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Lecture - 30
Case Study 1 - Joule Jotter

So, now what we will do in this part of the lecture is; I have two very senior project staff
with me Abhirami and Zuhaib, who are working with me for sometime on a very pet
project of ours and that is related to a energy monitoring. So, let me go back and write a

block diagram for you.
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Joule jotter j o u 1 e; joule jotter is our case study and what is this case study all about we
are trying to show you a complete run through of the code base developed for this energy
monitoring hardware plus software developed in the lab; developed in the zen lab and as
I mentioned to you Miss Abhirami and Mister Zuhaib Ahmed were involved in this
project and are very passionate about this project. So, what does this hardware actually

comprise of this hardware I will just point you to this piece.
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Of hardware that was developed its still in prototype stage, look here what you see here
is a normal 220 volt plug extension box. Let us say there are many loads connected to
this extension box and you are interested in measuring the VRMS, IRMS power output
power factor all these related parameters of that plug point, you are interested in different
loads. So, loads you want to completely characterize the power consumption of the load
essentially you will end up with some time series data; how voltage varies over time,
how current varies over time, how does power factor fluctuate over time, how does

VRMS and IRMS look and all of that.

So, let us get to that slowly step by step, but before that let me point you to different
elements which is part of the product that was developed in the lab. So, what I can show
you here is that this is a basic from 220 it is a step down transformer, it has two tappings
one tapping is to provide what is known as a PT input. So, if you take transformers the
sensors which are required for measurement of these electrical parameters, you need
what is known as a PT. PT stands for potential transformer, CT stands for current

transformer.

So, this transformer that you see here has two tappings one is it works like a sensor for
energy monitoring and it also works as a transformer for powering the electronics the
electronics is here I will show you the PCB in a little bit detail what you see here this

component here is the c t which is the current transformer for measurement of all current



related to in order for you to get the current time series you need this in order to get the

voltage time series you need.

You need to get to the PT and the full electronics system is here let me show you again

this circuit this PCB against the camera and let us zoom in a little bit.

(Refer Slide Time: 04:14)

Let us try and zoom in a bit closer to see what are all the different elements which are
there in this board, you can see that this massive looking chip here a little more closer
please. So, this big one this big chip here is the micro controller this is MSP 430. So, let
me write it down for you. So, the controller of interest is MSP 430 F 5438A. Look at the
packaging information QFP package not QFN its QFP this is QFP quad flat package right
that is the chip here this system that you see here this is indeed the radio module this is
called CC 3000 for some reason this radio module gave us some trouble we will discuss
that interface to this radio module separately. So, just to complete the schematic capture
as we go along I will write MSP 430 like this and I will connect the CC 3000 through a

disconnected through a SPI bus right this is connected through an SPI bus.

And this is the radio module CT and PT are connected here. So, this is the MSP then
what else do we have on this board; obviously, it has to be powered. So, you need a
rectifier chip. So, you can see this is the rectifier chip then input AC input is fed through
here after stepping down in appropriate manner there is an LDO here, the LDO is here

LDO is C in and C out capacitors are here this is the C in capacitor this is the C out



capacitor let me hold it for you, this is the C in and this is the C out capacitors of the

LDO and what else.

So, these are the two channel inputs that this energy monitoring chip can do, which
means the inputs obviously, cannot go into MSP 430 because it is a controller it uses a
microcontroller system. So, I am actually going to replace this with ADE 7953 which in
turn is connected to the MSP 430 and MSP 430 u turn connected to CC 3000 and
CC3000 providing you the radio and this is an SPI module. So, you can see this is indeed
the right schematic as we develop the story we realize that CT PT have to go to a energy
monitoring chip from analog devices and this chip is again there is a requirement for

another I12C here.

Now if you are asked to choose this microcontroller you obviously, have to choose
something that can support at least 1 SPI and one 12C. So, right clearly MSP 430 is a
good choice for this because it does support these things this ability of having 12C as
well as an SPI bus, and this controller itself this energy monitoring chip itself will have
an internal controller which can several things for you; obviously, when you want to
gather data over an 12C bus this ADE 7953 will have a number of registers which you
have to configure for the purposes of calibration therefore, we should see that part of the
code how MSP 430 which is the controller of choice is actually able to pass commands

to ADE 7953 and configure some of the registers inside the energy monitoring chip.

As I mentioned to you our final working circuit for a long time although used to CC
3000 we then shifted out to support the radio communication over a very popular Wi-Fi
module called ESP 8266. So, this part was removed. In fact, it will continue to be there,
but you just do not use this all the data all after all the acquisition is done it is given to
this module over a u art code. Now if you ask yourself this question how will I choose a
controller, it is insufficient to say I need one I2C and one SPI, but I also need one u art
right. Now you also need sufficient amount of programming pins if you are interested in
using pins if you want if you do energy monitoring and you want to do an actuation, you
will definitely need a number of GPIO lines in order to control perhaps lighting load or

relays and so on.

So, a number of GPIO pins are also required. So, you have to choose a controller which

will support all these peripherals peripheral support as well as support for



communication over very popular Wi-Fi modules which is typically like ESP 1266. Now
I struck this off because this is a very early module from TI they have improved versions
of this chip although we did not want to change anything this was one of the first IoT Wi-
Fi module and it you know as the chip was not very stable we had to apply a number of
patches in order to ensure that it would work satisfactorily very soon what would happen
is it would hang. So, communication between the gateway and this unit by itself was
often a buggy situation. So, we had to shift to another popular one and indeed this is a

very popular IoT Wi-Fi module which we will try and see.

We can spend some time understanding. In fact, Zuhaib has spent considerable time
trying to tune this Wi-Fi module for communication. Essentially this Wi-Fi module
supports both Wi-Fi direct which is peer to peer Wi-Fi, and it also supports like a Wi-Fi
hotspot access point. So, it is a very popular one which is available for about 200 rupees
we should be able to buy it and it is a Chinese product I think from Shenzan and a very

popular module, but available locally. So, one could easily use it.

So, this is in brief the hardware let us shift quickly to some good aspects of this of the
software architecture of this of this module just to give you a feel of how one can
develop hardware products in a IoT how you can actually build IoT products for several
applications. In this case this is specific to the energy monitoring hardware all right. So,
you can see that you have to program this MSP 430 right. So, you need a J Tag port for
that, J Tag and on J Tag we use this tool called IAR work bench it is a very powerful you
know environment under which one can develop code for MSP 430 different targets are
available and for we have chosen MSP 430 as a target processor and this is available. So,

we have used IAR work bench for all the code development that is one part.

Then finally, what you also need is an android app right whereby users should be able to
hold a phone, and get their data not only get data, but also configure this their home
devices right because we mentioned that there are 2CT channels and 2 loads can be
connected home loads one could be a washing machine and the other one could be let us
say let me take a example in the kitchen that is much simpler one could be a mixer, mixer

grinder and the other could be a refrigerator fridge I will call it simply fridge.

Both these systems we want to monitor and you actually want to configure and say this is

the mixers joule jotter and fridge system that I have this is the complete system that I



have this system I will just circulate like this and say this hardware is for mixer and for
fridge you want to configure right. So, all of that you should be able to do as a end user
using a simple android app and that android app should be quite friendly you know and
those commands should be configurable through this Wi-Fi module. So, in other words
the Wi-Fi the smart phone which also has a Wi-Fi is used to configure the devices which
are connected. So, that is a nice that is another requirement in order to make your in

order to builds your IoT products.

(Refer Slide Time: 15:59)
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So, let us see how this acts the android app works with the joule jotter the joule jotter
android app. So, let us go there and click on it you will see that Zenlabs joule jotter app
opens, there are three possible configurations three possible options here configure leave
it a default and collect data and perhaps see data. So, visualize data let us go to configure
data and here you can see you can specify the Wi-Fi name that you want to, connect to
go down you can choose the Wi-Fi name right and let us choose ISCWIlan you can set the
password, you can set the sampling set the password to something there and then you can
set how many samples you need in one minute, let us say no you need every 20 seconds
this is every 20 seconds, you will get a sample of all the parameters that the chip can

monitor this is a so that means, you get 3 20 seconds you get one.

So, in 1 minute you get 3 samples of IRMS, VRMS power factor then average that is

peak power and other related parameters and then you can give the name for the two



devices you want to connect, you have device one which can be refrigerator, t v whatever
you want to configure and let us say microwave oven or a mixer. So, microwave oven
and mixer are mixer grinders are typically those which are inside kitchen. So, you just

type all that and then just press configure button.

It configures and then connects to the system and essentially passes all these parameters

onto the joule jotter piece of hardware.

(Refer Slide Time: 18:18)
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So, let us go back and look at how should we go about working with this joule jotter in
order to get our IRMS, VRMS, output power, power factor so on and so forth. The heart
of the hole joule jotter indeed is this chip called ADE 7953 you can see it is a single
phase multifunction metering IC, and it has a number of features you can see that it has
one of the important things it has less than 0.1 percent error in active and reactive energy
measurement, provided you do adhere to the datasheet in its proper manner in its proper

way.

You have to calibrate registers, you have to calibrate the equipment using standard
equipment you know to calibrate the joule jotter with standard equipment only then it
can give you assurances of 0.1 percent error. It also says that 0.2 percent less than 0.2
percent error in instantaneous IRSM measurement is possible again this always means
that you have calibrated the IC properly at the time when you boot the system you have

to ensure that you have calibrated correctly.



It has a bandwidth of 1.23 kilohertz for all its operation and you can use different type of
sensors including what is known as a Rogowski coil sensor for the measurement of

current for accurate measurement of current of course, this would mean that an

additional piece of hardware is required, but that is beside the point.

(Refer Slide Time: 20:13)
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ADE7953 POWER-UP PROCEDURE

The ADET#5) contains an on-chip power supply monior that
supervises the power sapply (VD). While the voliape spplid
to the VDD pin s beclow 2V 10%, the chip is in an imactive
state. Ohnce VD crosscs the 2 V' ¢ 10% threshold, the power
supply manitor kecps the ADET953 i an inactive itade fot an
addditional 1 ms. This fime delay allows VDI 1o rrach the
meinimum specifed operating voliage of 3.3'Y = 10%. Once
the mainimmum specified operating voltage is met, the imernal
circuitry is enablesd; this is acoomplished in approvimately

40 ms

O the start.up sequence is comphete and the ADET951 s
ready 1o peceve communication fros & microcontraller, the
et flag is et i the JREHRININN rogivter (Address 032200 and
Adkdress (h¥213). An external interrapt is triggered on the [RQ)
piss. The peset imterrupt is enabled by defusht and cansol be
disabiled, bensoe an eaternal itorrupt ahways occurs at the end
of & pawer-up procedise, hardware or software reset.

Clrsce the staft-up sequende b complete, commismication with
the ADET953 can bogin, Se¢ the Conmunicating with the

ADETY5) section for farther details

REQUIRED REGISTER SETTING

For opéimvam performance, Register Addness 0x120 mast be
conligured by ihe user afier powering up ihe ADE?953, This
roginter ensures that the aptimum timing configuration is
sebectid to maximine the acewracy and dymansic range. This
reghiter bs it et biy deflt and thus mast be written by the
st gach tinag the ADVET953 is powerd up. Regisder 03120 i
& prodected register and thus a key must be writien to allow the

rogistet i be modified. The following sequence should be

ellwrd:

& White DxAD 10 Regiter Address 0nFE:  This uslocks
the register 051 20

®  Wrile D30 1o Register Aduross (| 20: This configures the
olimum settings

Thie aberve fwo insinsctions mast be performed in ssccession o

be smccrsafil.

I is highky recommended that the reset interrugt is used by the
ith the

implemenied; L art-up vary part
to-par ansd arver demperabuare, a timeout of a least 100 ms is
recamminded. The reset imlerrupt provides the most elficient
wiay of monitoring the completion of the ADET9S) start.up
SUEBCE.

Let us now go to a very important part which is the register settings of this IC I want to
point you out in this datasheet to a register called IRQ stata. Now look at what it says
about IRQ stata once the startup sequence is complete and ADE7953 is ready to receive
communication from a controller microcontroller, the reset flag is set in the IRQ stata
register right. An external interrupt is triggered on the IRQ pin the reset interrupt is
enabled by default and cannot be disabled hence an external interrupt always occurs at
the end of power up procedure hardware or software reset. Let me show you in the code

the point where IRQ stata is actually this particular register setting is actually enabled.



(Refer Slide Time: 20:55)

So, let us go there to that part of the code as you can see this is IAR workbench, IDE let
us increase the size if required so that you will be able to see them a lot more clearly I
think we should show that a little. So, there you are. So, you can see that IRQ stata
register SPI register read 32 bits for ADE7953 IRQ status from current channel a right
there are two channels as we disrupt, IRQ stata A and IRQ stata B maybe the second one.
So, this is how you would actually write you would actually configure do a register

setting.

Let me now also point you to other important registers gone back to the datasheet. So,
what are we trying to do here you have to read the datasheet go back and implement it in

source code that is the key point here.
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As implicd by Equation 1, the s measurenent confains
infarmation from the fundamental and all harmonics over

a 1.2 ke mesusrernent hasdwidib,

The ADYETHSY provide rms measarensenis for Cusrent
Chansel A, Carnent Chanael B, and the voltage channe
simutancously. These measurements have s settling time af
approtimately 200 s and are updsted at & rate of 6.9 KHe.
CURRENT CHANNEL RMS CALCULATION

The ADEPYS3 provides rms measurements for bath Curvent
Chaniel A and Current Chasnel B, Figire 42 shows the signal
pakh for this calculation. The signal processing is identical for
Curreni Channd A and Current Channel B
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Figure 42, Carvent Chael RMS Sigal Processing

As shiwn i Feguare 42, the current chasnel AT outpit samples
e wsed o continially compate the . The i is achierad by
e pass filtering the: square of the output signal and then taking
square rond of ibe result. The 24-bil unskgned rms measanements
o Cusrrent Channel A and Carrert Channel B are available in
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VOLTAGE CHANNEL RMS CALCULATION

The ADE?953 provides an rms measurement on the vollage
chanmel. Figure 43 shaws the signal path for this caloulation.
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igure 1. Voliage Channel A Sgnal rocesuing
As shown in Figure 43, the voblage channel A output
saenphes are used o continually compuie the rma. The rms is
achievesd by benw-pass fillering the seare of the outpul signal
and theen taking @ square root of the result. The 24-bit unsigned
viltage chanie fiis casurement i available im the VRMS
register { Adddress 822 | C and Address 031 C), This pegister is
updated ol a rate of 6.9 kHz With full-scale inputs on the
veltuge channel, o VEMS resding of 5032007 can be expecied.
Pecause the |PF used in the rems stgnal path is not ideal, it s
recamminided that the VEMS register be read synchronoudy b
the e -covsing signial {sex the ero- Crossing Detection section).
This hels 10 stabilize reading. 0. reading variation by removing
b ffoct of any e ripple prosent on the rims measuromen!

Let us go to IRMS A as a possible as one of the other register setting. Here the IRMS a
register says that this is a 24 bit unsigned RMS measurement for current channel A and
current channel B available in this (Refer Time: 22:20). So, if you are interested in

reading IRMS from channel A you have to use this register the values stored in this

register.

(Refer Slide Time: 22:29)
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ADE7953

ROOT MEAN SQUARE MEASUREMENT

Rasot mean square (i) is 3 measurement of the magnituile
ol an ac signal. Specifically, the rmss of an ac signal & equal 1o
the amoust of de requised 16 produce in equivalent smoust
af power in the ks The s is expressed mathematically in
Fguabion 1.

T
RMS H,r!!';'m.lr

e tme-samples signals, s caleulation invelves squaring
the signal, taking the average, and obtaining the square roat.

ws= (L3 o
o :
s

As implicd by Equation 2, the rms meassrensnt contains
information from the fundamental and all harmonics over
a 123 ke meassrement basdwidib,

“The ADET#53 provide s messuremsenis for Curvent
Chansel A, Carrent Chansel B, and the vlage channel
simubtancously. These measurements have a settling time of

Now let us go and see. So, what should happen both of these registers are updated at

what rate at 6.99 kilohertz per second kilohertz at this rate they are updated with full

the [RMESA {Address (1A and Adkdress I} A) and [RMSB
{ Adlress (21 B and Address i1 B) registers, respectively. Both
ol thesé fegisters are updated at a rate of 6.99 KHz, With fisll-
scale inputs on Currenl Channd A and Current Channel B,
the expected reading on the IRMSA and [RMED regisier ls
W0

Because the LPF used in the rens signad path is not ideal, it s
recommimided that the IRMSx registers be read synchronoady
1o the zero-crossing signal (see the Zero-Crossing Detection
scctio). This helg to stabilize reading.to-reading vasiation
by removig the effect of any 2w ripple presend an the rme
measurensn.

VOLTAGE CHANNEL RMS CALCULATION

The ADET933 provides an rms measurement on the voltage
chaneel. Figuee 43 shows ihe signal path for this calculstion

2
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scale channel inputs on current channel A and current channel B, they expected reading
of IRMSA and IRMSB register is some value. Now let us go back and see what exactly

how exactly this is done in source code.

(Refer Slide Time: 22:59)

You can go back and see here that SPI read 32 bit for a d e i r the IRMSA read the
current value IRMS from current channel A. So, you can see data current underscore
current is equal to SPI register read underscore 32 ADE7953 underscore IRMSA right.
So, if you do this you are actually reading the IRMSA register this is a 32 bit register and
this 32 bit register is being read similarly you can be talking about IRMSB and so on. Let
us go and look at IRQ ENA.



(Refer Slide Time: 23:58)

5. This process
d Carrest

AENERGYA (Adelress 0x21E and Address 1 E) and
AENERGYH (Adddress S F and Adddress 0x31F) regiaters,
Testh stages of the accumulation are signed and. therefore,
negative energy is subtracted from positive emergy.

This discrete time sccumulation, or summation, is equivalent
10 Insegration in continuots tinse. Equition 10 expeesses this
relationsbi

B [Py = Lon| ¥ o)« T
P =Ly 3.

where
n is the discrete time- sampled rumber.

T s the samgle period.

The discrede time sample period (T) for the accunsulation
regisiers in the ADETP53 is 483 s (172069 kHu, This is
illustratid in Figure 46, which shaws the energy register
roll aver rates with full scale imputs

AENERGYA and AENERGYE are read- with-esed registers
by default. This micars that the contents of thise rrgisters are
reset 10 O afer a read operation. This feature can be disabled
by chearing Bit & (RSTREAD) of the LEYCMODE reghiter
{Aubdriss B0

The ADET933 includes two sets of interrupts that are lriggered
when the active energy register is half fall {positive or negative)
orwhsen an overflow of underflow condiiion oceurs. The first
st i inberrigpts s anscsciatod with the Carrent Chanad A sctive
energy, and the second set of interrupts is associated with the
Cugvent Channel B active emergy. These intervupts are disabled
by default and can b enabled by seiling the AEHFA and
AECEN bits i the [BEISA register { Address 0x22C and
Address Bx32C) for Current Chasne A, and ihe AEHFH and
AEOFE bits i the [RQEMR register {Address 0x22F and
Adiress i 32F) for Current Channel B

Active Energy Integration Time Under Steady Load

The discrete tine sample perio (T) for the accumulation
registers is 4.83 s (1/206.9 kH), With fall-scale sinusoidal
signals cn the analosg imputs and the AWGAIN and EWGAIN
registers set b0 (00000, a pubse & generated and added to

the AENERGYA and AENERG ers every 480 i The
maximsan pesitive vakae that can be stared in the 24-bil

AENERGYA and AENERGYR registers bs 07 FFFFF befose
the register overflnws. The iniegration time under these
condlitians can be cakulated s follows:

Let us look at IRQ ENA and let us see what actually this does.

T his is IRQ enable a right. So, these interrupts are disabled by default and can be
enabled by a e h f a and a e o f a bits in the IRQMA register. This is each this register
multibit register has a name for each bit position, a e h f a and a e o f a are two bit
positions in the IRQNA register right and that address is mentioned there for current
channel a and current channel b. Let us go back and look at these two IRQNA B in
source code you can see that SPI right underscore SPI underscore right underscore 32,

ADE7953 underscore IRQNA right and IRQNAB.

So, the big summary here is that you will have to look at the datasheet and accordingly
write your code in an appropriate manner and debug your code, let me point you to the
top extreme left here which says that this debugger that we are using environment
software environment tool indeed is the IAR embedded workbench IDE for MSB 430.
Your problem does not end here actually you have to do in order to accurate values and
try to meet the datasheet requirements you also have to do calibration of some of the

registers, that again is another document.

Now, let us go and open up that document and read this starting part of the document. It

says calibrating a single phase energy meter based on ADE7953.
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ANALOG W1
DEVICES APPLICATION NOTE

‘One Technology Way « P.O. Box 9106 : Norwood, MA 02062-9106, U.S.A. « Tel: 7813294700  Fax: 781.461.3113 : www.analog.com

Calibrating a Single-Phase Energy Meter Based on the ADE7953
by Alleen Ritchle

INTRODUCTION measurement simultaneously. It provides a variety of energy
mcasurcmients (ncluding sotive, reactive, and apparent energy
abong with current and voltage rms readings. A variety of power
qualiiy features, inchuding no load, reverse power, and a direct

This application note describes haw to calibrate the ADET953,
1t details the calibration procedure, including equations and
examples of how to caleulate cach constant

b power factor measurcment, are also provided. The ADET953 Gin
The AI¥ET953 is a high accuracy single-phase metering IC that be sccessed via an SP1, 1C, or UART interface.
allws bath the phase current and the neistral current 1o be

What it simply says is application note describes how to calibrate ADE7953 it details the
calibration procedure including equations and examples on how to calculate each
constant. ADE7953 is a high accuracy single phase metering IC that allows both phase
current and neutral current to be to be measured simultaneously. It provides a variety of
energy measurements including active reactive and apparent energy along with current
and voltage RMS readings. A variety of power quality features including no load reverse

power and a direct power factor measurement are also provided right.

Let us see; what are the calibrations that you have to do down below if you go and

browse through this document.
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Depending on the external configuration and meter class,
one or more of these dages can be omilted.

Tabde | provides guidance on which calibrstion steps are
typically required for a particular configuration. Because the
requirements and performance can differ on a desipn-by-design
Busis, only use this table as a genoral guideline. The performance
of the meter shiuld be evaluated to determine whether any
additional calibration steps are required.

CALIBRATION METHOD (CF OUTPUT OR REGISTERS)

The ADET953 can be calibrated by cither reading the internal

AL A1 AT BY & TT0r of e LFXURN register.
ChxOuiput (Ha) = VCFxDEN x Energy Register (Updite Rate)
The decision of whether to calibrate using the CF or energy
register depends on bath the application and avaslable calibeation
equipment (see the Calibration Setups section). If the meter
e fication Feiinfes calibeation o a p.-lllw|-|r Aelet Comstaql,
the CF output pin is typically used. If the CF output pin is not
etz used and o meter constant is specilied by design, the
register may be a more convenient methos. Calibrating the energy
regiiters results in accurste readings on the CFoutput pin and
wice versa. foth methads result in the same level of acouracy.

encrgy registers or measuring the external CF sutput pulse. The
relationship betweoen these two measunements i shown in Figure |

Table 1. Typical Calibration Steps
Calibration Stage Typical Re
Gain Calibeation
Phase Calibration

It is always required

When using a CT, it is aften required.

When using a shunt, it s nat always requined.

When looking for high accuracy over a large dynamic range, it is often required
It 5 ricd wsuially required for 8 athér méter désigns.

Offset Calibration

Gain calibration phase calibration and offset calibration are the most important things
here. So, gain calibration as it says it is always required, phase calibration when we are
using CT in which case we are it is often required, and when using a shunt it is not
always required. Offset calibration perhaps when looking for high accuracy over a large
dynamic range it is often required, it is not usually required for all other meter designs.
So, in a way offset calibration may not be so critical when you are measuring pluggable
loads smart in homes, but gain and phase calibration definitely you have to do. Let us
now go back and look at the source code and look at these calibration resistors which are

done in the source code.

Let us look at gain calibration to begin with. So, you can see that gain calibration is ya
you can see here i calibration v calibration are all part of the; i calibration has a has a
number there which you have to prime into the register, v calibration also has a number
and these two numbers are actually available from that other datasheet that we went to
and these are configured here. So, gain calibration phase calibrations are important and

they have to be done.
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ESP8266EX
Datasheet
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Let me introduce you to this very exciting chip this is called ESP 8266 EX and this is the
Wi-Fi module that we have used in our joule jotter hardware, after we bypass the existing
CC 3000 Wi-Fi module right because it was buggy and so many other issues were there.
This ESP 8266 actually has complete t ¢ p i p stack embedded stack running on it and its
some of the good features of this chip are that it supports standard Wi-Fi protocol 802.11.

(Refer Slide Time: 29:37)

21, STBC, A-MPOL and A-MSDU frame aggregation and

| =y

Many versions b g and e i and all that it does Wi-Fi direct peer to peerm support it does

peer to peer discovery, you could have it as a group owner or as a group client in this



peer to peer mode, it can work as a in the infrastructure mode it can be configured as an
access point and it has security beautiful security features CCMP CBC MAC TQ CRC
all of that which means it is indeed a chip which is a embedded chip embedded module,
but very powerful has all the security features embedded net and it is as I mentioned
already has a TCP IP stack running on it, it is just not working for not just working as
either peer to peer Wi-Fi direct access point, but it can also be used for range extension

purposes which essentially is for repeater functionality.

So, many nice features are possible on this using this module so; however, look at the

before we go onto that.

(Refer Slide Time: 31:07)

1.2, Main Technical Specifications

Taisle 1:1. Main Technical Specificatiors

Categories  Mems Praf et

Let us look at the r x sensitivity receiver sensitivity it is down to minus 91 dBm if it is b,
if it is g it is minus 75 dBm and n is minus 72 dBm. So, and it works in this nice voltage
range operating voltage range is 2.5 to 3.6 all right. So, essentially as I mentioned it is it
has support for embedded TCP IP stack mainly it supports IPV 4. So, that is perhaps one

limitation of this system.
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1.3. Applications
& Home Applances
* Hom

And newer modules with IPV 6 stack are also expected to come nice applications
possible home smart plugs lights mesh network baby monitors IP cameras sensor
networks and so on. Really a good Wi-Fi IoT module for several application many many
YouTube videos are available for this very exciting ESP 8266 Wi-Fi module; however, if
you put it into the framework of what we did in the joule jotter prototype hardware, we
now ended up with another type of you know IDE framework which essentially I want to
draw your attention to this screen which is which essentially talks about the Arduono
IDE right.
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So, it is. So, now, you can see all the ADE configurations that we did earlier used IDE
used IAR work bench for configuration, and only for the purpose of configuring the Wi-
Fi chip we had to shift to the arduono IDE. Now there is something interesting that we
have configured this chip and trying to use its power, if you cold start the joule jotter I
mentioned to you that we need a android app for configuring several parameters right
and that essentially means you are in the soft AP mode the ESP module is put into soft
AP mode and users can type in the parameters of interest like device names sampling
rate and all that you can use it you can use this ESP in the hotspot soft AP mode soon
after the configuration is completed the module joule jotter module can connect to your

home gateway can your connect your home gateway access point.

In other words you can shift between very seamlessly you can shift between the soft AP
mode and client. I just want to show you that piece of code which will allow us to which
we have written developed in the lab which will allow you to move between the two. Let
us first expand the screen such that there is some legibility in terms of the mode that we

want to show that is between soft AP and as a client.

If you look at that setting which has been marked in highlighted part the Wi-Fi dot soft
AP are not able to show you clearly if it can be expanded configuring as access point,
you can see that it is actually being configured as the soft Wi-Fi soft AP and so this is the
mode in which users can fill in all their parameters from a end users perspective then it
can also be configured for the client purpose and that part indeed is perhaps another
method which the lab development takes place and this is the method to connect to a Wi-
Fi access point as you can see right here it is called void Wi-Fi and then this particular

thing indeed connects to the SSID perhaps announced in your homes.

So, very powerful, interesting chip IoT chip Wi-Fi chip for several applications.



