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PHYSICAL COMPUTING WITH RGB LED
Today we enter a topic in programming called
embedded computing with the internet; we code a

RGB LED light on a Arduino board with a breadboard

on which we switch off or on the light by a browser
on an android device with our own web server and
their COM protocols too. Hope you did already work

with the Starter 1 till 17 (especially the 17) at:
http://sourceforge.net/apps/mediawiki/maxbox/

Arduino hardware is programmed using a Wiring-
based language (syntax and libraries), similar to C++
and Object Pascal with some simplifications and
modifications, and a Processing-based integrated
development environment like Delphi or Lazarus
with Free Pascal.

Current versions can be purchased preassembled;
hardware design information is available for
those who would like to assemble an Arduino by
hand. Additionally, variations of the Italian-
made Arduino — with varying levels of
compatibility — have been released by third
parties; some of them are programmed using the
Arduino software or the sketch firmware.

The Arduino is what is known as a Physical or
Embedded Computing platform, which means
that it is an interactive system that through the
use of hardware, firmware and software can
interact with its environment.

This lesson will introduce you to Arduino and the
Serial communication (see Tutorial 15). We will
now dive into the world of serial communications
and control our lamp from a browser to a web
server by sending commands from the PC to the
Arduino using a serial monitor with interface.

In our case we explain one example of a HTTP
server which is an intermediate to the COM serial
communication with the AVR based micro
controller on Arduino.

Another Controller is the Delphi Controller. A
Delphi Controller and the DelphiDevBoard were
designed to help students, Pascal programmers
and electronic engineers understand how to
program micro controllers and embedded
systems especially in programming these devices
and targets (see links at the end).

This is achieved by providing hardware (either
pre-assembled or as a DIY kit of components), using
course material, templates, and a Pascal
compatible cross-compiler and using of a
standard IDE for development and debugging
(Delphi, maXbox, Lazarus or Free Pascal).
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Let’s begin with HITTP (Hypertext Transfer
Protocol) and TCP. TCP/IP stands for
Transmission Control Protocol and Internet
Protocol. TCP/IP can mean many things, but in
most cases, it refers to the network protocol itself.

Each computer on a TCP/IP network has a
unique address associated with it, the so called
IP-Address. Some computers may have more
than one address associated with them. An IP
address is a 32-bit number and is usually
represented in a dot notation, e.g. 192.168.0.1.
Each section represents one byte of the 32-bit
address. In maXbox a connection with HTTP
represents an object.

In our case we will operate with the local host. It
is common for computers to refer to themselves
with the name local host and the IP number
127.0.0.1.

GET THE CODE

As you already know the tool is split up into the
toolbar across the top, the editor or code part in
the centre and the output window at the bottom.
Change that in the menu /view at our own style.

In maXbox you will start the web server as a
script, so the web server IS the script that starts
the Indy objects, configuration and a browser too
(on board: Options/Add_ons/Easy_Browser/.
[Before this starter code will work you will need
to download maXbox from the website. It can be

down-loaded from
http://www.softwareschule.ch/maxbox.ht

m (you'll find the download maxbox3.zip on our
website in your personal download area). Once the
download has finished, unzip the file, making
sure that you preserve the folder structure as it is.
If you double-click maxbox3.exe the box opens a
default demo program.
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Test it with F9 / F2 or press Compile and you can With these tools you can build serial
open now the script example: communication apps easier and faster than ever.

443 webserver arduino_rgb light5.txt First we start with the web server and second we
- - - explain the COM port. After creating the object
If you want to get the whole package with Arduino | we use first methods to configure our server
sketches too, then try the zip-file: calling Port and IP. The object makes a bind
http://www.softwareschule.ch/download/ connection with the Active method by passing a
ardpac.zip web server configuration.
HTTPServer:= TIdCustomHTTPServer.Create (self) ; i
Now let’s take a look at the code of this project.
Our first line is So the object HTTPServer has some methods and
program Motion HTTPServer Arduino42 RGB_LED_Light; properties like Active you can find in the

TIdCustomHTTPServer.pas unit or
IdHTTPServer library. A library is a collection of
code or classes, which you can include in your
program. Once a unit is tested it’s stable to use.

e This example requires two objects from the
classes: TIdCustomHTTPServer and
TComPort so the second one is to connect and

transport with the COM ports to Arduino Indy is designed to provide a very high level of
(see below). TComPort b_Y Dejan Crnila are abstraction. Much more stuff or intricacies and
Delphi/C++ Builder serial communications details of the TCP/IP stack are hidden from the

components. (It will be in your download area after Indy programmer. A typical Indy client session
publishing this issue). looks like this:
It is generally easy to use for basic serial

q a . with IndyClient do begin
communications purposes, alternative to the

Host:= 'zip.pbe3.com'; //Host to call
TurboPower ASYNCPro. Port:= 6000; //Port to call the server on
It includes 5 components: TComPort, Connect ; //get something to do with it
TComDataPacket, TComComboBox, end;
TComRadioGroup and TComLed.
@ COM & Arduino RGB LED BOX3 — O X
LED Control ~ Arduino PIN _
ledl < > Dig 11Red Analog Red [1..257] '
Led 2 < > Dig 12 Green :
led3 < >  Dig 13IntBlue
Led 4 < >3 Dig 06 Extra
Real Time Clock Test:
09/09/2015 [k ]
7
gk /
RGBMgter
56
Figure 1:
The GUI of the Win App
»| Disconnect m Stop Rainbow ® Rainbow Rising
COM Port in use COM Disconnected
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Indy is different than other so called winsock with HITPServer do
components you may be familiar with. If you've begin
i If Active then Free;
worked with other components, the best approach If not Active then
for you may be to forget how they work. Nearly begin
all other components use non-blocking Bindings.Clear;
(asynchronous) calls and act asynchronousl bindings.Add;
Y . y Y- bindings.items[0] .Port:= APORT;

They require you to respond to events, set up state bindings.items[0] .IP:= IPADDR;
machines, and often perform wait loops. //'127.0.0.1'; 192.168.1.53'
e In fact there are 2 programming models used in Active:= true;
TCP/IP applications. Non Blocking means that onCommandGet := @HTTPServerGet ;

) K ) PrintF ('Listening HTTP on %s:%d.',
the application will not be blocked when the [Bindings[0] .IP,Bindings[0] .Port]) ;
application socket read /write data. This is end;
efficient, because your application don't have to
wait for a connection. Unfortunately, it is

complicated to develop.

@ Use Case UML Editor maXbox

DSEH|[afoesh 00| Xee| A0 | 0Hd | t2B% L2259 HE

Browser switch LED Matrix BOX over HTTP and COM

Log Result —
[ )
w r’_/’::;(;;d> >

Actor HEX in the BO Control LED
Matrix

<<include>>

ndy HTTP Server

HTTP Service

Start COM Interface
Start HTTP Server
Open Browser

Browser Web Form Win Form
Com Interface

-

A

duino Board RGB LED|

Arduino Terminal Monitor

System Micro Controller Boundary

|E:'l,maxbox'l,maxboxS'l,exampIes'l,305_webserver_arduinoSibz_rgb_Ied.uc stored

Figure 2: The Use Case

e Host names are "human-readable" names for

So let’s get back to our HTTP Create in line 123. IP addresses.

In line 131 and 132 you see port and IP address . .
) . A n example host name is max.kleiner.com, the
configuration of a Const, instead of IP youcan = (/v is just a convention and not necessary.

also set a host name as a parameter. Every host name has an equivalent IP address,
e.g. www.hower.org = 207.65.96.71.
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»| Add Node .~ Reduce Node
4.4 .16 [
10

mir temp

GEOQ_Weather_Report: ("coord™{"lon":14.16,"lat":46.62), "weather™:[{"id":500,"main":"Rain","description™ "light rain”, "icon™:"10d"]], "base"™:"cmc stations","main":{"temp":15.52,"

then

The full target of the request
begin

message is given by the URL
property. Usually, this is a URL that
can be broken down into the
protocol (HTTP) , Host (server syster
name (server application), path info
(location on the host), and a query.

end

e So far we have learned little
about HTTP and host names.
Now it’s time to run our program
at first with F9 (if you haven’t done yet) and
learn something about GET and HTML.

The program (server) generates a standard
HTML output or other formats (depending on
the MIME type) after downloading with GET
or HEAD.

end;

So our command to shineona LED is . . /LED and
to switch offis . . /DEL (127.0.0.1:8000/LED) .
Those are GET commands send with the browser,
or /R forRed or /G for Green.

The first line identifies the request as a GET.

A GET request message asks the Web server
application to return the content associated with
the URI that follows the word GET.

The following shows the magic behind in the
method HTTPServerGet () :

GRAMMING V3.1

= (Close App il Update
N on

if uppercase (localcom) =
writeln(localcom+ ':

if uppercase (localcom) =

d":3

3: A few gadgets for Arduino

uppercase ('/LED')

cPort.WriteStr('1l")

cPort.WriteStr ('A') ;
writeln(localcom+ ':

LED on') ;

RespInfo.ContentText:= getHTMLContentString ('LED is: ON');
uppercase ('/DEL') then begin
LED off') ;

RespInfo.ContentText:= getHTMLContentString ('LED is: OFF')

HTTP request messages contain many headers
that describe information about the client, the
target of the request, the way the request should
be handled, and any content sent with the request.
Each header is identified by a name, such as
"Host" followed by a string value. It then does a

request.
® You can also switch with F5 in a browser to
switch LED on and off:

webswitch:= NOT webswitch;
if webswitch then
begin
cPort.Writestr ('1') //goes to Arduino
RespInfo.ContentText:=
getHTMLContentString ('LED is: ON Switch') ;
end
else
begin

procedure HTTPServerGet (aThr: TIdPeerThread;
TIdHTTPRequestInfo;

reqgInf: respInf:

One word concerning the thread: In the internal
architecture there are 2 threads categories.

First is a listener thread that “listens” and waits
for a connection. So we don't have to worry about
threads, the built in thread TIdPeerThread will be
served by Indy through a parameter:

> Nr 6
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TIdHTTPResponseInfo) ;

cPort.WriteStr ('A'") ;
RespInfo.ContentText:=

getHTMLContentString ('"LED is: OFF Switch')

end

end
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maXbox editor and load or open a web-file
with the extension html. Or you copy the
output and paste it in a new maXbox instance.
Then you click on the context menu and

In this mode the PC is a master and executes

the control algorithm while the Arduino or Delphi
Controller acts as an interface slave and follows
commands coming from the PC or browser
through its RS232 port. Each RGB field in these
records reflects a state of the sensors and
actuators of the LED in those sense only actors as
LED light are in use.

A running Arduino (M485A) monitor server will
accept commands on input through a RS232 port:

if (val=='1'){

digitalWrite (ledPinll, HIGH) ; }
else if (val=='A"){
digitalWrite (ledPinl, LOW) ;

}

RAMMING V3.

change to HTML Syntax! end

One of a practical way to learn much more begin
about actually writing HTML is to get in ii;TTP ?= TIdHTTP.Create (NIL)

memo2.lines.text:= idHTTP.Get2 ('http://127.0.0.1")
for i:= 1 to 10 do

memo2.lines.add (IntToStr (i)+"' :'+memo2.lines[i])

finally
idHTTP.Free

e The Object TIAHTTP is a dynamically
allocated block of memory whose structure
is determined by its class type. With the
method Getl you can download files.

begin
myURL : =
'"http://www.softwareschule.ch/download/maxbox_ex
zipStream:= TFileStream.Create ('myexamples2.zip',
idHTTP:= TIJHTTP.Create (NIL)
try
idHTTP.Getl (myURL, zipStream)

Of course a lot of lines to get a file from the web try
it shorter with the magic function wGet():

if (val=='2"){
digitalWrite (ledPin2,HIGH); }

¥) maxbox WebConnect Arduino - Mozilla Firefox
File Edit Wew History Bookmarks Tools  Help

wGet ('http://www.softwareschule.ch/download/maxbox_starterl7.pdf',
'mytestpdf.pdf') ;

[ {_: Kleiner Kommunikation: Program... * | &b Obsron microsystems AG Firma | (5 matbos - Download - heise online | E http: e blais. . cribersfcontact | [ mavbox WebCannect Arduino

x Emaxbox news

> & 127.0.0.1:8000

(& ~ niklaus wirth zirich adresse

|2 Most Wisited { ! Eisenbahn a TEE-CLASSICS | modellbahn-portal.de .. H 1:bahnOMLINE chi: D... | | Pascallanguage Ref.. [ ! InterBase IBAS Suche | |

)~ | of Niklaus Wirth ETH Go v ¥play @ I’ ooes 100.7 FM v II | v B _& 4 Rate Converter Qﬁews |

#ML Metadata Interc... P Zitatesammlung - Eins... ".'

Check script 205_webserver_arduine to discover more:

Example: 192.168.48.126:8000/F.

Switch LED 1s ON with /LED or OFF with DEL m URL

Figur 4: The Browser controls

When the browser starts from script the server is
ready for commands to pass chars to the serial
communication. When a the server application
finishes with our client request, it lights the LED
and constructs a page of HTML code or other
MIME content, and passes the result back (via the
server in TIAHTTPResponseInfo) to the client
for display.

Welcome to RGB LED WebBox3 *** Shine on you Crazy Diamond ***

® Search for a LED to hght Event OnCommandGet and tag R/G/B or switch ON/OFF!

It downloads the entire file into memory if the
data is compressed (Indy 9 does not support
streaming decompression for HTTP yet). Next we
come closer to the main event of our web server in
line 40, it’s the event onCommandGet with the
corresponding event handler method
@HTTPServerGet() and one object of
TidPeerThread.

writeln(localcom+ ': LED on') ;

Have you tried the program, it’s also possible to
test the server without Arduino or a browser.
When you run this code from the script

content (first 10 lines) of the site in HTML format
with the help of the method memo2.lines.add:

RespInfo.ContentText:= getHTMLContentString ('LED is:

102_pas_http_download. txt youwillseea

You can use them as server as the way to serve
files of many kinds!

AL MAGAZINE
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s View

Debug  Output  Help
E ——
nd- /.Keptaggfk_gf:actm “ Tutorials

L e pp Q}. @ L—Fﬂ oy B2 s511_Arduino_coMoutputs2.tet
iﬁﬁiiﬁiﬁfzzﬂ;ﬁgirgé& of Arduino %d COM: . -SiL Auing COMQuipus? | Arduino 15512 71::9::255«5‘
result:= true; & “| [File Edit Sketch Tools Help TOEJEC'C%
except TObject
PrintF ('No COM Ports',[] plean; che
p— q er: TObjec
result:= false; Her: TObj
e der: TOb
ComPorts.Free; smalint;
end; b, c,d: byt|=
. integer;
bject);
bject);
bject);
bject);
bject);
| bect);
TObject)

Y e
4 /80 Compile!

182
Faea

464

)iz
_B11_Arduino_COMOutputs2
volid setup() {
DDEE = EODL11lll;
PORTE = 0:
Serial.begin(9600) ;

et ping 8 to 13
// All outputs OFF

ag outputs

47z

473 begin

27¢  if CheckComPort then
InitComPortForm

void loop () {

/ put your main code here, to run

inputsitring = "7 Ff

while (Serial.available()) {
char digit = Serial.read();
inputString += digit;
delay(Z);
val = inputString. tolnt();
if (wval !'=-1)
Serial.write(val);

eatedly
475 ar inputitring
fu7s End.

477

278 ref:

479 Sketch uses 3,752 bytes (11%) of program storag
maXbo:3 C\maXbook\maxbox3\m¥39994 mX399194\ maxbox3\examples'611_Arduino_COMOuty
port: COM4 connected }
444 mX3 executed: 5/15/2015 10:51:21 PM Runtime: 0:0:10.358 M
PascalScript maXbox3 - RemObjects & SynEdit
Ver 195 (39

// Convert inputString into a mumber

/ read back to monitor

PORTE = wal: // Set PortE register bits

. Work Dir: C:\maXbook\maxbox3\maxbox3 |
399194\maxbox| |
|

comform &port closed
Ver 195 (399). Work Dir: C:\maXbook\maxbox3\maxbox3

5: maXuino Together Settings

SERIAL LINE

Please read more about serial coding in Tutor 15!
The serial communications line is simply a way
for the Arduino to communicate with the outside
world, in this case to and from the PC (via USB)
and the Arduino IDE’s Serial Monitor or from
the uploaded code to I/O Board back.

We just create and configure our COM settings
(depends in which COM port a USB hub works). .

procedure TForml FormCreateCom(Sender: TObject) ;
begin
cPort:= TComPort.Create (self) ;
with cPort do begin
BaudRate:= br9600;
Port:= COMPORT; //'COM3";
Parity.Bits:= prNone;
StopBits:= sbOneStopBit;
DataBits: dbEight;
end;

int val = 0;
// variable to store data from the serial port
int ledPinll = 11;

// LED connected to digital pin 11 or the inbuilt 13!

void setup() {
pinMode (1ledPinll, OUTPUT) ;
// declare a LED's pin as output mode
erial.begin(9600); //connect to serial port

In the main loop we have an “if statement”. The
condition it is checking the value in (Serial.read).
The Serial.available command checks to see if any
characters have been sent down the serial line. If
any characters have been received then the
condition is met and the code within the “if
statements” code block is now executed, you see if
‘1’ then ON and if ‘A’ then OFF.

The condition of checking is simply a char it’s up
to you to code a protocol of your ownL..

The Arduino can be used to develop stand-alone
interactive objects or it can be connected to a
computer to retrieve or send data to the Arduino
and then act on that data (e.g. send sensor data
out to the web or write data on a control LED).
Now we change to the Arduino editor to explain

void loop () {

val Serial.read() ;
if (val !=-1){
if (val=='1"){
digitalWrite(ledPinl ,HIGH) ;
}

// read on the serial port

how he handles our commands (chars).
Serial.begin tells Arduino to start serial and the
number within the parenthesis, in this case 9600,
sets the baud rate (chars per second) that the
serial line will communicate at.

Nr 6 L MAGAZINE

else if (val=='A"){
digitalWrite (ledPinl,LOW) ;

}

Serial.print ("Data entered:

")
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and this is our way of sending data back from If you're using a standard breadboard, you'll

the Arduino to the PC. In this case the print need to use wires to reach the Arduino. Run 3
command sends whatever is within the wires (red, green and blue) to the pin sockets on
parenthesis to the PC, via the USB cable, where the Arduino. Run the other wire (black) to one of
we can read it in the monitor window or in the GND sockets on the Arduino. The colours
maXbox. aren't essential but they will help you remember

what the wires are connected to and black is a
convention for ground GND!

Once the connection to a client socket is
completed, the server connection is
indistinguishable from a client connection. Both
end points have the same capabilities and
receive the same types of events. Only the
listening connector is fundamentally different,
as it has only a single endpoint.

Sockets provide an interface between your
network server or client application and a
networking software. You must provide an
interface between your application and clients
that use it.

BREAD BOARD FLOW

At last but not least some words about
breadboards and electronics. A breadboard (or
protoboard) is usually a construction base for
prototyping devices of electronics. The term
"breadboard" is commonly used to refer to a
solder less breadboard (plug board).

With the breadboard you prepared above or
below, add three wires for power to RGB light and
one for ground GND for your AVR controller.
Place 3 resistors and LED as shown. Make sure the
longest leg of the LED is to GND, connected to the
minus. The resistors don’t have a direction, so it
doesn’t matter which way it goes in.

Sockets let your network application
communicate with other systems over the
network. Each socket can be viewed as an

D Fritzing.or

Casinmibs — mPifammn 2. - g .
= N A, endpoint in a network connection. It has an
4 [PEEELE .o @ address that specifies:
agfmsases . e The system on which it is running.
X - 4 o L8 | B LA . .
BXE S ATIHERS o eeees 3s e The types of interfaces it understands.
1 (Il e 34 e The portit is using for the connection.
308 [ a s C A full description of a socket connection
(LT P includes the addresses of the sockets on
el 3 both ends of the connection. You can

describe the address of each socket
endpoint by supplying both the IP address

6: Breadboard Settings or host and the port number.

(@ maxboud ScriptStudio
gram  Options  View

. s B 7 S e L gkt LR LR el TUE T GraV Y
. S Load Fnd . ReplcefRefactor | ' Go Compie! |* ‘lse Case Tutordls | Regources o seral ﬁﬂm 2
! >l | AHdE&2 DO L AL 2 & B o €9 11 443 _webserver_arduino_rob_iohte.t  ~ (g [y ‘
L) mX Dual Trace Oscilloscope Ver 4.2.3 =@ 8= 1websewzr,arduinn,rgh,llghtu‘

Bl File Screen (@ COM & Arduino RGB LED BOX

Running

LED Control Arduino PIN
ledl <————> Dig11Red ¥ Analog Red [1..252) rJ

e > Dig 12Green

Channel 1
‘ son  Offset

led3 <——> Dig 13IntBle

‘ Gain

) led4 <—> Dig 06 Extra

Real Time Clock Test:

07.05.2014

I »| Disconnect | = Stop Rainbow

Connected and Listening on http 192.168.1.43:3080

P 1551
- WO o
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In the next line we just start a browser to test our Links of maXbox, Web of Things, Arduino

server in a so called frame work flow. and Indy:
procedure letOpenBrowser;
// TS_ShellExecuteCmnd = (seCindOpen,seCindPrint,seCmdExplore);
begin
//ShellAPL.ShellExecute(Handle,PChar('open'),'http;//127.0.0.1:80/",Nil,Nil,0);

S ShellExecute ('http:'+IPADDR+':'+IntToStr (APORT)+'/','',seCmdOpen)

end;

Try to change the IP address in line 132 of http://www.softwareschule.ch/download/

IP:= IPADDR with a DHCP or dynDNS address, webofthings2013.pdf

so you can reach Arduino from an Android, but also
change settings. http://www.softwareschule.ch/

. maxbox.htm
Some notes at last about firewalls or proxy-servers. Ry P ey T2 =S 3= 1

It depends on your network infrastructure to get a Sockets/index.EN.aspx
file or not, maybe you can’t download content
cause of security reasons and it stops with http://en.wikipedia.org/wiki/Arduino
Socket-Error # 10060 and atime outerror. (A=W FE+SRLEE1c N7

Furthermore, it also depends on the firewall in use  [Reee RFMEEEELTEL S CRETLYS 2R LTIV L S-S
at both ends. If it's automatic and recognises data  [ads SEAILELII LIRTATS 2N LY

that needs a response automatically it will work. delphiwebstart

It needs an administrator to open ports etc. you're http:// .blaisepascal.eu/index.php?

stuffed or con.ﬁgured.' . - ) A S —
Hope you did learn in this tutorial the theme of UK Electronics Department

Arduino with a web server. The Arduino is an
amazing device and will enable you to make http://www.blaisepascal.eu/subscribers/
anything from interactive works of art to robots. vogelaar elctronics_info_english.php
With a little enthusiasm to learn how to program
the Arduino and make it interact with other
components a well as a bit of imagination, '_‘;g“\'?btz‘
you can build anything you want. Power Supply
The Arduino can also be extended with the use
of Shields which circuit boards are containing
other devices (e.g. GPS receivers, LED Cubes,
LCD Displays, Sneakers, MIDI Synthesizers,
Ethernet connections, etc.) that you can simply
slot into the top of your Arduino to get extra
functionality.

APPENDIX DELPHI CONTROLLER

Activity LED

M324D40

Delphi CPU
JTAG

40 pin I/O extender e
N

The Arduino board is made of an Atmel AVR
microprocessor, a crystal or oscillator (basically a
crude clock that sends time pulses to the micro-
controller to enable it to operate at the correct what

http://www.blaisepascal.eu/index.php
?actie=./subscribers/UK _Electronics_Department

DELPHI SCHEMA

type of Arduino you have, you may also
. Temper: nsor _ | o
have a USB connector to enable it to be @ N OI I I I I I I I "
connected to a PC or Linux to upload or —_—
retrieve data. The board exposes the . NEDI2RG
. ngle sensor
mlcro—controllers I/O (Input/ Outpu?) Delphi
pins to enable you to connect those pins Controller
to other circuits, buses or to ser}sors, etc.  TER— 2 Digit LED
Feedback please to:max@kleiner.com LI ] 1
__ User extension (opt. TCP/IP) _
Literature:
Kleiner et al., Patterns konkret, 2003, P — T
Software & Support E 1 3
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