MacGuffin Multi band Sequencer Decoder
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1.0 General Overview

This system connects a Portsdown transmitter and a receiver ( Ryde or similar receiver) to antennas for the appropriate bands through preamps and power amplifier equipment selected by RF relays. General purpose relays also control the DC power for PAs and the PTT signals.

The block diagram shows the general arrangement of the MacGuffin components. The details can vary widely to accommodate many relay path configurations. 
[image: ]

The system receives band information and a TX-ON (PTT) signal from the Portsdown transmitter. This information is used to setup the TX and RX RF relay paths for the band selected and generate the timing signals to sequence the transitions between receive and transmit. An LCD shows the selected TX and RX band numbers and text names.

The basic RF relay configuration here accommodates 8 TX and RX signal paths. Other relay configurations can be made that use more multi-pole relays and 1 T/R relay. Many other possibilities are shown in MacGuffin Relay Configurations.pdf  They are intended to be guides not ready to build designs.

Pulsing selected IO Expander outputs is an option for use with latching relays.
[image: ]
 The system can be expanded to 16 paths. The TX and RX paths are selected separately so cross band operation is possible. When cross band operation is selected a HEX or BCD switch inputs the desired receiver band.

An input for the actual receiver band is an option. The input can be from a HEX or BCD switch or signals from the receiver. The band number and text are displayed for comparison with the RX path. It does not affect the operation of the sequencer.

The hardware consists of an Arduino Nano, a 20x4 LCD , up to 8  16 bit IO expanders, general purpose relay boards and RF relays. An IO expander PCB has been designed to connect to the suggested relay board with a 20 wire IDC header cable but a MCP23017 IO expander module from eBay could be used. See Figure 2. 

The IO expander PCB also breaks out the two 8 bit IO ports to 10 pin connectors for interfacing directly to multi-port RF relays. The IO bits may be buffered through a ULN2803A driver or connected directly by jumpering across the IC pads in the case of relays that use logic level inputs.

2.0 Software Configuration Overview
No understanding of the Arduino programming language is needed to modify the sketch. Band names are text entries, options are selected by entering numbers found in tables. There are excel worksheets for selecting and recording the parameters defining the operation of the MacGuffin. They are intended be used as a reference you can copy into the sketch.

Assigning the path information in the Arduino sketch is done by changing 3 tables. The Portsdown table has entries for the 16 Portsdown scenarios. The other fields contain text for the LCD to describe the scenario, a number indicting whether a transverter is used, and the associated RX and TX path numbers for the scenario. Text entries are 7 characters long, filled with spaces as needed..

The TX and RX path tables contain text for the band assigned to each path. Their index numbers do not have to match the Portsdown table main index. They are linked to the matching scenario by the Portsdown path tables. 
The bands of the TX path and RX path for a transverter may each be different that the other.



3.0	LCD screen
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TX changes to Tn when a scenario using a transverter is selected. The n is the digit entered in the Portsdown table. Its meaning is whatever a user assigns to it.

RX changes to CB when the cross band switch is on.

RV displays if receiver band input is enabled

PD# is the scenario # selected by the Portsdown

TX# is the path band linked to the scenario 

RX# is the path band linked to the scenario or the cross band selection.

RV# is the receiver band if the option is enabled

‘ON off hold’ field shows when the system is in transmit. 
If the scenario input changes while in transmit the system switches to receive and goes into a hold state until the TX input turns off.
If the Portsdown scenario has no TX path assigned in the Portsdown table the system will not switch to TX mode.

TX ‘over’ time counts when transmit is on and resets in receive. As a challenge to G4KLB it doesn’t rollover until 16 hours have elapsed. 
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4.0	Faults
The error display shows if I2C communication with an IO expander fails. In this example 00000100 indicates IO expander 2 failed.

The Portsdown 3V3 is measured to prove it is powered up and the band input is valid. If it is less than 3 volts the error display is presented.
The receiver 3V3 is also measured when it’s use is enabled. Undervoltage does not cause a fault, it does inhibit the RV band display.

To check the analog voltage input calibration factor an IO expander can be unplugged to force an error display.

5.0	Timing
The Portsdown outputs RF before the TX mode signal turns on. The delay allows for the calibration cycle to end before the driver and PA are enabled. 
The MacGuffin changes the relay outputs from RX to TX at the start of TX ON. After a delay for relay settling (delay1) the PTT is turned on. PTT ends when TX ON turns off and after another delay (delay2) the relays switch back to RX mode. Thus there are 3 timing periods, RX time, TX time and PTT which occurs within TX time. These timings are used by the IO expanders to control the relays.
An optional third delay (off delay) may be used to stretch the TX time when it is used to turn on the PA power. This reduces the number of on/off changes when there is a short time between transmissions. 




Figure 3
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6.0	MacGuffin Planning

  6.1	Portsdown Band selection
Setup the Portsdown menu for the scenarios you will be using. Use the MacGuffin Band Assignment spreadsheet to record the band text you will want to see on the MacGuffin LCD. Entries may be up to 7 characters long. When they are later entered into the MacGuffin sketch they must be padded with spaces to be 7 characters long.
If a transverter is used by a scenario enter a number from 1 to 9 in the TV column. This number is displayed on the LCD and has whatever additional meaning you assign to it. 0 indicates no transverter. 
The RX and TX path columns will be filled after you assign the bands to the RF relay paths. Enter 16 into the rows for unused Portsdown bands.

  6.2	RF relay configuration – Path assignment
The MacGuffin RF relay configurations drawings illustrate several ways RF relays can be used to provide paths from the antennas though the receive preamps, RF drivers and power amps to the receiver and transmitter. Once you have chosen a configuration or designed your own, assign bands to the paths. The number of a path does not need to match the Portsdown scenario number for the same band. Paths are linked to the scenario by a table in the Arduino sketch. 
Enter the RX and TX paths used by each scenario into the columns in the Portsdown Setup area of the MacGuffin Band Assignment spreadsheet. Enter the text to be displayed for each band path in the LCD text columns.
The band text for transverters could either be the transmitted band or the IF band. Choose the one you prefer to see on the LCD. In the case of a transverter created with separate up and down converters it’s possible they could use two different IF frequencies.

  6.3	RF relay coil control
The coils of the RF relays are driven by the IO expander output ports. The coils may be driven directly with voltage switched by a driver IC on the IO expander or controlled by logic level signals from the MCP23017. The primary methods of controlling the relays are to turn on one output bit at a time when there is a separate coil for each relay port or outputting BCD when a multi-port relay uses that type of input. Some BCD inputs are offset by 1 so 0 will be all off. A more versatile but more complicated method is the user defined bit pattern. See MacGuffin User Bit Patterns.docx for more information. 
Output ports can be inverted when the active low 16 channel relay module or a similar device is used.

  6.4	PA Power switching 
Typically contacts on a 16 channel relay module will be used to turn the DC power to the PAs on and off. An option timer may be used to delay the turn off so the power does not go off during short interruptions in the transmission. Manual switches should be installed to turn off the PAs when a band is not in use and no antenna is connected.

  6.5	IO Expander selection
The physical IO expander ports have several output options. 16 channel relay boards use logic level signals from the A and B ports connected through the 20 pin connector. The two ports can be also used though the 10 pin connectors. Low side relay driver ICs may be installed for relay coils or the IC socket jumpered to provide logic level outputs.
There are two worksheets to help plan and record your use of the IO expanders. 
MacGuffin IO expander Worksheet.pdf     MacGuffin IO EXPANDER USE.xlsx
 
  6.6	RF relay timing
The Arduino sketch generates 3 main internal timing signals, RX time, TX time, and PTT which occurs within the TX time. These timings are combined with the output patterns to control the IO expander output ports. Parameters in the sketch allow you to choose the action of each port during RX and TX time. You can chose to activate the relays setting up the RX or TX paths only when they are carrying a signal or they can be always on when that path is selected.
More complicated designs may require you to make a User Bit Pattern.

  6.7	Output  Port Definition
Enter the RX TX path and bit mode information into the MacGuffin IO Expander Assignment spreadsheet. The area to the right of the entries decodes the entries so you can verify your selections.
Setup IO ports for these functions,
- RX path relay coil control
- TX path relay coil control
- TR relay coil control
- PA power
- PTT

  6.8	Sketch modification
Use the information gathered in the Band Assignment and IO expander assignment spreadsheets to modify the Arduino sketch for your use. 
MacGuffin Sketch Notes V2.docx details the lines to modify.


7.0	Construction notes
 Nano Panel
If the receiver band input is only going to be used with a Hex or BCD switch instead of installing U2 you may jumper the pads across the inputs and outputs, 1 to 2, 3 to 4, 5 to 6, 10 to 11 and 12 to 13. The switch common will go to ground.
If a switch is used with U2 installed 10K pull-up resistors are needed.
IO expanders
The ULN2803A driver ICs are only needed if you are driving relays from the 10 pin port. 
If you only plan to use the 20 pin cable to the 16 channel relay board the ULN2803As and the 10 pin Molex connectors aren’t needed 
If you only plan to use the 10 pin ports to output logic level signals jumper across the IC pads 1 to 18, 2 to 17 etc, omitting 9 to 10 which are VS and ground.
To keep your options open you can install a socket and then either plug in a ULN2803A or a 16 pin DIP shunt.  
[image: 1825190-7]  450-2130-ND

If you are using logic levels and want to provide +5 to the 10 pin connector plug a jumper cap on the VS +5 jumper.

Interconnections
The I2C wiring should be kept short and away from noise. You may connect the devices individually to the connectors on the Nano Panel or daisy chain them. Too much capacitance to ground can prevent proper operation.
The IO expander logic level output signals change slowly so capacitance doesn’t matter to them. They may be run in shielded cable if needed. The signals from the Portsdown also change slowly.

When the MacGuffin project started the intention was to use off- the-shelf components. However to make wiring easier and add features a few custom PCBs were designed.
The Arduino Nano mounted on a breakout board was replaced with the Nano panel board. It added level shifters and connectors with signals grouped for easy wiring. Some features of the Nano panel are optional so parts for those may not need to be installed.
 
The MCP23017 eBay module was replaced with the IO expander with a connector to match the 16 channel relay module. The two 8 bit port outputs are also available on connectors as logic level or through low side relay drivers. As with the Nano panel the IO expander need only be populated for the options chosen. For testing and demonstration an optional LED board was made to display the IO Expander output.

The eBay modules could still be used instead of the custom boards.

A BCD or hex switch is used to input the selected receive band if cross band operation is wanted. An easily mounted rotary switch is specified but a lower cost thumbwheel switch could be used if you’re able to make the rectangular panel hole required.



8.0	Glossary

Scenario – One of 16 menu items in the Portsdown describing the band and transmission mode. Scenarios are numbered 0 to 15.

Band - A radio band is a small contiguous section of the radio spectrum frequencies

IO expander - device that provides additional inputs and outputs (I/O) on a microprocessor. The MacGuffin IO expander has 2  8 bit ports of outputs.

Path – Connections made through the RF relays to route the Rx and TX signals through the appropriate preamps and amplifiers to the antenna. The components in a path determine its band. Paths are numbered 0 to 15.

Port – a group of 8 IO bits. On the MacGuffin all IO expander bits are used as outputs.

User Bit pattern – a table of 16 bit words used to control the IO expander outputs. There are 16 words in the table, one for each of the 16 possible relay paths. These bits are for use when the predefined 1 out of N or BCD patterns cannot be used.
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