Arduino Ethernet Device Control Example



Arduino Ethernet Device Control Example

* Use Arduino to create a web page, provide on/off
control for 16 devices via the Ethernet

— Can use for power control,
- transverter or antenna bandswitching,

— switching mic, receive audio, foot switch, CW key, etc.
among IF rigs

— turning cameras on/off or switching between cameras



Arduino Ethernet Device Control Example

* Originally needed to use MEGA due to memory
requirements:

- Used 4084 bytes of SRAM (dynamic memory)
— UNO only has 2048 bytes of SRAM

* Subsequent coding changes reduced SRAM to 1598

* Arduino MEGA and ethernet shield from eBay
- Cost $13.66 with free shipping
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W3SZ Ethernet Relay Control

Click On Relay Buttons To Change State

GET STATUS
WATTETER | [SWRMETER] SWR-CAV ON | [SWRICAMOFE | WATT-CAM ON | [WATTECAMIORE TXANT ON | [TXANTIOFE]
VA ON | [VNAOFEI Relay 6 ON | [Relay 6 OFF | Relay 7 ON | [REl&y7.OFF Relay 8 ON | [REl&y B OFF
Relay S ON | [Relay SOFF. Relay 10 ON | [Rely 100FF Relay 11 ON | [RE&Y H1OFF Relay 12 ON | [REl 1200FF |
Reley 13 ON | [Rel 130FF Relay 14 ON | [Rely 140FF | Relay 15 ON | |Rely 150FF Reley 16 ON | [Rely 16.0FF




Arduino Ethernet Device Control
Live Demo



Arduino Ethernet Device Control Example:
Arduino Code

1) Include Libraries that are needed
2) Define/initialize constants and variables

3) Setup()
Define and initialize output pins
Start ethernet port and serial port

4) Loop()
Get ethernet data
Parse ethernet data
Switch relays on or off
5) Call procedure “sendReply” to:

Send relay status back to client and re-write web page at client
(Web page uses HTML buttons to send commands to Arduino to control relays and read relay status)



Arduino Ethernet Device Control Example:
Arduino Code

* For relay control uses GPIO pins 2-6, 8, AO-A5,
A8-All

* Depending on characteristics of relay board,
may need to use reverse logic for relay control

* For this example we will NOT use reverse logic



Include Libraries

3 #include <Ethernet.h> Jf/for ethernet port

#include <string.h> f/ for string handling
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Define Variables & Constants

commandInput3tring =

serln;

serlutla;
gerfutiar
serlutiar;
serlutda;
serfutlb;
gerfutib:
serlutik;
serlutdl;
gerfutSar
serlutoa;
serlutTar
serlutiar
gerfutda;
serlutik;
serlutol;
gerlutTh;
gerfutib:
serlfutsl;
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ger{utlidar
serfutlla;
serfutlia;
serfutl3a;
serfutlda;
serfutlSa;
serfutloa;
aerfutlib;
aerfutllb;
serfutllb;
serfutl3b;
serlutldb;
serfutlsSh;
serfutlel;

int ON = 1;

OFF = 0;



Ethernet.h

* Library to work with Ethernet Shield, Ethernet Shield 2, and Leonardo
Ethernet. Contains the classes:

Ethernet: members begin(), locallP(), maintain()
IPAddress: member IPAddress()

Server. members Server, EthernetServer(), begin(), available(), write(),
print(), printin()

Client: members Client, EthernetClient(), if(EthernetClient), connected(),
connect(), write(), print(), printin(), available(), read(), flush(), stop()

EthernetUdp members begin(), read(), write(), beginPacket(),
endPacket(), parsePacket(), available(), stop(), remotelP(), remotePort()



IPAddress(address): a
comma delimited list

Define Variables & Constants

. 1 // Enter MAC address and IF address for E—'_r::luin:|.
representlng the 51 // The IP address is dependent on your local network:
address (4 byteS, Q\X\ 52 byte mac[] = [ 0x90, OxRA, 0xBB, 0xCC, OxDR, 0x02 };
192’ 168, 1’ 1) 53 IPAddress ip(l92, 168, 10, 1768); //<< ENTER ¥YOUR IF ADDRESS HERE <<
Returns nOthIng- f/ Initialize the Ethernet server library
5 /S We'll use port 80 for HITP): H .
7 EthernetServer server(30); Ethernetc“_ent'
% EthernetClient client: - Create a C||ent that
EthernetServer(port): i s ] N — can connect to a
const int Pi = 2z number of Relay pin
Create a Server that 6l const int PinR2 = 3; numker of Relay 2 pin Server. Returns
IIStenS for INComili 2 const int PinR3 = 4; nurber of Relay 3 pin nothing_
ConneCtionS on the 3 const int PinR4 = 57 nurker of Belay 4 pin
s g4 |const int PinR5S = &; nurker of Belay 5 pin
SpeC|f|ed port- const int PinRé = 8; number of Relay & pin
Returns nothing_ £ const int PinR7 = AS5: //nurmber of Belay 7 pin
g7 conat int PinR8 = Ad; S/number of Belay 2 pin
const int PinR% = A3; numker of Relay % pin
2% const int PinRl0 = R2; //number of Belay 10 pin
T0 const int PinRll = Al; //numkber of Belay 1l pin
71 const int PinRl2 = AD; //number of Belay 12 pin
T2 const int PinRl13 = AB; //number of Belay 13 pin
73 const int PinRl4 = AS; /f/number of Relay 14 pin
74 conat int PinRl15S = Al0: //numkber of Belay 15 pin
75 conat int PinRle = All: //numker of Belay 16 pin
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wvold setup()

{

S/ initialize GPIO pins as output pins

pinMods (PinR1,
pinMods (PinR2,
pinMods (PinR3,
pinMods (PinR4,
pinModes (PinRS,
pinMods (PinRé,
pinMods (PinR7,
pinModes (PinR8,
pinMods (PinRS,
pinMods (PinR10,
pinModes (PinR11,
pinModes (PinR12,
pinMods (PinR13,
pinMods= (PinR14,
pinModes (PinR15,
pinMods (PinR1lé&,

Setup: Initialize GPIO Pins

OUTFEUT) ;
QUTEUT)
QUTEUT)
OUTFEUT) ;
CUTEUT)
QUTEUT)
CUTEUT) ¢
CUTEUT)
QUTEUT)
CUTEUT) ;
CUTEUT)
QUTEUT)
CUTEUT) ;
OUTFUT) ;
QUTEUT)
QUTEUT) ;

JSfinitialize all GPIO pin values to OFF

digitalWrite (PinRl,
digitalWrite (PinR2,
digitalWrite (PinR3,
digitalWrite (PinR4,
digitalWrite (PinR35,
digitalWrite (PinRe,
digitalWrite (PinR7,
digitalWrite (PinRE,
digitalWrite (PinRY,
digitalWrite (PinR10,
digitalWrite (PinRl1,
digitalWrite (PinRl2,
digitalWrite (PinR1l3,
digitalWrit=(PinR1l4,
digitalWrite (PinRl35,
digitalWrite (PinRlé,

OFF) :
OFF) :
OFF) :
OFF)
OFF) :
OFF) :
OFF) ;
OFF) :
OFF) :
OFF) ;
OFF) :
OFF) :
OFF) :
OFF) ;
OFF) ;
OFF) ;



Setup: Start Ethernet Port

// start the Ethernet connection and the server and the serial port:

Ethernet.begin{mac, ip):; -
gerver.begin();
Serial .begin (96l

serial.println{"Arduinc Ethernet Device Switch™);
IF:I;

Serial.println("Starting \Server™);
Serial.println (Ethernet.losalIlE(});

serial.println{"by W35

EthernetServer.begin():
Start server listening for
clients

Ethernet.begin(mac, ip):
Initializes the ethernet
library and network
settings to mac address
mac and IPAddress ip.
mac is array of 6 bytes.
ip is array of 4 bytes.
Returns nothing.



Arduino Ethernet Device Control Example:
Loop to Get Ethernet Data, Parse It, Switch Relays, Send Status

Back to HTML Client and Refresh Web Page

roid loop() EthernetServer.available(): Gets a Client that is

[ connected to the server and has data available for
/7 listen for iﬂfm reading. Returns a Client object, or false if no client has

data available

client = server.avallable(); EthernetClient.connected(): Returns
1% (elient) TRUE if client connected or if client is
while (client.connect=d()) €—  closed but there is still unread data:
~har ¢ = client.r=ad(); otherwise false

-I--

spend latest character received to string )
EthernetClient.read(): Reads the next byte received
from the server the client is connected to. Returns the

i . o __next byte, or -1 if none available
J/Checks for the URL string keginning with '~ and ending with "%°

commandInputString += o7
if {c == "\n'"}

{

;E;E::::::i:> int stringStart = commandInputString.index0f('~"):
éi;[::::::i:> int stringEnd = commandInputString.indsx0f("'s");
:E[::::::i:> String commandfut = commandInputString.subkstring{l + stringStart,stringEnd):;
serial.print {("Command is: ")r
Serial .println{commandliut) ;

Serial.println{™ "});



* Members include:
charAt
compareTo
concat
C_str
endsWith
equals
equalsignoreCase
getBytes
indexOf
lastindexOf
length

Arduino String class

remove
replace
reserve
setCharAt
startsWith
substring
toCharArray
tolnt

toFloat
toLowerCase
toUpperCase
trim



Arduino Ethernet Device Control Example:

Loop to Get Ethernet Data, Parse It, Switch Relays, Send Status
Back to HTML Client and Refresh Web Page

70 weid lecpd) String.indexOf(val) Locates a character or

471 | . _ .

472 // listen for incoming client  oUING Val within another String. Returns the:

173 client = server.availakle(): index (pOSlthﬂ) of val within the Strlng, or -1 if

174 1f (client) { not found. Indexing starts with O. _ _

475 while {client.connected({)) | Strlng.SUbStrlng(Vall,
176 char ¢ = client.read(); Va|2) Gets a SUbString
177 commandInputString += cr _.-‘_.-‘al:l:ezlﬂ\ latest character received to string Of a Strlng Starting Wlth
178 if {c == "\n") T

g { | vall and ending before
480 /fChecks for the URL string ]3&:_[1:1:119‘1\:_[ withQ'~' and ending with '§' val2. The Starting index
181 = int stringStart = commandInputStri¥g.indsx0f('~"};: - . vall is inclusive (the

7:'_‘ E.‘::.stringEnd = :cmandlnputﬂtring.J:.::ler::_:'{': ' Vi y | | Corresponding Character
= ‘ String commandfut = commandInputString.substring{l + strlngﬂtart,strlngEn.dr)l;l . h

154 Serial.print{("Command is: "):r IS INC Uded In the

185 Serial.println{commandCut); SubStrlng), but the

186 Serial.println(™ "); optional ending index

val2 is exclusive.
Returns the substring.



Where did this arcane client/server
stuff come from?

* http://www.instructables.com/id/Arduino-Ethernet-Shield-Tutorial/
has an example that turns LED on and off via the ethernet...a
perfect beginning for this project!

* Original Arduino code is here:
http://w3sz.com/EthernetLED_Switch.ino

« Remember, if you start by stealing someone else’s code, you will
progress much more quickly


http://www.instructables.com/id/Arduino-Ethernet-Shield-Tutorial/
http://w3sz.com/EthernetLED_Switch.ino

Switch
the
relays

if (commandfut == "1") {

digitalWrit= {PinRl,
sendBeply ()

Mm =

lze if {commandlut
digitalWrite (PinRl,
sendBeply () ;

im

lse if ({commandlut
digitalWrite {PinR2,
sendBeply ()

m =

lze 1 {commandlut
digitalWrite (PinR2,
sendBeply () ;

(1]

lze if {commandlut
digitalWrite {PinR3,
sendBeplyi):

Mm =

lze if (commandOut
digitalWrits (PinR3,
sendBeply ()

ON) :

== "100 ":|
OFF) 7

= "2") {

ON)

OFF) ;

LR Tt hid
200

= "3") {

ON)

== "I300 ":|
OFF) ;

{

{

{
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e 1f (commandlut == "4") |
digitalWrite (PinR4, ON):
sendBeply ()

e 1f (commandfut == "400")
digitalWrite (PinR4, OFF):
sendReply () »

g2 if {commandlut == "5") |
digitalWrite (PinR5, ON):
sendReply () ;

ge if (commandlut == "500")
digitalWrite (PinRS, OFF);
sendBeply () ;

glae 1if (commandfut == "g&") |

m =

1

digitalWrite (PinR&, ON):»
sendReply () »

e 1f (commandfut == "g00")
digitalWrite (PinR&, OFF);
aendBeply ()

{

{

{



615 glse if (commandfut == "1353") |
6lg digitalWrite (PinR15, ON):
gl sendBeply():

6l }

615 glse if (commandfut == "1500") {
62 digitalWrite (PinR15, OFF):

621 sendBeply () s

622 }

624 glae if (commandlut == "1l&™) |
625 digitalWrite (PinRl&, ON);

626 sendBeply () :

627 }

62 glse 1f (commandfut == "le00™) [
629 digitalWrite(PinRlé, OFF);

630 sendBReply () :

633 glse if (commandlut == "STATUS™) |
634 sendBeply ()

"

638 String HIMString = "Command Not Recognized: ™;
3 Serial.println {commandOut) ;

Serial.println {(HTMString);

sendBeply ()

What about
SendReply?

644 commandInputString = "";
645 commandfut = "";
gdg c=" 'y




SendReply() Function

* This routine reads the GPIO pin values and
reports them both through the serial port and to

the HTML client

* |t also creates the web page for the HTML
client, including the HTML buttons on the web
page and defines what is sent to the Arduino
when each button is clicked on the web page



130 wvoid sendBReply ()

131
132
133
134
135
138
137
133
133
140
141
142
143
144
143
l4g
147
143
143
150
151
152
153
154
155
1586
157

158

{

S/read all output pin values

kool val = digitalRead(PinRl); | macro tells the program to

Serial.println{wval):

if{wval == ON) /
{

serfutla = F("<input type=kbutton value
serfutllk = F({"<input type=kbutton value
}

glss if (val == OFF)

{

serfutla = F{"<input type=button wvalue
serfutlk = F{"<input type=button value
1

val = digitalBRead{PinR2);
Serial.println{val);

if{wval == QON)

{

serfut2a = F({"<input type=button value
serfut2b = F{"<input type=button value
1

glae 1L (val == QFF)

{

serQutza = F({"<input type=button value
gerQut2bk = F({"<input type=kbutton value

1

store the string in Flash
memory rather than SRAM

"WATTMETER" onmousedown=location.href="/~15" style = "background-color:lime'>");

'SWE METER' onmousedown=loccation.href="/~100&" style = 'background-color:silwver'>");
'"WATTMETER' cnmousedown=locaticn.href="/~1%" style = 'background-coclor:silwer'>");
'SWE METER' onmousedown=locaticn.href='/-1005" style = 'background-color:lime'>");
'"SWE-CAM ON' onmousedown=location.href='/-25" style = 'background-color:lime'>");
'"SWE-CAM OFF' cnmousedown=loccation.href="'/-~2005" style = 'kackground-color:silwver'>");
'SWE-CAM ON' onmousedown=location.href="/~25" style = "background-coclor:silver'>");
'SWE-CAM OFF' cnmousedown=location.href="/~2005" style = 'kackground-color:lime'>");r
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130
131
132
133
1lz4

val = digitalBead({PinR3);

Serial.println(wal):
if{wval == ON)

{
serfut3a = F{"<input
serQut3k = F("<input
}
glse 1if (val == OFF)
{
gerfut3a = F({"<input
gerfut3k = F({"<input
}

type=button
type=button

type=button
type=button

val = digitalBesad({PinR4);

Serial.println(wval):
if{val == ON)

{
gerfutda = F{"<input
serfutdbk = F{"<input
1
glzs 1if (wval == QFF)
{
serfutda = F("<input
gserfutdbh = F("<input

}

type=button
type=button

type=button
type=button

value
value

value

value

value

value

value
value

"WATT-CEM CN' style = 'background-color:lime' onmousedown=locaticn.href="/~35">");

"WATT-CAM OFF' style = 'background-color:silver' conmousedown=location.href="/~300%">");

"WATT-CaM CN' cnmousedown=location.href="/~35" atyle = 'background-color:silwver'>")r
"WATT-CAM OFF' onmousedown=location.href="/~3005" style = "hackground-color:lime'>"):

'TE ANT
'"TE ANT

'"TE ANT
'"TE ANT

CN' onmousedown=location.href="/-~4%"' style = 'hackground-color:lime'>");
OFF' onmousedown=location.href='/~4005" style = 'background-color:silver'>");

ON' onmousedown=location.href="/~45"' style = 'background-color:silwer'>");
OFF' onmousedown=location.href="/~4005" style = "background-color:lime'>");



3le
317
3ls
313
320
321
322
323
324
325
326
327
328
3259
330
331
332
333
334
335
338
337
338
3359
340

wval = digitalBead({PinR15);

Serial.println{wval):
if{wval == ON)

{

gerfutlba = F({"<input
serutlsh = F({"<input
}

glae if (val == 0OFF)
{

serfutlSa = F{"<input

ser{utlSk = F{"<input
}

type=button
type=button

type=button
type=button

val = digitalRead{PinRle&);

Serial.println{wval);
if{wval == ON)

{

serfutléa = F{"<input
gerfutlék = F({"<input
1

glaze 1f (val == QFF)
{

gerfutléa = F({"<input
serfutlck = F{"<input

}

type=button
type=button

type=button
type=button

value
value

value

value

value

value

value
value

'Belay 15 ON' onmousedown=location.href='/~155%" style = 'background-color:lime'>"});
'Belay 15 OFF' onmousedown=location.href="/~135005" style = "background-color:silver'>");
'"Belay 15 ON' cnmousedown=location.href='/~155" style = 'background-coclor:silwer'>");
'Belay 15 OFF' ocnmousedown=lccaticn.href="/~1500%" style = 'kackground-cclor:lime'>");
'Belay 16 ON' cnmousedown=location.href='/~165" style = 'background-coleor:lime'>"});
'Belay l&é OFF' omnmousedown=location.href='/~1€005%" style = "background-color:silver':>");
'Belay le CON' cnmousedown=location.href="/~1&%" style = 'background-coclor:silver'>"):
'Belay le OFF' ocmmousedown=location.href='/~1e005" style = 'background-coclor:lims'>")r
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W3SZ Ethernet Relay Control

Click On Relay Buttons To Change State

GET STATUS

client
client
client
client
client
client
client
client
client
client
client
client
client
client
client
client
client
client

println{"HTTE/1.1 200 OE™);

println{"Content-Type: text/html™);

.printin(); - EthernetClient.printin(data): Prints
-println{"<!DOCTYRE HTML:"); ~—_ data, followed by a carriage return
iiigz‘é:;: ~ (‘\r) and newline (\n’), to the
Lprintln{"<TITLE>W35Z Ethernet Belay Switch</TITLE>"); SErver a Client iS ConneCted to.
.println("</HEAD>") ; Returns number of bytes written.
-println("<body>"); data can be of type char, byte, int,

println{"<kr />"); .
LPprintln("<H1-W35Z Ethernet Belay Control</H1>"); IOng, or Strlng'
Lprintln{"<H2>Click On Belay Buttons To Change State</H2>");

println{"<br />");

println{"<input type=button valuese = "GET STATUS' cnmousedown=locaticn.href='/~STATUSS'>");
println{T<br />")r

println{"<br />");

println{"<br />");

println{"<atyle>"):



WATTVETER | [SWRMETER' SWR-CAM ON | [SWRICAMIOFE WATT.CAM ON | [WATTECAMOFE TXANT ON | [TXANTIORE

367 client.println{™takle ["};
368 client.println{™width: 100%;7);
3659 client.println{™}™):

370 client.println{™</style>");
371 client.println{"<table>"):
372 client.println{"<tr style="border-top:2px sclid #£00; border-bottom:2px scolid #£00; border-left:2px solid #£00; border-right:2px solid #£00;'>");
373 client.println{™<td>");

374 client.println{serfutla);
375 client.println{serfutlb);
376 client.println{™</td>");
377 client.println{™<td>");

378 client.println{serfutia);
3749 client.println{serfutib);
380 client.println{™</td>");
381 client.println {"<td>");

382 client.println{serfutia);
383 client.println{serfutib);
354 client.println{™</cd>");
385 client.println{"<td>"});

3886 client.println({serfutda);
387 client.println {serfutdb) ;
388 client.println{™</cd>"});
3845 client.println("</tr>");
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4010
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402
403
404
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408
407
408

client
client

client.
client.
client.

client

client.
client.
clisnt.

client
client

client.
client.
client.

client
client

client.
client.

Lprintln{™<tr style='horder-bottom:2px sclid #£00; border-left:2px sclid #£00; border-right:2px sclid #£00;">"):»
Lprintln{™<td>");

println{serlutba);
println{serfutdh) ;
println{™</td>");

println{™<td>");

println{serfutéa) ;
println{serfutcb) ;
println{"</td>");

println(™<td>");
println{serfutTa):

println{serfutib);
println{™</td>");
println{™<td>"):

.println{serfutia) ;
println {serfutib)

println{"</td>");
println{™</tr>");



| Relay s On | |Relay90FE ] Reley 10 ON | [REIGF1UIOFE] Reley 11 ON | [REGATOFE] Relay 120N | [REGF1ZOFE]

411 client.println{™<tr style="border-bottom:2px solid #£00; border-left:2px sclid #£00; border-right:2px solid #£00;">
412 client.println{™<td>"):
413 client.println{serutia) ;
414 client.println{serfutcshk) ;
415 client.println{"</td>");
418 client.println{™<td>"):
417 client.println({serfutlia);
418 client.println{zerlutlib) ;
4145 client.println{"</td>");
420 client.println{"<td>");
421 client.println({serfutlla);
422 client.println({serfutllb);
423 client.println{"</td>");
424 client.println{"<td>");
425 client.println({serfutlia);
428 client.println({serfutlb);
427 client.println{"</td>");

423 client.println{"</tr>")r



| _Rely 13 0n | [RelyA30FE] Relay 14 ON | [REY 140FE Reley 15 ON | [REGYA5.0FF] Relay 16 ON | [RElY 16.0FF

431 client.println{"<tr style="korder-bottom:2px sclid #£00; border-left:2px sclid #£00; border-right:2px sclid #£00;'>");
432 client.println{"<td>");

433 client.println{serfutlia);

434 client.println{serfutl3b);

435 client.println{™</td>");

438 client.println{"<td>"});

437 client.println{serfutlda):

438 client.println{serfutldb);

435 client.println{"</td>"};

440 client.println{"<td>");

441 client.println{serfutlda);

442 client.println{serfutlab);

443 client.println{™</td>");

444 client.println{"<td>"})r

445 client.println{serfutlca)

446 client.println{serfutléb);

447 client.println{"</td>"};

443 client.println{™</tr>");

4435

430 client.println{™</table>"};

451

452

453 client.println{"</body>"):

454 client.println{"</html>"};

455 // pause to give the browser time to receiwe the data

45¢ delav ()

457 ff close the ccnnectian

452 client.stop(l; < EthernetClient.stop(): Disconnect
o from the server. Returns nothing.

161 )



Arduino Ethernet Device Control Example:
Arduino Code

1) Included Libraries that are needed
2) Defined/initialized constants and variables

3) Setup()
Defined and initialized output pins
Started ethernet port and serial port

4) Loop()
Got ethernet data
Parsed ethernet data
Switched relays on or off
5) Called procedure “sendReply” to:

Send relay status back to client and re-write web page at client
(Web page used HTML buttons to send commands to Arduino to control relays and read relay status)



—
Comics

10:54 PM

Kilobyte

THERE'S BEEN A LOT OF CONFUSION OVER (024 vs |000,
KBYTE vs KBIT, ANDTHE CAPITALIZATION FOR EACH.

HERE, AT LAST, 1S A SINGLE, DEFINITIVE STANDARD:

SYMBoL| NAME SIZE NOTES
1024 BYTESer| 1000 BYTES DURING LEAP
kB | KLOBYTE |00 ayree | YEARS, 1024 OTHERWISE
KELLY-BOOTLE. COMPROM|SE BETWEEN
KB otanoarD ONT| "2 BYTES | 1000 AND 1024 BYTES
. IMAGINARY _ USED IN QUANTUM

KiB | kiosve |94 BTES| (hpurinG
INTEL |023.95752% | CALCULATED ON

kb :

KILOBYTE BYTES | PENTIUM FPUL.

Kb DRIVEMAKERS | CURRENTLY |SHRINKS BY H BYTES EACH YEAR
KILOBYTE | 908 BYTES | FOR MARKETING REASONS
BAKERS BITES 4 315 TO THE BYTE SINCE

KBa KILOBYTE 1132 YOU'RE SUCH A GooD CUSTOMER

| would take 'kibibyte' more seriously if it didn't sound
so much like 'Kibbles N Bits".
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