agb=1, ‘a’ and ‘b’ are equal. 
If equ=0 and agb=1, ‘a’ is greater 
than ‘b.’ If equ=0 and agb=0, ‘a’ is 
less than ‘b.’ The logic also holds for 
signed numbers.

Fast multiplier
Digital signal processing (DSP) 
requires fast multiplication of two 
numbers. If both the numbers are of 
certain width, the result of multi-
plication is twice the width. This 
requires two words that represent 
lower and higher significance. The 
output can be multiplexed. 

The Multiplier.vhd code below 

shows VHDL code for the multibit 
multiplier:
library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

library upcomp; use upcomp.SubComp.all;

entity Multiplier is

  generic(width:integer:=8);

  Port ( a,b : in STD_LOGIC_VECTOR 

       (width-1 downto 0);

    OP : out STD_LOGIC_VECTOR (width-1 

         downto 0);

    S0 : in STD_LOGIC);

end Multiplier;

.................................

.................................

end FM;

Universal shifter
The output of the multiplier or ALU 
is forwarded through a multiplexer 
to universal shift register. Universal 
shift register is capable of bit-by-bit 
left and right shift with or without 
rotate option. The basic unit of a 
register is a D-type flip-flop with 
asynchronous clear. The code below 
shows a D-type flip-flop with asyn-
chronous clear:
-- D flip flop with clear—DFlipflop.vhd

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

entity Dflipflop is

  Port ( d,clk,clr : in STD_LOGIC;

    q :inout STD_LOGIC:=’0’);

end Dflipflop;

architecture DFF of Dflipflop is

begin

q<=’0’ when clr=’1’ else

  d when (clk’event and clk=’0’ and 

          clr=’0’) else

  q;

end DFF;

The shift register also needs 
2:1 and 4:1 multiplexers. The code 
below shows a 2:1 multiplexer: 
-- 2:1 MUX—MUX2to1.vhd

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

entity MUX2to1 is

  Port (I0,I1,S0 : in STD_LOGIC;

     q : out STD_LOGIC);

end MUX2to1;

ALU operAtions
s2 s1 s0 xi yi

Pass 0 0 0 ai
0

AND 0 0 1 ai and bi 0

OR 0 1 0 ai or bi
0

Complement 0 1 1 not ai
0

Add 1 0 0 ai bi

Subtract 1 0 1 ai not bi

Increment 1 1 0 ai
0

Decrement 1 1 1 ai
1

Fig. 8: Barrel shifter 
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architecture MUX221 of MUX2to1 is

begin

q<=I0 when S0=’0’ else

  I1 when S0=’1’ else

  ‘Z’;

end MUX221;

The code below shows a 4:1 
multiplexer: 
--4:1 MUX—MUX4to1.vhd

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

entity MUX4to1 is

  Port (I0,I1,I2,I3,S0,S1 : in STD_

        LOGIC;

    q : out STD_LOGIC);

end MUX4to1;

architecture M421 of MUX4to1 is

signal sel:STD_LOGIC_VECTOR(1 downto 0);

begin

sel<=(S1,S0);

q<=I0 when sel=”00” else I1 when 

   sel=”01” else

   I2 when sel=”10” else I3 when 

   sel=”11” else

   ‘Z’;

end M421;

The UniShiftReg.vhd code imple-
ments VHDL code for universal 
shift register.

Register file
Data path has a set of addressable 
registers whose control signals and 
input and outputs are interfaced to 
common input and output ports, 
respectively. Such a set is referred to 
as register file. Width of the register 
is set by generic ‘width.’ Address 
width is ‘n,’ resulting in 2n=m regis-
ters. There is one input port and two 
output ports (Port A and Port B). 
Write address chooses the register 
to which input word is written at 

the falling edge of the clock. Write 
address is decoded by the address 
decoder. Port A receives the output 
of the register referred to by Port-A 
address. Port B receives the output 
of the register referred to by Port-B 
address. Two address decoders are 
used to read a word. Each register 
consists of multiple D-type flip-
flops. D-type flip-flop is modified to 

Fig. 9: Register file 

Fig. 10: Data implementation

The source codes  
of this project are  

included in this month’s 
EFY DVD and are 

also available for free 
download at source.

efymag.com

efy Note

include Enable signal that gates the 
clock input. The DFFEn.vhd code 
implements D-type flip-flop with 
Enable signal.

Address decoder has ‘n’-bit-
wide input and 2n=m bit output. 
All the output bits are ‘0,’ except 
the one referred to by the input, 
which is ‘1.’ The AddrDec.vhd code 
implements VHDL code for the ad-
dress decoder. 

Multiple D-type flip-flops can be 
used to store a word. Such a circuit 
is referred to as the register. The 
Reg.vhd code implements VHDL 
code for a register. Block diagram of 
the register file is shown in Fig. 9. 
The RegFile.vhd code implements 
VHDL code for register file. 

Data path integration
Now that you have all the compo-
nents of a data path as per Fig. 2, 
write a structural-style VHDL code 
for data path as given below:
--Data Path –DataPath.vhd

library IEEE; use IEEE.STD_LOGIC_1164.

ALL;

library upcomp; use upcomp.SubComp.all;

entity DataPath is

....................................

....................................

end DP;

Fig. 10 shows the implementa-
tion of data path on FPGA. Fig. 11 
shows the schematic of data path.

Data path testing
Data path requires a large num-
ber of I/Os, which Nexys 4 board 
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Fig. 11: Data path schematic

does not support. This requires 
Virtual I/O and logic analyser IP 
integration into the project. Fur-
ther development of a processor 
is beyond the scope of this article, 
but interested readers can refer to 

related material on the Internet.
This article introduced the read-

ers to data path design of a micro-
processor. The architecture is open 
to modifications and readers can 
come up with innovative ideas to 

implement data paths for modern 
microprocessors.  

Anurag Nigam is adjunct faculty in 
electronics and telecommunications, 
Government College of Engineering, 
Aurangabad 
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EFY Magazine Attractions During 2018
Month SEnSoRS tECh FoCUS MARKEt SURVEY

January Modern sensor technology and applications Smart City framework Electronic system design

February Role of sensors in the Internet of Things (IoT) Technologies for taking Internet to remote 
areas (like whitespace)

Automation

March Embedded sensors for critical applications 
like medical and nuclear

Smart wearables, fabrics, embeddables, etc – 
technology that you can wear

Biosensors

April Sensors for industrial applications Hyper-convergence: Software-centric Energy storage

May Sensors for defense Sensors (platforms like IP500) Security & surveillance

June Sensors for aviation Solidstate arrays Printed, organic & flexible electronics

July Sensors for robotics and artificial intelligence Smart robotics Electronics test & measurement equipment

August Sensors for automobile industry Infrastructure as a service Automotive

September Sensors for consumer electronics Mobile money Electronics manufacturing services (EMS)

October Sensors for deep-sea applications Innovations in lighting (protocols, technology, 
applications)

3D printing

November Sensors for security applications Quantum dot tech Super capacitors

December Sensors for agriculture and environment 
monitoring

Bring your own device (BYOD) – software-
centric technology for devices

Electronics manufacturing equipment
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internet of things

encryption key is of prime consid-
eration in many applications, since 
there is no security once the key 
is compromised. 

To properly address physical 
security, several issues must be 
considered. These include a physical 
mechanism for generating random 
keys, a physical design that prevents 
covert electronic interception of a 
key that is being communicated 
between authorised agents, and a 
secure method of storing a key that 
protects against clandestine physical 

Fig. 6: Secure boot of the main PLC CPU 
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and mechanical probing. 

Various secure key-storage devic-
es provide system designers a host 
of features that range from package 
design to external-sensor interfaces 
and internal circuit architectures. 
These requirements were developed 
by American military in the form of 
FIPS 140 standard, and many chip 
vendors provide very comprehensive 
tamper-proof capabilities that can be 
used in ICSes. 

The future of the IoT security
There may be other approaches to 
security as well, and as you begin to 
realise how important security is in 
a connected factories environment, 
you will eventually coalesce around 
a few approaches. 

The IIoT in manufacturing is 
in high demand, and is a growing 
trend. Security will also eventually 
grow to cover vulnerabilities, but 
the need is already here.  

The system solution to miti-
gating something like this is to 
implement secure boot for the 
main PLC CPU. This is a way of au-
thenticating the firmware and only 
accepting software that has a valid 
digital signature. Depending on 
the requirements, you could also 
encrypt the firmware. 

Security processing demands 
can easily overwhelm the MIPS 
of a traditional PLC CPU or even 
create latency issues. This is best 
done by off-loading the security 
functions to a low-cost, off-the-
shelf secure microprocessor that is 
built for these functions, as shown 
in Fig. 6. The system shown here 
uses an external secure micropro-
cessor to validate the firmware’s 
digital signature. 

All the above examples use 
keys to enable authentication, 
but this raises the question of key 
protection. Physical security of an 








