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ICL Application Note 
No. 00020

FreeWave Radio Setup

This document is designed to explain the basics in FreeWave radio configuration and setup with ICL controllers.  It will assume that you have some familiarity with the EtherLogic controllers and have spent at least some time going through the ICL Quick Start Guide.  The controllers used for this write-up are EtherLogic LCs but the information is applicable to the entire EtherLogic line.

Radios are often used in situations where wired connections between controllers prove to be either financially or physically infeasible.  However, due to their line of site limitation, repeaters are often required in mountainous areas to insure that communications are stable.  To ensure that an efficient and effective radio network is designed, it is always a good idea to run a radio survey of an area early in the design phase.  

We will only be covering point to multipoint applications of FreeWave radios, as most applications require the use of this configuration.  Even applications that can be designed using a point to point configuration will work correctly in point to multipoint and will have more flexibility for future expansion without reconfiguring radios.

That said, in point to multipoint applications proper radio configuration becomes increasingly important.  In a point to point application, the master unit is responsible for a large portion of the settings that control communication between radios.  However, in a point to multipoint application every radio needs to be configured individually with the correct settings.  This means there are many more chances to make mistakes.  

To facilitate a quick setup, a table will be located at the beginning of each section outlining the key settings of that section and what the most common values are for both master and slave units.  The rest of each section will then go into more detail about what each setting is responsible for.  

Entering the Radio Configuration Menu

	No table for this section


To enter the radio configuration menu you will at least need a null modem serial cable.  You will also need a terminal program capable of serial communications.  If you have a copy of ScadaBuilder you can use the terminal program imbedded within the application.  Another option would be Hyper Terminal.  If you use Hyper Terminal, be sure it is set for 19200 baud, no parity, 8 data bits and NO flow control.  

Connect the null modem cable to an open serial port on your computer.  Then connect it to the radio diagnostic port on the EtherLogic.  
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Following that, launch ScadaBuilder and open a serial terminal window by pressing the [image: image3.jpg]


 icon.  (Or launch Hyper Terminal and check its configuration) In the ScadaBuilder terminal window select COM port you have connected the null modem cable to. Set the baud to 19200.  (19200 is the baud rate that FreeWave radios always use on the diagnostic port.)  Ensure that data bits are 8, stop bits are 1 and parity is none.

Pressing shift + u should now launch the radio configuration software.  If things are setup correctly, you should now see a screen like the following:
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There are many settings that can be tweaked and fine-tuned in the FreeWave radios.  However, only menus 0 (Set Operation Mode), 1  (Set Baud Rate), 3 (Edit Radio Transmission Characteristics), 4 (Radio Statistics) and 5 (Edit Multipoint Parameters) are typically used.  For this reason, the remainder of this document will focus on these settings.

(0) Set Operation Mode

	
	Master Unit
	Slave Unit

	Modem/Operation Mode
	(2) Point to Multipoint Master
	(3) Point to Multipoint Slave


Menu 0 – Set Operation Mode – is where we configure the role of a radio.  There are three primary selections that are commonly used in most applications; Point to Multipoint Master, Point to Multipoint Slave and Point to Multipoint Repeater.
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(2) – Point to Multipoint Master:  In a given network, there should only be one of these.  The master unit is responsible for controlling communications for the entire network.  

(3) – Point to Multipoint Slave:  A network may have any number of slave units.  However, there is a practical limit based on the amount of data being transmitted.  If each unit transmits a small amount of data, and they transmit it infrequently, then the maximum number of radios on a network is comparatively large.  However, if each unit is sending a large amount of data and they are sending the data often, then the maximum number of units is comparatively small.  If a concrete maximum is needed, you could consider 255 nodes to be the max – the limit as per the Modbus implementation on ICL controllers.  

(7) – Point to Multipoint Repeater/Slave:  In situations where a repeater unit is needed, this is the setting that will be required.  Although not explicitly declared, a repeater also works like a slave unit.  

When finished with this menu, pressing esc will get you back to the main menu.

(1) Set Baud Rate

	
	Master Unit
	Slave Unit

	Baud (0) – (9)
	1,200 – 230,400 matching slave
	1,200 – 230,400 matching master

	Data, Parity
	0
	0

	MODBus RTU
	1
	1

	RS232/485
	0
	0

	Setup Port
	3
	3

	TurnOn/OffDelay
	0
	0

	FlowControl
	0
	0


Menu 1 – Set Baud Rate – is where we configure many of the basic data communication settings.  Usually, there are only three settings that are typically changed: one is the baud rate, options 0-9, another is data/parity and the last is MODBus RTU, option B.    The other options are not modified in typical radio configurations.
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(0 - 9) – Baud rates:  The current baud rate will be displayed at the top of the screen.  There are 10 available baud rates and any of them can be used in an application but there are a few things to keep in mind when choosing a baud rate.  

· The first is that generally speaking the higher the number the faster communications go.  

· The second thing is that the baud rate selected in the radio setup MUST match the configuration you choose in ScadaBuilder.  (More on this later)  That said 115,200 is an acceptable baud rate used in many applications.  

(A) – Data, Parity:  For most applications, including those using standard Modbus, the data/parity configuration is 8 data bits, no parity, and 1 stop bit.  This is the default setting that the radio is shipped with.  However, if you need to change it, the table below provides the available options.

	Menu Setting
	Data Bits
	Parity
	Stop Bits

	0
	8
	None
	1

	1
	7
	Even
	1

	2
	7
	Odd
	1

	3
	8
	None
	2

	4
	8
	Even
	1

	5
	8
	Odd
	1


(B) – MODBus RTU:  In most situations MODBus RTU needs to be enabled.  Many controllers, including those produced by ICL, communicate using the Modbus standard.  Due to the Modbus packet structure, for Modbus to work over the radio it must have MODBus RTU enabled.


(3) Edit Radio Transmission Characteristics

	
	Master Unit
	Slave Unit

	FreqKey
	5
	5

	Max Packet Size
	8
	8

	Min Packet Size
	9
	9

	Xmit Rate
	1
	1

	RF Data Rate
	3
	3

	RF Xmit Power
	10
	10

	Slave Security
	0
	0

	RTS to CTS
	0
	0

	Retry Time Out
	255
	255

	High Noise
	0
	0

	MCU Speed
	0
	0

	RemoteLED
	1
	1


Menu 3 – Edit Radio Transmission – is used for the fine-tuning of communications.  In most situations the settings in this menu should not be altered.  Doing so will affect the success or failure of a given radio network.  
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The one setting that can/should be changed is the RemoteLED setting.  Setting it to 1 enables the status LEDs on the top of the EtherLogic units.  These prove to be very useful when debugging radio communications.

For a more detailed description of the other options please refer to the link at the end of this document.

(4) Show Radio Statistics

	No table for this section


Menu 4 – Show Radio Statistics – allows you to get some basic information about your radio. There are no settings in this menu.  
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Master-Slave Distance (m):  This value is represented in meters and is accurate for distances over one Km (.6 miles).

Radio Temperature:  This is the current operating temperature of the radio.  FreeWave radios operate effectively from -40°C to 75°C.

Average Noise and Signal Levels:  These values are an average across all frequencies.  For detailed information press the Enter button while the Radio Statistics menu is active.  In an ideal setup the noise levels should be no more than 30 and the difference between the signal and the noise levels should be greater than 15.  Note that these values are not in dB but an arbitrary measurement unit that provides relative signal strength and noise measurement.

Overall Receive Rate %:  This value indicates the quality of your radio’s communication links.  It calculates it based upon the percentage of packets that are received by slave units on the first attempt.  A number of 75 or greater indicates a reliable connection.  
(5) Edit Multipoint Parameters

	
	Master Unit
	Slave Unit

	Number Repeaters
	0
	0

	Master Packet Repeat
	3
	3

	Max Slave Retry
	9
	9

	Retry Odds
	9
	9

	DTR Connect
	0
	0

	Repeater Frequency
	0
	0

	Network ID
	1
	1

	MultiMasterSync
	0
	0

	1 PPS Enable/Delay
	255
	255

	Slave/Repeater
	0
	0

	Diagnostics
	0
	0

	Subnet ID
	Disabled
	Disabled

	Radio ID
	Not Set
	Not Set

	Local Access
	0
	0


Menu 5 – Edit Multipoint Parameters – only needs to be configured when using a point to multipoint network.  The settings that are most often edited are outlined below.  
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(0) – Number Repeaters:  When you have ANY repeaters on your radio network, this parameter needs to be set to 1.  If there are no repeaters at all, then it should be 0.  Repeaters allow you to extend the rage of a radio network, but at the cost of speed.  Putting in one repeater will reduce the speed of your network by 50%.  However, any subsequent repeaters do not drastically affect the network’s speed.

(1) – Master Packet Repeat:  On a point to multipoint network the slave units do not send acknowledgements to the master unit for packets they receive.  (This is to aid in preventing system overload.)  As a result, there is not 100% certainty that a slave unit has received all packets in a trans mission.  To combat this, the master radio transmits the same message multiple times.  After a slave has received a complete message it will ignore the rest until the next message comes in.  On networks with good, solid RF links this setting can be 0 or one.  On weaker networks this setting will want to be bumped up some.  The maximum value is 9.  Bear in mind that the more times a message is sent, the greater the hit on network data throughput.  When MODBus RTU is enabled, this setting MUST be 3.

(6) Network ID:  This parameter aids in avoiding network conflicts when other radio networks are operational in the same area. Each network should have its own ID.  All units on a network must have the SAME Network ID.  Any value 4095 or lower is acceptable, except for the FreeWave default of 255.

(A) Slave/Repeater:  Enabling (set to 1) this option allows a slave unit to also function as a repeater.  

(C) SubNet ID:  Sometimes in a point to multipoint network it is desirable to force slave units to talk to a particular repeater/master.  This can be done through the use of SubNets.  There are two components to the SubNet parameter.  The first is the Rcv SubNet ID.  This is used to denote which repeater/master a unit listens to for incoming packets.  The other is the Xmit SubNet ID.  This is used with repeater units to establish which units they broadcast to.  

There are a few things to keep in mind when configuring SubNet IDs.  The first is that SubNet IDs are irrelevant to the Master.  The master always transmits with a SubNet ID of 0.  If you want to force a slave unit to communicate directly with the master, you must set its Rcv SubNet ID to 0.  If both the Rcv and Xmit are set to 0 the unit will go into a “roaming” mode and will be able to roam the subnets on a given network.  Last, to disable the SubNet ID feature, set both Rcv and Xmit to F.

For a more detailed description of the other options please refer to the link at the end of this document.

ScadaBuilder: Master Setup

[image: image1.png]i ! Industrial Control Links



At this point your internal radios should be properly configured for use.  It is now time to set up ScadaBuilder.  Create a new project with two nodes and name one “Master” and one “Slave.”  Be sure to select Radio from the Controller/RTU Options menu.  

Select the newly made Master node.  Expand the Communications tree.  Double-click the on the Radio branch.  You should now be looking at the Network Ports window.  Since the baud rate was set in the radio configuration to be 115,200 we need to match it here in ScadaBuilder.  Set the Baud t to 115,200.  The window should now look like the image below:
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Next, click the [image: image11.jpg]NetSessions



 button.  This is marked by a red rectangle in the image above.  You will be prompted to provide a name for your new network session.  Be descriptive.  When the Network Session window comes up, set the Protocol to Modbus RTU Master and the Network Port to Radio.  Your window should now look like this:
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It is always a good idea to give yourself some tools for debugging should problems arise down the road.  For this purpose we will add in a few diagnostic variables.  Select the Diagnostic tab and then the Address Stats sub tab. 

Here we will map the Transmit Command, Receive Response and Success Percent.  To do so, start by entering in the Network Address of the slave unit.  (1 in my case)  Then press the [image: image13.jpg]


 button.  Check the boxes in front of the three options we want to map and uncheck the rest.  Then close that window.  If you have not created any registers to hold the mapped values, you will need to select New from the Register drop-down.  

For register mapping to work the smoothest, you need to create your registers with sequential addresses (I used registers 1-3) and in the same order as the items we want to map into them.  Transmit Command needs to come first followed by Receive Response and Success Percent.  Once you are done, select the first register and press the [image: image14.jpg]Add



 button.  Your screen should now look like this:
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Next, click on the [image: image16.jpg]Events



 button.  This will bring you to the Network Event List window.  This window lists all of the events for a network session.  Any time you want to send information to a slave or you want to get information from a slave, you need to use a network event.  All network events will be located on the master unit when using the Modbus protocol.  Click on the [image: image17.jpg]


 button to make our first event.  

Remember that for every register on the slave you need a matching one on the master.  If you read 5 registers off a slave, you must have 5 registers to store those in on the master, and they must all be in sequential blocks if you hope to use one network event.  For this first event we will just write one analog register to the slave unit.  

Use a descriptive name.  The Address should match that of the slave unit (1 in my case).  The Action should be Write.  The Source can be that of any analog register on the master.  For this case I have created a DummyWritten1 analog register to store the value I will write to the slave unit.  Since we are using an analog register, the Destination register needs to be an analog register on the slave, or AO.  The Destination Index should be the register index of a variable created for the purpose of holding the value sent to the slave.  (We will set this up on the slave shortly.)  The Block Size should be 1 for our example.  When you are all finished, your window should look like the one below:
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We still have one more thing to take care of with the Network Event.  We need to tell it when to happen.  To do so, click on the Activation tab.  For this example I will just use a timer with a parameter of 1 second.  After clicking on the [image: image19.jpg]Add



 button, your screen should now look like this:
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The write event is now configured. 

Configuring a read from a slave is very similar.  Start out by making a new network event.  This time, instead of Write we will use Read for the action.  When you have finished, the screen should look like this:
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Set up the activation and this event is finished.  

ScadaBuilder:  Slave Setup

Setting up the slave is considerably easier than the master since doesn’t have to worry about control.  We do need to set up the Radio Network Port to work as a Modbus slave.  

Start by double-clicking on the Radio branch of the Communications tree.  Set the Baud to 115,200 to match the radio.  After that, click on the [image: image22.jpg]NetSessions



 button and give your new session a good name.  This time the Protocol will be Modbus RTU Slave.  Once your window looks like the one below, press OK. And you are essentially finished.  
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The last item that remains is setting up the variables on the slave unit to hold the values that are being sent and received.  


Tui Setup

At this point, your radio network should be functional.  However, it will be cumbersome to test.  Your best option, if available, is to set up Ethernet on both the master and slave.  Then make Ethernet Tuis on both of them.  Using Hyper Terminal you can have a Tui running on each controller.  Through this method you can change variables and watch your changes propagate over your radio network.  

Summary

You have now completed a basic FreeWave radio setup.  From here you can easily add in multiple slave and/or repeater units allowing you great flexibility in situations where wired communications would prove to be impossible.  

When setting up your radio networks, pay close attention to your baud rates, Modbus addresses and master to slave relations.  Always bench test your radio networks before installing them in the field.    

FreeWave Information

Website

www.freewave.com
PDF Manual

http://www.freewave.com/files/Manuals/LUM0002AFRevCFGRUserMnlV63.pdf
Contact Information

Toll Free

(800) 888-1893

Local


(530) 888-1800

Fax
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