Remote Monitoring Example
Remote RF Power Output Monitor



Remote RF Power Output
Monitoring

* Monitor RF power output via the Ethernet

* We will use an Arduino to gather the RF power
data and send it to a remote computer
— Arduino UDP packet server at transmitter site

— C# client to display data on computer off-site



Remote RF Power Output
Monitoring

* Sensor to provide voltage based on RF power
level

* Arduino or other MCU with analog inputs and
Ethernet capability



RF Power Output Monitoring
Possible Sensors

* Bird Wattmeter line sections and elements
— Output voltage depends on element (next slide)

* W1GHz power meter

- http://www.wlghz.org/new/portable powermeter.pdf
— Output voltage range 0.25-2.5V

* Analog Devices Power Detectors


http://www.w1ghz.org/new/portable_powermeter.pdf

RF Power Output Monitoring
Bird Elements

* Output voltage depends on element
- 100H Element @ 100 watts: 0.6V (unterminated)
- 250H Element @ 250 watts: 0.7V (unterminated)
— 1000H Element @ 1000 watts: 0.75V (unterminated)
- http://www.meterbuilder.com/mb1/bird-line-sections.html
 Recommends using 100H up to full legal limit
* Voltage/power relationship is non-linear

— Software approach is perfect for this circumstance (you can calibrate using a
known calibration curve)


http://www.meterbuilder.com/mb1/bird-line-sections.html

RF Power Output Monitoring
Bird Elements
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Analog Devices Power Detectors

Log

Detectors ®:::
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Analog Devices Power Detectors

* Analog Devices ADL5SXDETECTRKIT Evaluation Board
- 3 detectors: ADL5511, ADL5513, ADL5902
- DC -9 GHz
- -60 to O dBm or -30 to +30 dBm depending on detector

- $10 per board; currently may be unavailable
- http://www.richardsonrfpd.com/Pages/Product-Details.aspx?productld=1090721

— Output voltage range 26 mV to 3.5 V (peak V varies among 3 detectors)


http://www.richardsonrfpd.com/Pages/Product-Details.aspx?productId=1090721

RF Power Output Monitor

MFG Part Number: ADLSXDETECTRKIT

This RF Detector kit is a simple way to determine which of three
popular detectors would worlk best for a specific RF applications,
from cellular infrastructure and repeaters, to A&D, test and
measurement, WiFi and more.

The kit contains three detectors mounted on an evaluation board,

with one test signal input and three cutputs to compare the
performance of the three detectors simultaneously:

ADLS511: DC - 6 GHz, 47 dB Envelope and TruPwr™ RMS
Detector

ADLS513: 1 MHz - 4 GHz, 80 dB Loganthmic Detector/Controller
ADLS902: 50 MHz - 9 GHz, &5 dB TruPwr™ RMS Detector
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ADL5511 Volts Out vs Power In
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RF Power Output Monitor
Our Design Specs

16 input channels
Graphic Display

Remote selection of channel for graphic display, SWR
measurement

Inexpensive:

- $10 for Arduino, $10 for the Analog Devices Evaluation
Board or $13.37 for AD8318 Detector



o) W3SZ Ethernet Power Meter
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NOTE:

If you change IP address
you will need to exit and
restart program for new
IP address to take effect.




Mini Window

Automatically Selects Input Channel with Largest Signal
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Remote RF Power Meter Demo



Remote Power Meter Code

* Arduino sketch is here:
http://w3sz.com/W3SZ_Simple Remote PowerMeter.ino

* ZIp file of C# source and binaries Is here:
http://Iw3sz.com/W3SZ_Remote PowerMeter.zip


http://w3sz.com/W3SZ_Simple_Remote_PowerMeter.ino
http://w3sz.com/W3SZ_Remote_PowerMeter.zip

RF Power Output Monitor
Code at the Arduino End

1) Include Libraries
2) Define and initialize constants and variables

3) Setup()
Define analog input pins

4)Loop()
Read voltage inputs from sensors via the analog input pins
Send selected voltage values to PC for display

Receive commands from PC
Turn measurement process on or off
Select channels to send to PC (up to 16 simultaneous channels)



Include Libraries, Define Variables

Preprocessor
directives to include
libraries

3

clude <Ethernet.h> A

gincluds <string.h> /) for string handling

[P =thernet e
LI LIl LT L. L N iy B

clude <EthernetUdp.h> SF UDP library from: bjocernfcs.stanford.edua 1Z2/730/,Z008

s e T
ariakles

ring commandInputString = "7
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Define Ethernet-related Constants
and Variables

S Entcer MDD address and IFP address for Arduaino lelow.
te macl[] = { O0x50, OxAL, OxBBE, O0xCC, OxDA, Ox02Z }»
Address ip{l9=, l&8, 10, l?E?:<§i:: F AODDEESS HEEREE <<

PAddress displavIP{l9zZ,1&8,10,244)r F/1IPF of computer running CFfF program to pro
unsigned int dataPort = S3888;7 S5 local port to send and receiwvwe data on
S buffers for receiving and sending data

~har packetBuffer [UDF T FACEKET ML STIZE] ; Frbuffer o hold incoming packet,
~har PBeplyBuffer|[] = "acknowledged™:r & string to send kack
S/ An EthernetlUDP instance to let us send and receiwve packets ower UDFP

EthernetlUUDEF TUdp;



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(address)

Server: members Server, EthernetServer, begin, available, write,
print, printin

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

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



| I b
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Define Ethernet-related Constants
and Variables

S Enter MLD address and IP address for Ardainoe lelow.

IPAddress ip(l92, 168, 10, 176): ) '
N TR T defines an IP address

IPAddres=s displavIP{la2,162,10,244); F/IF of computer ruanning Tf program to pro

unsigned int dataPort = 38837

burffers for receiving and sending data
~har packetBuffer[UDF _TE PACKEET MR¥ S5IZE]; FAhbuffer to hold incoming packet,
~har ReplyvBuffer([] = "acknowledgsd™; S5 a string to send back

O

An EthernsetlUDF instance to let us send and receive packets owver UTUDE

EthernetUDF Udp: <iij




EthernetUdp.h

* Library to send/receive UDP packets with Arduino. Contains the class EthernetUdp
- Members include:

.+ begin(uint16_1 EthernetUDP.begin

* beginMulticast(IPAddress, uint16_t) EthernetU DP.ngiﬂMUlticaSt
» beginPacket(IPAddress ip, uintl6_t, port) Ethernetu DP_beginPaCket
? SIEREEET EthernetUDP.endPacket

* write(uintl6_t) .

» write(const uint8_t *buffer, size_t size) Ethernetu DP.write

* parsePacket( EthernetUDP.parsePacket
* available()

* read()

* read(unsigned char* buffer, size_t len)

* peek()

* flush()

* remotelP()
* remotePort()



Define Ethernet-related Constants
and Variables oo

defined as 24 bytes
in EthernetUdp.h

IDEESS HERE <<

S Enter MLD address and IP address for Ardainoe lelow.
Iyte macl[] = { O0x%0, O0xanr, O0xBBE, O0xOC, O0xDA, Ox0Z 1r
IPAddre=ss ip({(lS2, 1le2, 10, 17&)r; /<< ENTEE YOUERE IF &

o

1 %

ITPAddre=s=s displavIPF{l9Z2, 168,10, 244y F/7IF of comp

unsigned int dataPort = 38837

=1l 5 buffers for receiving and sending data
2Z char packetBuffer[UDF _TE PLCEET MRA¥ SIZE]; FAhbuffer to hold incoming packet,
>3 char ReplvyvBuffer([] = "acknowledgesd™: S5 a string to send back

=5 S An EthernetlUDFPF instance to let us send and receliwve packets owver UDE

7 |Etnernetune Udps < We are defining the object Udp that
IS an instance of the class

EthernetUdp

er running C#F program to pro



Define / Initialize Sensor Input
Varlables

VolthAD
Voltlhl
VolthAZ
Volth3
Volthd
VolthAS
Voltho
VolthAT
Volths
VolchAS
Voltlhl1lO
VoltiAll
VolthAlZ=
Volthl3
Volthl4d
VolthlS



Define/Initialize Control Parameters

1g String MeterOm = "0OFF"; //turns measurement UDP server on or off

17 String BANDAOD = "QON"; S/lturns sensor with this numeral on or off
1% String BANDAL = "ON™: Slfturns sensor with this numeral on or off
19 String BRANDAZ = "QON™; S/lturns sensor with this numeral on or off
50 String BANDAZ
51 String BANDA4
52 String BAENDAS
53 String BRANDAE = "ON™: Slfturns sensor with this numeral on or off
54 String BRNDAT = "ON"; S/lturns sensor with this numeral on or off
55 String BRNDAS = "0ON™: SSfturns sensor with this numeral on or off
56 String BANDAS = "ON™: Slturns sensor with this numeral on or off
57 String BRNDAIQD = "OH"; Sliturns sensor with this numeral on or off
58 String BRANDAR1l = "0ON™: Sfturns sensor with this numeral on or off
529 String BANDALZ = "ON";
0 String BANDAL3Z = ™0ON";
ol String BANDE14 = "QOH";
2 3tring BANDALS = "ON";

"OMN" Jfturns sensor with this numeral on or off

"ONT . Jiturns sensor with this numeral on or off
"ON™; Jrfturns sensor with this numeral on or off

=

S/turns sensor with this numeral on or off

o~

Jfturns sensor with this numeral on or off

o~

JSlturns sensor with this numeral on or off

"

f/turns sensor with this numeral on or off



Ethernet.begin(mac, ip)
. Initializes the ethernet
SetU p P I n 6 veid ssrup() | library and network
0 /et pin modes e 1mpue  SEHINQGS. mac is array of
Modes, Start = .x o 6 byespisanayors
5 pinMods (A2, INEUT): bytes. Returns nothing.
74| pinMode (A3, INFUT): /
Ethernet and E: : EthernetUdp.begin(port)
. o] oy, THROT) Initialize, start listening
Serial Port e | onspecified port
pinods (310, INEUT): |/ Returns 1 if successful,
D toto a1z, Tuw0D 0 if there are no sockets
pinMode (A13, INPUTY; (unsuccessﬂﬂ)

pinMode (A14, INPUZ);
nMode (A15, INBOT):

ff start the ?he:net c:nnec‘/;j.z/j/énd the server and the serial port:
Ethernet.kbegin{mac, ipd:

Ethernet.locallP() Obtains 1| Sear i oeonyy
the IP address of the 52 Serial.princla("Starcing Sexver”):
Ethernet ShI6|d ReturnS > Serial.println (Ethernet.locallP{));

the IP address.




Send Startup Message to Serial
Port

3], | J
3], | J



Start Loop, Read Voltages

117 \woid loop() {

115 S/iread sensors

120 VolthAl = analogRead(fd); S/ Bead A0 sensocr woltage
121 WoltAl analogRead (A1) ; Jf Bead Al sensor voltage
122 Volth2 = analogRead (f2): S/ Bead A2 senscr wvoltage
123 Volth3d = analogRead (B3] SSf Read A3 sensor woltage
124 Volthd = analogRead(nd): SS Bead A4 sensor woltage

126 WVolthAS = analogRead (Ad); SS Bead AS zenscr vo
12 Volthe = analogBead(ha) Sf Bead
123 WVolthA7 = analogRead (f7): S/ Bead
129 Volthf = analogRead (L8):r S/ Bead
130 VolthAY = analogRead (B9) SS Bead
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132 Wolthll = analogBead (B10); ¥ Bead Al0D senscor voltage
133 WVoltAll = analogBsad(All); Jf Bead All sensor voltage
134 Volthl2 = analogRead (R12) Sf Bead RAl2 sensor voltage
135 Volthl3 = analogBRead (R13): Sf Bead RAl3 sensor voltage
136 Veolthld = analogBsad (R14) ¥ Bead Al4 senscor voltage
137 WVolthAld = analogBeead (R15); ¥ Bead AlS sensor voltage



UDP.parsePacket
checks for packet and reports size

int packet5Size = Udp.parssPackst();
if ({packetSize) |

Serial.print ("Received packet of size "):

serial.println{packetSize);
serial.print("From "):

IPAddress remote = Udp.remoteIP();

for {int 1 = 0; 1 < 4; 1++) |
Serial.print{remote[i], DEC):
if (1 < 3) {
serial.print{".");
1
1
Serial.print(™, port "):
Serial.println({Udp.remotePorc());

EthernetUDP.parsePacket():
Returns the size of the
packet in bytes or O if no
packets are available

EthernetUDP.remotelP():

<

Returns the IP address of

9

the host who sent the
current incoming packet

EthernetUDP.remotePort():

<

Return the port of the host

|

who sent the current
Incoming packet



Read packet and parse string to
extract commands sent from PC

I

-

int stringStart = commandInputString.indsxl
T stringEnd = commandInputString.indsxC
String commandfut = commandInputString.su
if {commandfut == "S5TRAEI") {

String HIMString = "START MEASUREMENT™:
Serial.println {(HIMString):

"ON"

- i

1

Meterin =

lse if (commandfut == "STCP") |
String HIMString =
Serial.println {(HIMString);
"OFE";

Meterin =

lze if ({commandlut == "BRNDROCH™) |
String HIMString =
Serial.println (HTMString);
" :IT " ;

BRANDRO =

f{ read the packet intoc packet r
Udp.read(packetBuffer, UDP_TE FACEKET MaE 3TZE):

Serial.println{"Contents:
Gerial.;:i:tl:{packetﬂuifer):
1al commandInputString = (String
‘_._—\/\

"S5TOF MEASUREMENT™:

"BAND A0 is O

D

.

packetBuffer;

0E('-");

il R
bstring (1l + stringStart,stringEnd);

EthernetUDP.read(buffer,
len): Read up to len
characters from the
current packet and place
them into buffer, Returns
the number of characters
read, or O if none are
available

UDP_TX PACKET _
MAX_SIZE is
defined as 24 bytes
in EthernetUdp.h



* 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



Read packet and parse string to
extract commands sent from PC

o e e wtom String.indexOf(val) Locates a character or
Serial.pzintln("Contents:”); String val within another String. Returns the

Serial.println{packetBuffer);

_index of val within the String, or -1 if not
found.

commandInput3String = (String)packetBuffer; ‘

wt rominged = cmanATROAL SRR, 1eceROE (1611 ~__ String.substring(vall,
.?:_:'i::_r cormandOut = ccx_rmandlnputString.e:]:e::i:;{l + stringStart,stringEnd); & Va|2) Gets a Substnng
_:Efffﬂ:a:;:fgim;; =Erjjﬂi :{EE;_ST_TREE{EI-IT"; of a String. The Starting
e (s index vall is inclusive
} (the corresponding
i mieesing = vator vERSTREVENT' character is included in
Serial.println(HITMString): the SUbSt”ng), but the
e optional ending index
glag 1f (commandfut == "BANDROOH™) { Va|2 IS eXCIUS|Ve .
String HIMString = "BAND A0 is ON": Returns the Substrlng.

Serial.println{HIMString):
BANDAO = "CON":
}



Continue parsing string to extract
commands sent from PC

glze if {commandOut == "BANDROOFE™)
String HTHStrlng = "BALND A0 is :E?";
Serial.println n (HTMString) ;
BANDRO = "OFE";

glse if (commandOut == "BANDAICON™) |
String HIMString = "BLND Ll is CON";
ln (HTMString) :

32 1f (commandCut
String HTHString -
Serial.println n (HTMString) ;
BANDAL = "QOFE";

lse if (commandCut == "BRNDR2CN"™) |
String HTHString =
Serial.println n (HIMString) ;
BANDARZ = "OH";

lze if ({commandOut == "BANDA2OFF™) |
String HTHString = "BLND R2 is OFF";
Serial.println n {(HTMString) ;

ET. Il TARTRET -
Und = WEL g



More parsing string to extract
commands sent from PC

glze 1if (commandliut == "BAENDEION™) |
String HTHString = "BAND A3 is ON";
Serial.println n{HITMString) ;
BANDRS = "CN";

glse 1f (commandlut == "BANDAZOFE") {
string HTMString = "BAND A3 is OFF":
Serial. ___it;;iHTHStrlnng
BANDRS = 7

glss 1f (commandlut == "BANDOR4OH"™) |
String HTHString = "BAND R4 is ON":
Serial.println n{HTMString) ;
BANDRL = "ON";

glze 1f ({commandlut == "BANDRELOFF"™) |
String HTHString = "BAND A4 is OFF";
Serial.println n{HIMString) ;
BLNDRL = "OFFE";



Finish reading commands
Start reading sensor data
Form data strlng

glse if (commandfut == "BANDR1SOFE I |
String HTMString = "BRND RA15 is OFF";
Serial.println{HIMString):;
BANDR1S = "OFF™;

1

commandInputString = "";

i

i

} #F end if UDP data receiwved

aLtaS

-
—dLd

[¥5]
(11}

S faend ns
String data = TDATA™:

£

i (BANDRO =="CH"){
data = data + ",

10="" +3tring{Voltll);

1

i (BANDAL =="CH"} {
data = da "

g T r

it

11=" +3tring(Volthl);

1

1£ (BRANDAZ
data = 4d

="0H") {

a + ", R02=" +5tring(Voltkha);

o
ot



Continue forming data string

if {(BANDAZ =="0N") |

data = data + ", R03=" +S5tring{Volth3);
1
if (BANDA4 =="0CN") |

data = data + ",A04=" +3tring(Volth4);
371 1
372 iZ (BANDAS =="0CN"){
data = data + ",R05=" +3tring(VoltAS);
374 }
375 if {(BANDAG =="0ON") |
data = data + ",R0&=" +3tring(Volthe):;
377 1
378 1Z (BANDAT =="0CN") |

data = data + ",R07=" +3tring(Volth7);
380 }
381 if (BANDAS =="0N"){
382 data = data + ",R08=" +3tring(VoltAE);
383 }
384 if {(BANDAS =="0N") |
385 data = data + ",R0%=" +3tring(Volths);
386 }
387 iZ (BANDALIOD =="0H"){

i data = data + ",AL0=" +3tring(VoltAlQ);



Finish forming data string

IZ({BANDR11 =="0HN"){
351 data = data + ",A11=" +5tring(Volthll):
3592 }
2 if(BANDRL1Z =="CN") {
354 data = data + ",RlZ=" +5tring(VoltRl12);
395 }
S if(BANDALS =="CH"] {
data = data + ",Rl3=" +5cring(Volthl3);
}
iZ({BANDAL1E =="CH"] |
4001 data = data + ",A14=" +S5tring(Volthld);
401 }
402 if({BANDR1S =="0HN") {
4003 data = data + ",A15=" +53tring(VoltRlS5):



Data string example
All 16 channels ON

DATA, ABB=157 ,4A81=168,A82=243 AB83=256,A84=278 _,AB5=279 , ABG=288,.

ABT=289 ,A88=292 ,A89=382 ,A18=385 ,All=384 ,A12=5382 ,A13=385 ,Al14=3860,A15=297



Send Data String And End Loop

if (MeterOn == "OH")

{
int datalength = 1 + data.lengthi); —
char databuf [datalength]: ‘
P T p—— F . - / ‘
data.toCharkirray (databuf, datalength); ‘
; to the IP address and port that sent us the pa

r=t (displayIP, dataPort); g

ATL WC

= {databuf) ;
ket () <

nrintln (s ngth) ;

= ~rint ("

rial.println
l.print ("DA I5: ");

L T T T X R O
i

crintln {databuf) ;

} Fiend loop



* 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



Send Data String And End Loop

string.length() Returns the
length of the String in
characters.

string.toCharArray( T

buf, len) Copies | 1 s l

the String’s int datalength = 1 + data.lsngth{);

char databuf [datalength];

CharaCtel’S tO the ‘ data.toCharkrray (databuf, datalength);
ESupplied k)LJffEBF k)l]f ] ff send a reply to the IP address and port that sent us the packet we received

of size len. Returns
nothing.

Udp.beginPacket (displayIP, dataPort):
Udp.write {(databuf);

Udp. endPacket () 7 P
Iy Serial.println{datalength);

rial.print ("DATA IS5: ");
rial.println{data);
rial.print ("DATABUF IS: ");
rial.println{databurf);

L}
Lo [

L 5 5 R 5

Mmoo

S = +H H H H H O

}
delay (50}
221 J/fend loop

Y Y Y o Y oY CO
[
L



Send Data String And End Loop

EthernetUDP.beginPacket(remotelP, remotePort):
Starts a connection to write UDP data to the remote
/ connection. Returns 1 if successful, O if there was a

if {Meterin == "ON")
e .
- s problem resolving the hostname or port.
int datalength = 1 + data./_.q chi) s
char databuf[datalengtl;%
data.toCharkirray {:jat/zﬂ{uf,. datalength);
411 f/ send a reply /the IP address and port that sent us the packet we receiwved
8| Diwrte (At s EthernetUDP.write(message) Writes UDP
Udp- endPacket (); ~———— datato the remote connection. Returns
Serial .1::1:11:1:1-:31;51&:1:_[“1] H
/ Serial.print ("DATA IS: ™); the number of characters sent.
Serial.println{data); A -
Serial.print ("DATABUF I35: "\ji\,\\
/f/  Serial.println(databuf); \\\\ EthernetUDP_endPaCket():
21| celay(s0): . Called after writing UDP data
122} //end loop . to the remote connection.

Returns 1 if the packet was
sent successfully, O if there
was an error.



What happens at the other end?

e C# program gets data string

DATA, ABB=157 ,4A81=168,A82=243 AB83=256,A84=278 _,AB5=279 , ABG=288,.

ABS=289 AB8=292 AB9=382 ,Al18=3853,A11=-384 ,A1Z2=382 ,A13=385,A14=586 ,A15=297

 C# program parses data
e C# program displays data

» C# program sends channel On/Off commands to Arduino



Remote RF Power Monitor Coding

* Very Straightforward:
- Got Some Input from analog input pins
- Did Something With It (formed data string to send to PC)
- Produced Some Output (UDP packet of data)



Programming Steps

1) Included libraries containing external functions
Ethernet.h
string.h
EthernetUDP.h

2) Defined variables and constants

3) Setup ()
Defined and initialized Analog 1/O pins
Defined, started serial port, Ethernet port

4) Loop()
Received input from Ethernet port / Analog pins
Parsed / processed data to extract desired information

Used information derived from data to perform desired task (e.g. switch channels on or off) and to send RF Power Data to
client computer

5) From within Loop(), called other functions() as needed (e.g. Serial.x, Udp.x, data.toCharArray, delay)



Wrap-up



What Now?

Pick a Project
Choose “best” device for project

Use Google and code examples from this
seminar to get started and write the code

Have fun!



[
Comics

Kilobyte

THERE'S BEEN A LOT OF CONFUSION OVER (024 vs OO0,
KBYTE vs KBIT, AND THE CAPITALIZATION FOR EACH.

HERE, AT LAST,

IS A SINGLE, DEFINITIVE STANDARD:

SYMBROL| NAME SIZE NOTES
1024 BYTESer| 1000 BYTES DURING LEAP

kB | KLOBYTE  |\050 myres | YEARS, 1024 OTHERWISE.
KELLY-BOOTLE. COMPROMISE. BETWEEN

KB oranDARD UNT| 'O'2 BYTES | 1066 AnD 1024 BYTES

: IMAGINARY USED IN QUANTUM

KiB | kitovre 10249 BYTES| ComeominG

kb INTEL 1023.937528 | CALCULATED ON
KILOBYTE BYTES PENTIUM FPU

Kb DRWEMAKERS | CURRENTLY |SHRINKS BY U BYTES EACH YEAR
KILOBYTE 908 BYTES | FOR MARKETING REASONS
BAKER'S 4 BIT5 TO THE BYTE SINCE

KBa | kilogyre | '52 BYTES | (e sUCH A GooD CUSTOMER

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