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Early First steps
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1 actually ended up utiizing all analog and digtal pins of the Arcuino Pro Mini. So new i try o connect '

.
everylhing together using jamp wires It will be quite a mess Therefore | cesigred a custom 2CB usingthe 48 ArdUInO
EasyEDA fres cnline circut design software, 8

PCB Design

Here | took irto consideraton the ergonomcs of the controlle and designed itto be easily held by tvo
hands, while all controls are within the range of the finge’s. | made the edges round and adced some

s 0 IMprOve user experiorce. BY Usig our websie, You 8giee 0 0ur s ofco

Hello friends, I will start where I had left of last time. So, if you remember here can you please
show this? I am sure some of you are familiar with what this item is. This is taken directly
from one of those, what you call websites. This is a printed circuit board. Probably, schematic
capture and layout software, why I have taken it is here is an illustrative example, which I am

trying to walk through with you which shows how people go about their things.
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And you see here, you remember all this? I had already shown you all this things earlier, saying

somewhere we need to start about it, probably have a schematic capture what I call software.
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In tutorial ve wil learn how to buld a DIY Arduino RC lransmiter. Very ofen | need wirsless controlfor
the projects that  mate, So hzrefore | buitthis mutifunctional radio controller vheh can be used for
pretty much everything.

® iy

Arduino RC
Transmitter

LATEST

Overview

And now comes the other thing; which comes first, do we have the egg or the chicken or the
egg syndrome. So, I think you can read it by yourself; it is a Arduino RC transmitter. Why I

wanted to show you this is there using the standard Arduino chip, but trying to built things

around.
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two versions of the Arduno Pro Mini, ke the one | have that operates at 5V and the other operates 2t
33V

FOLLOW NME!

Join My Newsletter!

Get nctified wher | publish rew projects and
tutorias straight o your inbo.

Enter you emal

SUBSCRIBE
On the other hand, the NRF24L01 module strictly needs 3.3V and it's recommended to come from a

dedicated source. Therefore e need to use a 3.3V voltage regulater which is connected to the bztteries

and convert the 7.4V 10 3.3V. Also we need to use 2 decougling capacitor right next ‘o the module in order

to <eep the voltage more stable, thus the radic communication will be more stable as well The NRF24L01

So, I think you know you can probably go around and see and all that. Probably, the very
starting point of all these things you know is this it is a it is not a full pledged what shall I say,
regular schematic diagram neither it is a what you call full layout of a this thing on a
breadboard, a breadboard will be much wider, while schematic diagram is more of the higher

level.

But, what you notice here is that everything is already nicely logically split into sub systems.
And for a little bit of convenience sake they have made things look a little like how the final
what you call the layout is going to be. So, you see here there are buttons there are buttons

and right now you know I will not talk about it, probably it is a joystick.



And there are something here for may be more buttons and then you have a something here
and so on probably, for the; so here see most important you have seen this here the something

needs 3.3 volts and recommended come from a dedicated source.
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On the other hand the NRF24L01 module strictly needs 3.3V and if's recommended to coms from a

dedicated source. Therefore we need to use a 3 3V voltage reguiator which is connectad to the batteries
and convert the 7.4V to 3.3V, Also we need to use a decoupling capacitor right nextto the module in orde”
to keep the valtage more stable, thus the radio communization wil be mcre stable as vell. The NRF24L0°
module communicates with the Arduino using SP! protocol, while the MPUB0S) accelerometer and gyro

module uses the 12C protozol.

Yau can get the comporents needed for this Arduino Tutorial from the links below: k

« NRF24L01 Transceiver Module... Amazon | Banggood

+ NRFZ4L01+ A+ LNA Amazon  Banggood
+ Polertiometer Amazon  Banggood

+ Senve Motor Amazon | Banggood

+ Toggls Swich Amazon /Banggood

o Joystick Amazon | Banggood - this Joystick comes with a

breakout boar 5o you wii have o desolcerthe Joystck fo it

« Joystick withcut breakout board Ebay

T wedsit Uses CO0KiE 1 TV User @Xparerce, By Usng our websie, 10U agiee o our Use f cockis.

So, somewhere you have to take a decision and get into this PCB Design. And again once
again this PCB design is very much dependent upon the layout of the final project, what
should it like to have.



(Refer Slide Time: 03:58).

[H DY At BC Teaammill B M CY Ao B

C O i | GErkidngyidely o Dirbie s AR prortedeld SiHorToblecabony el

Aithare W ¢0 alsd

Piere's a bk o the progect Mes of fa PCB design. 50 once | nshed e design, | generatied ine Gerber
Wy eaded e maviataziurng e PCB

i i

[t DY Aduing baved RC Tranimities PR Geitss
|

Then | ordeved the PCI

o JLTPCE whach are 2

P apoeaar of fes vdeo




(Refer Slide Time: 03:59).

[nw»m»wc Tesall W ] O dechion B T

C O i | GErrhidngyidsly o Dir s AR ool SiHorTobleabory el

iy g v o Coaoee Ml 45 9 SIS, i £ v ol PCB i 4
Charet vipwar.  wvnryhing i all right then wa a0 go0 & 902 et the properies that we want for tsr
PCE. Thes beme | chose e PCB color fo be black. And Fafs £, now we can smply order owr PCE 2t
FSaRARIS prick Motk Il 1) 0 vt oeser o JLCPCE, o 248 it ug b5 10 PCB v sy &2




(Refer Slide Time: 04:01)

l'ﬂ DIY Arduino RCTransmitt: X M DIY Arduino RC Trarsi

C O Fie

TORIALS HOW IT WORKS [PROJECTSH LEARN TOOLS

B S

ot v Tt

And here it is. | just really love how ths PC3 turned out in this black color. The quality of the PCB is great,
and everything is exactly the same as in the desgn.

A ———————
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Assembling the PCB

Ok nawwe can move on with assembling the PCB. | started with a soldeing the oin heacers of the:
Arduno Pro Wini. An easy and good way ta do thatis to olace them onto a breadaoard and so they will
stay firmly in place while soldzring,

The Pro Mini also have 2ins on the sides, but note that these pins location might vary degending on the

manufacturer

So, there are some you know saying how to layout at and all that finally, at this moment let me
say it is just of the PCB is ready, I will not go beyond that though I have use the concept
saying it is a printed wiring board. It is not so much as a circuit because a circuit itself refers to

now; we have devices which we can be build directly into the substrate.

So, there the circuit becomes what equal embedded in this. In this case it just a connection
board. Now, if you see carefully here know, you see here we have 2 potentiometers some
knobs and these are the joysticks. And then you have something else also here you have seen

this, there is a small connector and then there is a antenna for this.

And this is probably the main chip because you can even see a crystal and then important thing

once again is, something which we love to hit power supply and we end up with monstrous



batteries and then there is a battery holder. If you want these batteries to be changed, you need

to have a battery holder else, you need to build it into this.
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‘The Pro Mini also have ins on the sides, but note that these pins location might vary depending on the
manufacturer.

For the partcular model that | have, | need 5 pns fr each side, while avirg one GND pin empty
because | used its area below on the PCB for running some traces. | soldered the Arduino Fro Mini
directly onto the PCB and cut the exess lergth of the headers. Right naxt to it goes the MPLB0S0
accelerometer and gyroscope module.




(Refer Slide Time: 05:49)

C OfFie i i 3 i v 0

HOME  ARDUINO PROJECTS TUTORIALS HOW IT WORKS SPROJECTSH LEARN TOOLS

For the partcular model that | have, | need 5 pns fr each side, while avirg one GND pin empty
because | used its area below on the PCB for running some traces. | soldered the Arduino Fro Mini
directly onto the PCB and cutthe exess lergth of the headers. Right next to it goes the MPLB0SO
acceerometer and gyroscape mode

Then | soldered the 33V valtage regulator ith a capacitor next f f, and another capacitor near the
NRF24L0" module. This module have three different versions and we can use any of them here.

Now, you see here there they have given here we need to insert one of this subassemblies and

get the thing ready. This is you know partly ready.
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‘Then | soldered the 3.3V voltage regulator with 2 capacitor next fo i1, and another capzcitor near the
NRF24L0* module. This module have three different versions and we can use any of them here.

1 continued with he pins for programing te Arduino, the RX and T pis, the power supply pins and the
pever swieh

So, we see here that is a, what we call one of them is regulator thing and then after that we
have a capacitor then we have the near the module and so on here, now all these things

sometimes come after the first iteration.
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I continued with the pins for programming the Arduino, the RX ard TX pins, the pavier supply Fins and the
paver swich.

Next for soldering the potentiometers to the PCE | had tc extend their pins using some pin headers.

We can note here that | previously cu: the length of the knobs so | can praperly fit some caps onto them.
However, we will solcer the patentiometers to the FCB a bt later,
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Then linserted and soldered the two loggle sitches and the two oysticks in place

Finally what's leftis to solder the four push buttons. However they don'thave the proper height, so again |
used pin headers to extend their pins a litle dit

S ———

So, this of course, it is a matter of detail saying you know, how do you put things there and so
on. And then, you see here the most important thing here is the equivalent to a joystick. And
then we have a push buttons, which are required for other controls. So, eventually everything
is ready. Now comes the other thing for the first time when you want to try, what you would

like to do properly is saying is it possible for us to put a cover on that ok.
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S0/ marked CB shape and using a metal hand saw | cut the acryle according to it

“Then using a simpe rasp | fine-tuned the snape of he acryic. The e plates came out great and they
perfectly matzh wih the PCB.

CTTTT—

For various practical purposes for you to do the first iteration, what this people have done is

he is now showing you how to trace the printed circuit board directly on the into a transparent

shape.

So, in this case it looks like it is one of those PMMA acrylic sheets. So, it just he is tooking a

he is taking a what a call felt pen.
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Then using a simple rasp | fine-tuned the snape of he aeryic. The o plates came out great and they
perfectly match with the PCB.

T —

And you see what he is doing? He is just taking a small plates there is a small plates and
eventually filing it off. Why I have shown you this is, as of now even today probably this is
how things are done, at the first iteration it is not worth directly going away for a very
sophisticated, rapid prototyping what you call full-fledged setup, you see here even

transferring the holes and then you see, this is where know the critical part of it comes.
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For the openings for the toggle switches ard the patentiometers | used 6mm dfill, and ‘or the joystick

openings | used 25mm Forstner it Again, using a rasp, | fne-tuned al the opsnings.

derce. By using our websie, you agiee lo our use of ookies

If we had followed as scheme which I am going to suggest, we could have probably avoided
this step. Saying, directly when you made the printed circuit board layout, there is something

called a DX of file that can be extracted from this? You see here a DX of file can be extracted.

And when you extracted DX file, you see this round circular outline, and then you say we
have round circular outline they have this switches all this things, can directly be printed to
scale. Why I chose this is you can probably avoid taking this partly assembled printed wiring

board, and unnecessarily spending time on it.

So, for illustrative example this is could I am not saying this is the wrong way of doing it this

in fact, it is an extremely good way of doing it because, it shows how things are built. But, in



your case what I suggest is, after you make this printed wiring board, you say this there

generally a component outline marking ok, legend marking layer, a print.

You can probably extract DX of file from here and get the outline and if you print all of them
in your printer to a scale same scale. Generally, there is not a big problem plus or minus 0.2
millimeters we can go ahead and cut the things. So, that this whole thing about you have seen
this know, this part about tracing it and trying it to you know you understand know this part

of it can be avoided. But, then there is no issue about it all.
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Ok now we can start with assembling the cover. | starled with seeling aﬂll\we protectve fol from tre acrylic

which | must admit was quite saistying because the acnlic was so clean now. So fist secured the two
petentiometers on the top plate, inserted the 3mm mourting bats and placed the 11mm distance fings in

place.

And then you see this is we could have directly jump to this layer, and you see here where
coming to how to assemble a acrylic cover on top of it, it is very easy. And this is where you
know probably your creativity and learning by not by trial and error improving on what has

been done earlier.



You will notice here that this while acrylic is insulated, there are its alarming to see conductive
screws everywhere, because unwittingly we may go and place a conductive spacer on top of it.
So, while making the layout it can be made into island zones which should not be extended

upon or if it is going to be tied, you should remember to put an insulating washer.

So, you get washers in all materials where you loosely something called the; what you call
various types of phenolic washers are available. And you just have to select a proper one and

the only disadvantages often, those spacers and washers may extend beyond the board outline.
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Next on the back plate | attached the battery holder using 2 bolts. | inished the cover assembly by

securing the back plate to the back side ofthe PCB using the four mounting bols.
P e ) e—, =
9

1

O ——
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Next on the back plate | attached the battery holder using 2 bolts. | inished the cover assembly by

securing the back plate to the back side of the PCE using the four mounting bols.

So, here they have shown something you know, again I told you know the irritating part of it

is the power supply. There is no simple way of getting rid of the power supply.

However, in the second round when we make it, it is very much possible probably to replace
this whole thing with a single flat lithium polymer pack. Typically lithium polymer packs are
small and it is very much possible for us to look for the proper thing and only thing is you have

to be careful on, how will you try to charge them.
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Finaly, we can attach the batery lines tothe power suply oins, nsertard secure the knobs on the
petentiometers, insertthe joysicks knobs and attach the antenna te the NRF24101 module. And thats .
we are finally done vith the DIY Arduino RC transriter.

' »
|

What's lefl nowis fo program the Arduino. For programming a Pro Mini board we need an USE to seria
UART interface which can be hcoked up to the programing headzr located on the top side of our
cantroler.

So, you see here after finishing this, see here one more nice interesting thing, this is the RF

portion of it.
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UART interface which ¢an be heoked up tothe programing headir located on the top side of our
controler

Then in the Arduino IDE tools men.) we need to select the Arduino Pro or Pro Mini board, select the

proper version of the processor, select the oort and select the programming method to “USBasp”.

agioe 0 our use of cockies

So, we have a antenna here and there is something called a programming header here. This
programming header through all this you know we need to finally, load all this things and your
project is ready my of course, I am not going to you know talk about this things, but you see
here that you are seen here, its looks like this runs this small I do not know, what I call it just

you know trial device and then all the other things are explained here saying two joysticks.
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And we have a 2 potentiometers then there several toggle switches, then we have a

accelerometer then we have the transmitter and then we have the amplifier plus these things.

So, in the end, what started here? We have a fully working PCB. I thought, I will just stop it

here and try to go back to our thing what we can do.
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Perhaps you remember yesterday let me locate. Yes, I have started with a what I thought was
a very exotic and beautiful remote controller and the whole thing has been I do not know
which program anything else there, but this particular coloring and all these things you know

were done on a free Autodesk Pixlr editor. Because the colors come vivid and it is very

interesting and nice to say them, say if a little closer.
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Its exotic just for the fun of it, I have randomly picked one side of the remote is suppose to
look like this. The other side of the remote instead of this 8 buttons this has only 4 buttons, it

suppose to look like that. It all if you remember you know it all started here.
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And then eventually other variants are also worked out. Why? As trying to show you this is
now you see here in case you want you add any meaningful graphics and key; what you call
designations, you can use any of the existing tools which are available for you. All you
probably need is a I mean any old laptop and then you come here you beautifully have, you
can add as I said this only a not a great (Refer Time: 16:33) this thing, it is not I am not; this is
not going to talked you about how to make a any meaningful product its more to do with,

what is just lying around.
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You see this, this remote is the one that has been picked up from the our thing what we have

here. See this it still is complicated, very complicated ok.

Now, they call it universal, I will just show you I will just bring it from there and just show
you. It is complicated, have you noticed? Now, there too many things, there just too many
switches and I really do not know all I have here is a huge monitor. In fact, it is a monitor wall

and I there not press anything here. For one of the things simply it says video source.

If I mistake, if I press the video source, finish all my picture is gone and I cannot get back at
all. Because, I have to probably scroll through to what you call RCA inputs and then two
HDMI inputs plus we have a satellite link plus we have a regular cable and likely this does not



have often there is also a small, what you call optical link also. So, this is for too complicated

to be of any practical use.

Now, if you look at my presentation see here. May be what are all those buttons doing there? I
am not very sure what the buttons are doing there, too complicated. Seen this and there is
something I do not even know, what it means and there is something which I am not sure,
what are all the functions which are there like that, hence my think saying, why do not I make

a simpler remote control, this is where when started this.

(Refer Slide Time: 19:50)

My colleague was a professional artist and model maker. He is just trying to demonstrate.
What has been done is we have just taken a print out of the that device which I have shown
you and just kept it on a flat sheet, of course, he has that special cutting sheets and there we

are, and the next one.



So, you see here my colleague nicely laid out everything and he used a where possible, he has
used a straight edge and all the straight curves are done here, after that he has just used what
you call X-Acto or art knife cut all around and then you have there, this beautiful thing getting

ready, you have see here.

And the only disadvantage here at this point is where we I have learnt by hard error this
particular photo paper which I have picked (Refer Time: 21:10) stiff enough. And there is no
way we could you know what you call attached cardboard and all that. So, it looked a little

flimsy.

Now, this is where the actual critical things come. Have you seen here at the back we have a
graph sheet this one is a millimeter graph. So, I have intentionally I have what you call aligned
it to one side. Now, I can just count all the what you call various items and see how accurate it
is towards my the original concept which I have taught about. Why this is required is, we have

this issue of should we make it top down or inside out approach.

In the case of a top down we just make the what you call this whole concept as we expected
to be and in the case of the bottoms up approach we have a standard what you call component

layout, probably, which is a reference design which is supplied by the manufacture.

So, something in between by which you probably need to make a layout and make all this
things, we come to all this things, can you see here. One side of my concept compare to the
earlier remote control, one side is going to fully concentrate about in a room, the display what
we have. In the case of the display it can be a television set or it can be an over head projector

or now these days so, many more items are there.

So, one of the easiest thing you can think about is, probably you have seen the Apple TV box
or you have seen the various type of cast devices. One of the early cast devices probably

Chromecast, then you also have Amazon Fire Stick and so many other variants.



So, this particular what you call remote we will control all those thing. Hence, all these
buttons, what does these buttons do? You have to assign them. You decide whether one of
them is for the what you call devices which will take care of the input of your display, and I
said that display can be very simple display like a TV or it can be a thing, which students often

use like we have a projector and you have a power point presentation which is there.

So, this when I say see control can be handed over to that then, this is where my colleague is
now trying to what you call assemble the device as we expected to be assembled. Of course,
there was an error, everything does not well you know work well the first time. So, that is

how they we have you know Bespoke shoes, tailored cloths and then designer everything.

So, you see here there are some unwanted spaces here, while at one level it looks fine, to get it
in to the shapes till takes a little bit of work. So, you have here a full fledged what you call
remote in one side you can say what it is, the other side it shows the feel you have in your
room. In this case the feel can be the ambient temperature control, typically the heating or the

cooling.

Or these days we also have the lighting, you can have lighting change color and so on. And a
little related to do it is the music and various types of things, which you do not need to look at
it, you can do some other activity and you just have a proper ambient, instead of calling it
ambient; I have just roughly called it there. So the other side of the PCB is see something and
this side of the, what you call my remote is something to do with how it feels to have the

remote.

So, I will now stop here and try to get back to where I had started earlier, this what I was
looking for. This is the printed wiring board from the that schematic which I have shown you
ok, let me put it the rendered module which I showed you. Now, we come to this, so we start

here and go up or we start there and go up. In my case; obviously, both are important.

Since this is a fairly standardized unit, it not impossible for us to put all these things where we

want. So, you see the other side of the; I think I will add it later. So, the if you see the other



side of the printed wiring board, we have the various types of tracks and we can just rearrange
everything. You see here at one side you probably have on the other side of this, I am not able
to locate the picture, you have the tracks meant for various types of just like in this picture, if

you remember we had the display then you have these are the key pads.

(Refer Slide Time: 27:44)

So, you can now in fact, probably do a cut and paste job and make a PCB layout based on the
outside the model which I have made. Which I feel it is a very useful and slightly different way
of making things compare to earlier way of doing, what you call things in a got it here, you

have a look at this.



(Refer Slide Time: 28:28)

You have seen here on the other side these are all the keys. So, probably you can take one of
these traces from here and probably copy those, what you call the tracks which we have the,
what you call plus and I am sorry high and low what you call tracks. And then place them
wherever you want directly under the layout of the cardboard remote, which I have shown

you.

So, in that you have here probably this one goes to the infrared LED on the other side. While
this other case and all are you know I do not know how where they come and what is the

thing you see here finally, I got it here.



(Refer Slide Time: 29:27)

Somebody has opened what looks like a we have a beautiful remote, which is suppose to join
together, I do not actually know about the what you call the devices, but I have here nice
wiring board and circuit board which goes into this enclosure. And you will also notice that

there is a opening and on the side there is one more they call input, output board.

And on this side, we have the important thing saying we have 2 keys, then you have place for
2 batteries and then I mean two shells to make a battery. And then you have the whole they

call your construction ready.

So, my suggestion is that one is a readymade of the shelf part of some system somebody has
bought but if you were to make it and you want to avoid getting into multiple things which are

not that useful, this we have seen earlier.



(Refer Slide Time: 30:59)

We can, where we can avoid all these things we should follow that sequence or start with a
reasonable layout, get gather all information about the components and take a graph sheet
arrange all the various components on the graph sheet. And in case you do not have
components if you have been seeing my earlier pictures, one of the things you will notice is

that the outline mechanical drawings are available everywhere.

So, you make decals to scale. As I said usually there will be a tabular column in one corner,
which will tell you what is the height what is the mounting and all that make a decal which is
exactly representing that. Now, you can play around all this like a jigsaw puzzles, try various

options and whatever is best that can be done at that point.



(Refer Slide Time: 31:55)




(Refer Slide Time: 32:00)




(Refer Slide Time: 32:03)

(Refer Slide Time: 32:05)



You can always attach it to them and get your beautiful bold ready, without any problem you
will have things like this. You see here; obviously, it has gone through several iteration. This is

from the remote control or equivalent remote control what I have shown you.

Now these are the 2 sides of the printed circuit board. On the top side, for every button here
you will see there is a corresponding pad here, contact pad. And usually, in the earlier

technology there used to be a button in which there used to be a conductive pad.

So, this conductive pad goes and sits on top of it, it makes a connection. The only thing what I
want you tell you is a general purpose device like this first of all is cheap and very good, but
however, a little confusing for the user. Now you can always make something on your own,
use all this, whatever you can and then use all this see, whichever functions are most useful for

us, and try to build on these things.



(Refer Slide Time: 33:10)

So, I will stop here and we will continue again next time with a actually little more of a
physical example. So far, I have cover 2 things, one is saying, how to use the printer which
you have at home and make nice prints as per some concept which you will like to have. And I
have shown you what is a; you know somewhat possible unit which can be used in real life.
So, we will meet again in the next lecture, hope you will look around a various things you
have in the house said like to have. One of the starting things are for example, that remote

control what you have for the TV, I think it is not correct to disturb it, just leave it there.

However, you have to have ambient control like you know you have the air conditioner that is
cooler and heater then you probably have a remote fan. Then you have lights all around the
house and then, often you have probably have a small device which is an a FM Radio or some

audio device in which you can get music.



So, imagine a product which you would like to make, a small remote control which other than
the TV, you are just lying around and you can do everything else in the house. Except of
course, meddle with the things in the kitchen, it will not be a great thing if you block the
kitchen.

So, generally it is very rare for the kitchen gadgets to have any of this remotes except, the
chimney and these days some of the chimneys are also built along with the microwave, we just
sits on top of the hob, we have a hob and top of it you have a microwave which incidentally is
the chimney and it has both options; recyclates and it also exhaust plus you have lighting on
top of it. Why did they make it? I have no reason, but that it is very popular in all the cooler

climates.

Probably it also helps in you know saving a little bit of heat and in case you want to have a
keep warm function it is good. Some of those devices do come with a remote by which you
can you know make the noise less, you can switch on the lights and probably you know start
the microwave carousel, but it does not allow the main baking or grilling function via the

remote, that you have to do by hand.

And then basically you have the cooking range, so you have a gas range or you can have a
various types of ceramic short glass range or anything usually underneath that directly you
have a huge oven. So, in those ovens they try to make the other things. So, concentrate on
making that, making a think about a small remote which you use for controlling things around
the house other than the TV. So, thank you. I will stop here. We will try to continue the next

time.

Thank you.



