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1. 2CHWattMeter: The Architecture

The Two Channels Watt & SWR Meter project has the following architecture:
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The components are:

e LCD Unit

e 2 SWR bridges
e PC program (Windows based)

The 2ChWattMeter can be used also as stand-alone unit with a single SWR bridge.
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LCD Unit
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2.1 LCD Unit

The main features of the LCD Unit are:

e Simple single Micro Controller with built-in A/D converter.

e 4 A/D 10 bits channels driven by 2 SWR Bridges.

e RS232 port to communicate with the PC at 115200Bauds.

e Back light controlled by steps.

e SWR, FWD and REF Power , Actual Power to antenna calculations/display for 2 Radios .
e Dual Range Bargraph mode for average and PEP Forward Power .

e Compact Design.

e May be powered from DC9V battery or 12V DC.

e Ledto alert when high SWR level is detected.

e Led stating the auto channel selection operative mode.

e 2 power scales for each channel, selection based on the SWR Bridge calibration.

e Fully configurable from the PC Program .

e New f/w releases updated from the PC without need of any external PIC programmer.
e Almost real time data exchange via the serial port to replicate on the PC screen the LCD values.
e Data collection for further PC analysis

SWR Alert
Scaleindicator Auto Channel

B2 Backlight control | | B1 Mode selector LCD Unit
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2.2 SWR Bridge

HF Bridge
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2Ch WattMeter v1.10 6



2Ch WattMeter v1.10 7



2.3 WINDOW BASED PROGRAM

2ChWattMeter.exe is a PC Windows Program written to connect the PC to the LCD Unit, exchange
data and send commands.

The program’s main features of are:

e Simple detection of the port where the LCD Unit is connected.

e Graphic interface to display data read from the LCD Unit: Digital and Analog Meter, Compact
and Test window.

e Emulate the buttons of the LCD Unit and send relevant commands to switch the unit to any
operative mode.

e Configure the computational parameters of the LCD Unit.

e Collect data for statistical analysis

(——

Iwo Channels Wattmeter by 1217K
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2CHSWRMeter Windows Program
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The program has been tested on WinXp SP3 environment.
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2. LCD UNIT

3.1 Operative Modes

The LCD Unit offers two operative modes :

e Wattmeter mode
e Scale mode

The unit switches between the two modes by pressing button B2 for few seconds, a quick pressure
on button B1 moves through the available options of the selected mode.

Mode and options currently used are stored into the non-volatile memory of the microprocessor
when power is turned off restoring last operative status for the next switch on

Automatic Channel Selection

4

SWR Channel A

1

SWR Channel 8

Power Channel A& B

1

Power Channel A

1

Power Channel B

LCD CPU Unit = Wattmeter mode
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scale Channesl A

Scale Channel B

LCD CPU Unit — Scale mode
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3.2 Wattmeter Mode: Automatic Channel Selection

The “Automatic Channel Selection” option is sighaled by blinking the YELLOW Led.

When power signal greater than the minimum level (see Configuration paragraph ) is detected as input
of one channel, the unit switches from the default position to the “SWR single channel” showing the
values of the active channel.

When the input returns to zero, the default screen is restored.

Default screen, no input present Power detected only at channel A

Automatic Channel Selection

If power is detected on both channels at the same time, POWER and SWR levels of the two channels
are presented.

Power and SWR levels are computed with the same algorithm used by “SWR mode” .

Default screen, no input present Power detected at channel A and B

Automatic Channel Selection
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3.3 Wattmeter Mode: SWR Single Channel

The Channel selected is shown at the bottom right position of the LCD.

The power value (PWR) is the highest value read during the measuring time frame and it is updated
every 1 second by default. The second LCD row shows the instantaneous power as a digital bar graph,
this reading is updated 8 times/sec.

If needed, the measuring time frame and the instantaneous power updating time can be changed (see

Configuration paragraph) to obtain a more stable value also with very low or very high speed cw
modulated carrier.

If the input power is less that the 25% of the full scale value, the bargraph, by default, will expand to
the full scale. This allows a better measure at low power level.
This default can be changed (see Configuration paragraph).

Max peak during the measurement time frame

SWRSingle Channel

The SWR is computed according to the formula : SWR = (Vf + Vr) / (Vf — Vr), Vf and Vr are the Vrms
forward and reflected voltages detected by the SWR bridge. The highest values read from the bridge
during the measuring time frame are used to calculate the standing wave ratio.
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An alert signal is generated by lightening the RED Led, if the SWR measured is greater than 3.0 (default
value) and the symbol “HIG” is printed on the display. The alert signal refers only to the displayed
channel , i.e. value of the other channel is ignored.

The alert level can be changed (see Configuration paragraph).

FUR 166 (SUR HIG

SWRSingle Channel
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3.4 Wattmeter Mode: Power Single Channel

The Channel selected is shown at the right bottom position of the LCD.

The first row of the LCD presents the forward (FW) and the reflected (RF) power levels. The power
value is the highest value read during the measuring time frame and it is updated every 1 second by
default.

, Forward power

Power Single Channel

At the second LCD row, the power out (PWR OUT) figure represents the difference (FW-RF).
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3.5 Wattmeter Mode: Power two Channels

The first row of the LCD presents the forward power and the SWR level at Channel A, whilst the second
row refers to the Channel B. The power figures are the highest value read during the measuring time
frame with a default updating interval of 1 second.

The SWR is computed according to the formula : SWR = (Vf + Vr) / (Vf = Vr), Vf and Vr are the Vrms
forward and reflected voltages detected by the SWR bridge. The highest values read from the bridge
during the measuring time frame are used to calculate the standing wave ratio.

An alert signal will illuminate the RED Led. If the SWR of at least one channel, is greater than 3.0
(default value) and the symbol “HIG” is presented.

The alert level of the single channel can be changed (see Configuration paragraph).

Channel A

e

2 SWE 1.4
18 SWR 1.5

Power Two Channels
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3.6 Scale Mode

The LCD Unit uses two full scale levels to measure the power input off each channel.

By default the two scales are initialized to 100W and 1KW, they are configurable to different values (ex.
200W / 2KW ) according with the SWR Bridge calibration . (see Configuration paragraph).

Depending on the bridge functionalities, the most appropriate scale can be selected to display the
power of each Channel:

e from the window “Command” of the PC Program
e selecting the “Scale Mode” on the LCD Unit.

By default the LCD Unit forces the usage of the Scale 1 initialized at 100Watt.

The AUTO position let the wattmeter select the most appropriate scale (Scalel or Scale2) for each
channel depending on the power input.

A signal at the SWR Bridge connector indicates the scale selected.

Button B1- ChA

Button B2- ChB

LCD CPU Unit = Scale mode

Button B1 toggles the scales of the Channel A, B2 toggles the scales of the Channel B.
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3.7 Backlight control

The LCD backlight level is controlled by the Button B2, 16 steps are available: at 0 the backlight is OFF,
at 15 the backlight is at the max level.
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3.8 Configuration

Most of the parameters used by the computational algorithms of the LCD Unit can be changed from
the PC Program.

The default values are initialized to have a comfortable level of measurement reaching a good
compromise between the need of an “almost real time” data acquisition and a stable view of the
results. Nevertheless anyone can change those values to get a different level of usage .

The global parameters that can be modified are:

- Instantaneous Vrms time frame (Instant Vrms delay)
- Measuring time frame of the max higher Vrms value (Max Vrms delay)
- Minimum Vrms level to start the data acquisition (Vrms min)

The parameters related to each channel that can be modified are:

- SWR alert level
- Wattmeter Full Scale 1 and 2
- Expand Bargraph
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3. WINDOW BASED PROGRAM

4.1 2ChWattMeter program setup

The 2ChWattMeter Win program requires a very simple setup process:

e Create afolder (ex. C:\FoxDelta).

e Unzip/copy the *.exe file in this folder.

e Optional: create a link to the desktop (right click the file 2ChWattMeter.exe, select “Send to”
“Desktop”).

e Launch the program by double clicking the file name or the desktop icon.

When program starts, it automatically creates, the 2ChWattMeter.ini file containing all the default
values, if the file doesn’t already exist it will be created with the default values.

Then program attempts to connect the LCD Unit.
Please be sure :

e The serial cable is properly connected to the LCD Unit ant the PC.
e The right serial port has been selected.
e The LCD Unit is powered ON.
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4.2 Running the program
Before launching the 2ChWattMeter program, please verify that:

e The serial cable is properly connected to the LCD Unit and the PC.
e The right serial port has been selected (by default COM1 is selected).
e The LCD Unit is powered ON.

When program starts it attempts to connect the LCD Unit on the last used serial port.

If the LCD Unit is detected, the program reads from the Unit the configuration parameters used by the
computational Power/SWR algorithms, then the last used graphical interface is selected.

Two Channels Wattmeter by 1217K | Atlaunch the program attempts

o Fox Delta e to connect the LCD Unit

/

Amateur Radio
Projects & Kits

Connecting the SWR BRIDGE, please wait,

ANRER

Connection failled

8 Two Channels Wattmeter by 1217K

T Fox Delta V.02 by Gorke
£ Amateur Radio
Projects & Kits

SWR BRIDGE not found,

Confy I oty ”r " ?l LCD Unit has been detected and connected

x> )
Yy WD AT
N\ (R}

¥ watt
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If the LCD Unit detection fails, three options are available :

e Exit: terminate the program.

e Retry: before retrying double check that the cable LCD Unit <-> PC is working properly , the
right PC Serial port has been selected and the unit is powered on.

e Config: verify / change the current port selection.

To change/verify the port selection, click the button “Config” then the button “START”, the list of the
available active ports is generated.

Click the icon related to the port you want to select or enter the port number next to the label “Current
selected port”.

“OK” returns back to the previous window from where you can try again to connect the LCD Unit.

w. COM Port Detect

- Detect Progress
Is an installed COM Port

COM Port search complete
Click START to rescan COM Ports

|

- Active COM Ports

o &
COM 3 COM4
SWR Bridge Port In Use Serial Port

2 & &
Two Channels Wattmy COMS COM6 COM 7
Serial Port Serial Port Serial Port

COM ports to scan: 1 thru v START

| Current selected port: COM 1 | oK | Cancel J

Config Retry |

Exit |
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4.3 Graphical windows

Single and multi-channel graphical interfaces are available, choose the one you prefer from the
configuration window clicking the button “Set”.

The blinking GREEN led points out that the LCD Unit link is active, led is YELLOW blinking when the data
collection function is also active.

Single channel graphical interface

PR Sl

.n. Aot B ‘. < ol =

7 pwp warr w7 sh
\ x.5 \

¥ Watt 0 SWR ---

Button “Cmd” activates the “Command” window , “Set” the LCD Unit configuration window.
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Two channels interface

WattMeter
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4.4 Command window

The “Send Command” window emulates the Buttons B1 and B2 of the LCD Unit sending the commands

to switch operative modes and selections.

Buttons on the frames “Scale” allow to select the Scale 1 or Scale 2.

- SendCommand

~Scalef

AL Chés On/Off
100w
— Che On/0f

1KW

Set|@
Log |I"C

O Exit

SDR100(
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4.5 Data collection

This feature collects data from the LCD Unit and generates a file that can be imported in any
spreadsheet (like Microsoft Excel or OpenOffice Calc) able to read the CSV file format.

The “Data collection” is activated clicking the button “LOG” in the graphical interface, the blinking
GREEN led that point out the LCD/PC link activity, switches to the YELLOW color during the data
acquisition time.

A record will be appended to the log file each time data are collected from the LCD unit, the reading
period is the figure “Instant Vrms Delay” (see Setting window).

Enter the path and the file name in the set-up frame of the setting window.

If option “Clear data file” is enabled, the contents of the file will be cleared before starting a new data
collection session. On the contrary, if option “Clear data file” is disabled new data are appended at the
end of the existing ones.

“No zero pwr” allow to collect data only if a power level greater than the minimum (VRms min sample)
is detected.

The record layout is :
“Date”,"Time","PwrDirA","PwrRefA","PwrDirMaxA","PwrRefMaxA","PwrDirB","PwrRefB","PwrDirMaxB
" "PwrRefMaxB".
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WattMetar

£ datalog Angera.csy - Blocco note
File Modifica Formato Visuallzza 7

"pate", "Time", "PwroirA”, "Pwrrefa", " xA", "pwrrefmaxa”, "Pwroire”, ' a
"2009-11—18“,"15:15:49.561".0,0.0
"2009-11-18","15:15:49.355",0,
"2009-11-18","15:15:49.495",0
"2009-11-18", "15:15:49. 636",
"2009-11-18","15:15:49, 761",
"2009-11-18", "15:15:49.917",
"2000-11-18","15:15:50.
"2009-11-18", "15:
"2009-11-18","15:
"2009-11-18", "15:
"2009-11-18", "15:15:50. '
"2009~-11-18", "15:15:50. 745",
“2009-11-18", "15.15 SO 886”
"2009-11-18", "15:
"2009-11-18", "15:
"2009~11-18", "15:
“2009-11-18“."15:
"2009-11-18", "15:
"2009-11-18", "15:
”2009-11-18"," 15
"2009-11-18", "15:
"2009-11-18"."15:
"2009-11-18","15:16:27.
"2009-11-18","15:16:27.245"
'2009-11-18", "15:16:27.401"
"2000-11-18","15:16:27.
"2009-11-18", "15:
"2009-11-18","15:
"2009~11-18", "15:16:
"2000-11-18", "15:16: 28 183“
"2009-11~ 18"."15 16:28.339",0

<

g

[=l=tolelelololololalalalolalalalalololelalalalolalalolalelelal
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Following figure is an example of the analysis that can be done importing data into Microsoft Excel.
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\ibel M2 ) Y datatog Angeraxisx - Microsoft Excel
"‘""l Ingerivel Layout dipaging  Formole  Datl Revisione  Viwaliza  Progettazions
ibr 0 '"'L-"_!-H[E‘ htestos ape

| |:u_&| S Ui » eentra -

1)

By
Fotrmaftaxione  Formatta
condizionale © come tabelia ©

")C'IE'\)lt . l

ERT

ol |

1 _Date Time PwrDirA PwrRefA PwrDirMaxA PwrRefMaxA PwrDIrB PwrRefB PwrDirMaxB PwrRefMaxB
71 | 18/11/2009 15:18:04,089 0 0 0 0 3 0 70 8
72 18/11/2009 15:18:04,245 0 0 0 0 75 9 75 9
73 | 18/11/2009 15:18:04.401 0 0 0 0 0 0 75 9
74 18/11/2009 15:18:04,558 0 0 0 0 0 0 75 9
| 75 | 18/11/2009 15:18:06.933 0 0 0 0 3 0 3 0
76 | 18/11/2009 15:18:07.073 0 0 0 0 68 8 68 8
| 77 18/11/2009 15:18:07.230 0 0 0 0 L) 0 68 8
78 | 18/11/2009 15:18:07,386 0 0 0 0 76 9 76 9
| 79 | 18/11/2009 15:18:07.542 0 0 0 0 1 0 76 9
80 | 18/11/2009 15:18:07,698 0 0 0 0 0 0 76 9
81 18/11/2009 15:18:10.636 0 0. 0 0 7. 9 75 9
|82 118/11 4o S : 9 75 9
83 18/11 70 4 v, v, Pttty 0 ™ 9
8418/11 3 I ) 8 75 9
85 18/11 0 75 9
86 18/11 :: 1 \ 2 75 9
:; ::ﬁ':: 30 ’ ‘ ’ —b—PwrDIr8 : :: ;
go |18/1d 20 Y- H-VH- V ~@-pwrDirMext | 4 76 9
90 | 18/11 10 e PwrRefMaxB 0 74 9
9118/11 o e = 0 7 9
92 18/11 REBERECRIBINRE B 0 74 9
931811 F 5 S AafNNRgEw 8 7 8
94 | 18/1) CECRC RO O 0 72 8
| 95 | 18/11 g i O A B s L e R 9 75 9
96 | 18/ r o . S T u A oy 0 75 9
| 97 |18/11/2009 15:18:18.011 [ 0 0 69 8 75 9
98 | 18/11/2009 15:18:18,167 0 0 0 ‘ 2 75 9
99 | 18/11/2009 15:18:18.323 o 0 0 2 75 9
100 18/1:/2009 15:18:18,480 0 0 0 7 65 7
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4.6 Configuration window

The configuration windows is activated by the “Set” button.

The options of the frame “Interface” are selecting the user interface.

Two Channels Wattmeter by I12TZK ¥1.06 - Setting

~Interface
(" Digital Meter

Channel B

Channel A

Channel Name |I1C 775 |SDR1000
Set Up | ¢ Analog Meter

DatalogFile |c:\swR Meter\datalog.csv (" Compact
Clear Datafile [
Mo Zero Pwr | " Test

[~ Advanced

Apply l Cancel I

Set Up frame:

“Channel Name” is the description shown by the graphical interfaces to identify each channel.

e “Datalogfile” is the path and file name of file CVS file generated by the data collection feature.

e “Clear data file”, if selected, will clear the file before starting the data collection, unchecked
will append data to the already existing records.

e “No zero pwr” allow to collect data only if a power level greater than the minimum (VRms min
sample) is detected.

e “Advanced” brings visible the advanced setup panel.
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All the parameters shown by the panel “Advanced Set Up” are read at the program startup from the
LCD Unit.

The button “Apply” sends back to the LCD Unit the modified fields, synchronizing the computational
parameters of the 2ChWattMeter Win program and the LCD Unit.

Two Channels Wattmeter, by 12TZK ¥1.10 - Setting
Channel A Channel B ~Interface
Channel Hame [1c 775 [sDR1000 " Digital Meter
— Advanced Set Up - I Analog Meter
SWR Alert (x100) | 300 [ 300 " Compact
Scale 1 | 100w | | 100w ~|
Scale2 |1kw | [ 1kw | " Test
| Scale Max | 90 [ 90
Scale Min | 75 [ 75
Expand Bargraph Scale [v v S——— ; g
H v Advanced:
Scale De|ay I—32- ........................
fast
! Pwr Refreshing Time | 32 medium
Peak Pwr Refreshing Time I 128 2 slav

Min Pwr Read (sample) | 25 Default I

Winv1.10 -- Pic v1.10

S &1 | S
LY ¥ 2% % & 0 SIMID

Advanced Set Up frame:

e SWR Alert level

This adjustment allows the user to set the maximum SWR value that will be indicated before
“SWR Hig” is displayed on the LCD Display. le; 300 = a SWR of 3:1 and 200 = 2:1 (Channel “B”
can be configured differently from Channel “A”.)
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e Wattmeter Scalel:
When using the dual range sensor board, this is the low power scale, and should probably be
set to a lower scale than Wattmeter Scale2. Use the drop-down arrow to select the desired
scale. le: 100W

e Wattmeter Scale2:
When using the dual range sensor board, this is the “High Power” scale that will be switched to
when the power on Wattmeter Scalel is exceeded. le: 1000W.

e Scale Max
When using the dual range sensor board and the AUTO scale function, if the input power is
greater than this value the wattmeter scale switches from Scalel to Scale2. (le Scale 1 =
100W, Scale2 = 1KW, till power is < 90W Scalel is selected, if > 90W Scale2 is automatically
selected). AUTO scale mode can be selected from the “Command” window

e Scale Min
When using the dual range sensor board and the AUTO scale function, if the input power is
less than this value the wattmeter scale switches from Scale 2 to Scalel. (le Scale 1 = 100W,
Scale2 = 1KW, being the wattmeter measuring in Scale2, untill power is > 75W Scale2 remains
selected, if < 75 Scalel is automatically selected). AUTO scale mode can be selected from the
“Command” window

e Expand bar graph scale:
If enabled, when the input power is less that the 25% of the full scale value, the bar graph, will
expand to the full scale. This allows a better measure at low power level.

e Instant Vrms Delay:
This value determines the amount of delay on the instantaneous reading of the LCD display.
Three preset values can be selected by the “Fast”, “Medium” and “Slow” buttons to the right.
The range of values are between xxx and xxx, and can be directly entered.

e Max Vrms Delay:
This value determines the maximum “Hold” time for the display reading. Preset values are
available by the “Fast” “Medium” and “Slow” preset buttons. The allowable values are
between xxx and xxx, and can also be directly entered.

e Min Vrms Sample:
This value determines the minimum number of samples necessary for the PIC to compute the
SWR. This value will affect the minimum amount of power required to make this calculation.
The three presets will provide default values, however, the lower values will provide better
results. The allowable range of values are between xxx and xxx.
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